Units,  Physical  Quantities  and  Vectors 


1 


IDFAIIFY : Convert  units  fn>m  nu  to  km  and  from  km  to  ft. 

SET  CP:  1 in. ^ 2.54  cm,  1 km  - 1000 m . 12  in  - I ft  . 1 mi  - 5280  ft  . 


Execute:  (u>  1.00 mi- <l.oo nu) 


52SO  ft  ii  12  m.  \(  2.54  an  u'  Im 


(b>  1.00  km  - <1.00  km l 


101  mV if 


km 


I nu  1 ft  )l  1 in.  Jl  if  cm  J'  10' m 


i^YiiH.3.28xl0- 

54  cm  A 12  inJ 


61  km 


Evaluate:  A mile  is  a greater  distance  than  a kilometer.  There  are  5280  ft  m a mile  hut  only  3280  ft  in  a km 
IDFAIIFY : Convert  volume  unit*  from  L to  in.' . 

SETUP:  1L  = 1000 cm1.  1 in.  = 2.54  cm 

( 1000  emM  ( lin.  ' 


EXECUTE:  0.4  7 3 L ' 


-28.9  in  . 


Evaluate:  1 «n.  is  greater  than  I cm  . so  the  volunx  in  m.  is  a smaller  number  than  tlx  volume  in  cm*, 

which  is  473  cm*. 

IDENTIFY:  We  know  the  speed  of  light  in  m s.  I = dtv.  Conv  ert  1 .00  ft  to  m and  / from  s to  ns. 

SET  UP:  The  speed  of  light  k v=  3.00  x 10*  m s .1ft-  0 3048  m . I s - 10*  iw  . 

0.3048  m 

Execute:  ■ i.02xio  *s-i.02m 

3.00x10*  m s 

EVALUATE:  In  1.00  s light  traveh  3.00x10*  m^3.00xl0*  km  = 1.86x10*  mi 
Idemify  : Convert  tlx  units  from  g to  kg  are!  from  cm1  to  mJ . 

Set  Up:  1 kg  = KXIO  g.  1 m - 1003  cm  . 

Execute:  „3  | = ,.,3x10*  J* 

cm  \ 1003  gy  t Im  ) m 

Evaluate:  The  ratio  that  converts  cm  to  m is  cubed,  because  we  need  to  convert  cm*  to  m . 

IDENTIFY:  (‘covert  volume  units  from  in. ' to  L. 

SETUP:  1 L = 1000  cm*.  I in.  -2.54  cm  . 

Execute:  (327  in.*}x|2.54  cm/in  )*x(l  L/1000  cm;|-  5.36  L 

Evaluate:  The  voiunx  is  53(0  cm’ . 1 cm’  is  less  than  1 in.* . so  the  volume  in  cm’  is  a larger  number  than  the 
volume  in  in.  . 

IDENTIFY : (’covert  ft*  to  m*  and  then  to  hectares. 

SET  UP:  1.00  hectare  - I.OQx  10*  m*  1 ft  - 0.3048  m . 


EXECUTE:  Tlic  area  is  <12.0  acres  I 


43.600  ft*  y0.3l>!8m  )'Y  I. 
Inc  } 1.00 ft  J 


hectare 


WxlQ’ m 


4.86  hectares 


Evaluate:  Since  I ft  - 0.304S  m.  I ft*  - (0.3048 >;  m* . 

Idem  if Y : Convert  seconds  to  years. 

SET  UP:  1 billion  seconds  - 1 x |0V  s I day  - 24  h 1 h - 3603  s . 

Execute:  1.00  billion  seconds  ^(1  (Ox  |0V  s)  . 1 h ;;  || Li — - 31.7  V 

1 ‘I  3600  s )[  24  h Jl  365  da\s  J 


Evaluate:  The  conversion  I y - 3. 156  x 10  s assume*  1 y - 365.24  d . which  is  the  average  for  one  extra  day 
every  four  years,  in  leap  years.  Th:  problem  say*  instead  to  assume  a .365 -day  year. 

.8.  Identify  : Apply  the  given  conversion  factors. 

SET  LtP:  1 furlong  - 0. 1 250  mi  and  1 feet  night  - 14  da>v  l day  - 24  h. 

e““,c 

Evaluate:  a furlong  is  ks*  than  a mile  and  a fortnight  is  many  hours,  so  the  speed  limit  in  mph  is  a much 
smaller  number. 

.9.  IDENTIFY  : Convert  miles  gallon  to  lcm  t. 

SET  Up:  1 mi  - 1 .609  km  1 gnUoa  - 3.788  L. 


EXECUTE:  <a>  55.0  mik*  gallon  - (55.0  miks  gallon  i 


1.609  km 


£521-23.4  InvL 


(lit  The  volume  of  ea*  required  is  — — M1  ‘ - 64.1  L . — * 1.4  tanks  . 

23.4  km  L 45  L tank 

Evaluate:  1 mi  gal  - 0.425  km>  L . A km  is  very  roughly  half  a mile  and  there  arc  roughly  4 liters  in  a gallon, 

so  1 mi  gal  - km  l. . which  is  roughly  our  result. 

.10.  Identify  : Convert  units. 

SET  UP:  Use  the  unit  conversions  given  in  the  problem.  Also.  1 Xl  cm  = 1 m and  1000  g - 1 kg . 

. . f ..  ini\  f lh  V$28Qtri 


EXECUTE:  111)  ; 60 


(i»  : 


V * ) V I *'  / \ 100  cm ) s* 

(c>  • 1 .0— M—  I j Jj>l»_cxn  |‘  : 

\ cm  H Im  ) 1. 1000 g J m 

Evaluate:  The  relation*  60  mi  h - 88  fife  and  I $ cm'  - 10*  kgmJ  are  exact.  The  relation  32  fife3  - 9.8  m'i:  is 
accurate  to  only  two  significant  figures. 

.1 1.  Idem  if Y : We  know  the  density  aixl  mass:  thus  we  can  tind  the  volume  using  the  relation 

dmsitv  - mass  volume  - m fV  . Th:  radius  i*  thm  found  from  the  volume  cquition  for  a sphere  and  the  result  for 
the  volume. 


SET  Up:  Density  - 19.5  g em*  arxl  m.  - 60  0 kg  For  a sphere  V - i.rr* . 

Execute:  V - /«  /douity  - 1 600  kg  j;  - 3080  cm; . 

— J t 19.5  g em*  k 1.0  kg 


r = 1 3080  cm*  I - 9.0  cm 

V4.r  V4.v 

Evaluate:  The  <knnty  is  very  large,  so  the  130  pound  sphere  k smill  in  size. 

.12.  Idf.n  I1FY : Use  your  calculator  to  display  .r  x 1(1  . Compare  that  number  to  the  number  of  seconds  in  a year 
SET  UP:  1 vr  - 365.24  davs.  I day  - 24  h.  and  1 h - 3600  * 


24  h f 3600 s 


- 3. 15567. .x  10  s : >r  x 10  s-3.14l59.„x 


EXECUTE:  { 365.24  days1 1 >rl|  ( — — J- 3. 15567...X  |U  s;  jr: 

The  approximate  expression  is  accurate  to  two  signifkant  figures. 
Evaluate:  The  close  agreement  is  a numerical  accident. 

.13.  IDENTIFY  : The  penrent  error  i*  the  error  divided  by  the  quantity. 

SET  Up:  The  distance  from  Berlin  to  Paris  is  given  to  the  nearest  10  km. 


Execute:  (av 


1x10  *%. 


(I»l  Since  the  distance  was  given  as  89(1  km.  the  total  distance  should  he  890,000  meters.  We  know  the  total 
distaixe  to  only  three  significant  figures. 

EVALUATE:  In  this  ease  a very  small  percentage  error  has  disastrous  consequences. 

.14.  Idf.yiify  : When  numbers  arc  multiplied  or  divided,  the  number  of  significant  figures  in  the  result  can  be  no 

greater  than  in  the  factor  with  the  fewest  significant  figures.  When  we  add  or  subtract  nunfoers  it  is  the  location  of 

the  decimal  that  matters. 
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1.15. 


1.16. 


1.17. 


1.18. 


Si:r  UP:  12  mm  has  two  significant  figures  ami  5.98  mm  has  three  significant  figure*. 

Execute:  (u)  (12  mm)  x (5.98  mm)  - 72  mm:  (two significant  figures) 


<1»)  / ,l"11  0.50  (abo  tw  significant  figures) 

12  mm 

(c)  36  mm  (to  the  nearest  millimeter) 

(d)  6 mm 

(e)  2.0  (two  significant  figures) 

Evaluate:  The  Vmgth  of  the  rectangle  is  known  only  to  the  nearest  mm.  so  the  answers  in  puts  (c)  and  <dl  are 
known  only  to  the  nearest  mm. 

IDEM1FY  and  SET  L’P:  In  each  case,  estimate  the  precision  of  the  measurement. 

EXECUTE:  (u)  If  a meter  stick  can  measure  to  the  ivarest  millimeter,  the  error  will  be  about  0.13%. 

(b)  If  the  chemical  balance  can  measure  to  the  nearest  milligram,  the  error  will  he  atxiut  8.3x10  *%. 

(c)  If  a handheld  stopwatch  (as  opposed  to  clcctnc  timing  devices)  can  measure  to  th:  nearest  tenth  of  a second,  the 
error  will  be  about  2.8x10*%* 

EVALUATE:  The  percent  errxvs  arc  those  due  only  to  the  limit  of  precision  of  tlx  nxrasuremcnt 
IDEs  IW\:  Use  the  extrenx:  values  in  the  piece's  length  and  width  to  find  the  uncertainty  in  the  area. 

SET  Up:  The  length  could  be  as  large  as  5. 1 1 cm  and  the  width  could  fcc  as  large  as  1 .91  cm 

Execute:  The  area  is  9.69  ± 0.07  cm:.  The  fractional  uncertainty  in  the  area  is  Lf‘L  - 0.72%.  and  the 

9.69  cm* 


fractional  uncertainties  in  the  length  and  width  are 


[)<l  cm 


- 0.20%  and 


L»01  cm 


0.53%.  The  sum  of  these 


5.10  cm  1.9  cm 

D.73%  . in  agreement  with  th:  fractional  uncertainty  in  the  area, 
i product  of  numbers  is  greater  than  the  fractional  uncertainty  in  anv  of 


fractional  uncertainties  is  0.20%*  0.53% 

Evaluate:  The  fractional  uncertainty  i 
the  individual  numbers. 

Idem  it \ : Calculate  tlie  average  volume  and  diameter  and  the  uncertainty  in  these  quantities. 

SET  UP:  Using  the  extrenx  values  of  the  input  data  gives  us  the  largest  and  smallest  values  of  the  target  variables 
and  from  these  we  get  th:  uncertainty 

Execute:  (u)  The  volume  of  a disk  of  diameter  d and  thickness  r is  V - xidtTft. 


The  average  volume  is  V - *(8.50  cm‘2)J(0.50  cm)  - 2.837  cm*.  But  / is  given  to  only  two  signifirant  figures  so 
tlie  answer  should  be  expressed  to  two  significant  figures:  I'  - 2.S  cm  '. 

We  can  find  the  uncertainty  in  the  vulunx  as  follows.  The  volume  could  he  as  large  as 

V - .rfS.52  cnv‘2)* (0.055  cm)  - 3. 1 cm*.  which  is  0.3  cm*  larger  tlian  the  average  value.  The  volume  could  be  as 
small  as  V - .t(S.52  cm'2)*(0.045  cm)  = 2.5  cm*,  which  is  0.3  cm*  smaller  tlian  the  average  value.  The 
uncertainty  is  10.3  cm*,  and  we  express  the  volume  as  V - 2.810.3  cm*. 

(b)  Tlie  ratio  of  the  average  diameter  to  the  average  thickness  is  8.50  cm  0.050  cm  - 170.  By  taking  the  largest 
possible  value  of  the  diameter  and  the  smallest  possibk:  thickness  we  get  the  largest  possible  value  for  this  ratio: 
8.52  cmO.045  cm  - 190.  The  smallest  possible  value  of  the  ratio  is  8.48  . 0.055  - 150.  Thus  th:  uncertainty  is 
120  and  we  write  the  ratio  as  170  ±20. 

Evaluate:  The  thickness  is  uncertain  by  10%  and  the  percentage  uncertainty  in  the  diameter  is  much  less,  so 
the  percentage  uncertainty  in  the  volume  and  in  the  ratio  should  be  about  10%. 

IDF.M1FY : Estinutc  the  number  of  people  and  then  use  the  estimates  given  in  the  problem  to  calculate  the 
number  of  gallons. 

SET  Up:  Estimate  3x11?  people,  so  2x  10*  cars. 

Execute:  ( Number  of  cars  x miles  car  day ).'  | mi 'gal ) - gallon*  day 


(2x10*  cars  x | OOCO  mtyr'carxl  >r  365  days)/ (20  mi.'gal}  - 3x  10*  gal  day 

Evaluate:  The  number  of  gallons  of  gas  used  each  day  approxinutclv  equals  the  population  of  the  IJ.S. 
1.19.  Ideviify  : Express  200  kg  in  pound*  Express  each  of  200  m.  200  cm  and  200  mm  in  inches.  Express 
200  months  in  years. 

SET  Up:  A ma*s  of  1 kg  is  equivalent  to  a weight  of  about  2.2  lbs.  1 in  - 254  cm . 1 y - 12  months  . 
EXECUTE:  (u)  200  kg  is  a weight  of 440  lb.  nis  is  much  larger  than  the  typical  weight  of  a man. 

(b)  200  m - (2.00  x |04  cm) I — * ~n  ! - 7.9x10'  inches . This  is  much  greater  than  th:  height  of  a person 

v 2.54  cm  / 

(c)  200  cm  - 2.00  m - 79  irxhes  - 6.6  ft  . Some  people  arc  this  talk  but  not  an  ordinary  nun. 


1-4  Chapter 


1.20. 


1.21. 


1.22. 


1.23. 


1.24. 


(d)  200  mm  - 0.200  m - 7.9  inches  . This  is  much  too  short. 

iy 


(O  200  months  -(200  nwn  I 


1 7 y . This  is  the  ape  of  a tecnauer:  a mnkllc  aued  man  is  much  older  Ilian  tins. 


12  mon 

EVALUATE:  None  arc  plausible  When  specifying  the  value  of  a measured  quantity  it  is  essential  to  give  the  units 
in  which  it  is  being  expressed. 

IDENTIFY:  The  number  of  kernels  can  be  calculated  as  *V  - l'W4W  fV^^. 

S»:r  UP:  Based  on  an  Internet  search.  Iowan  com  farmers  use  a sieve  having  a hole  size  of  0.3125  in.  - 8 mm  to 
remove  kernel  fragments.  Therefore  estimate  the  average  kernel  length  as  10  mm.  the  width  as  6 mm  and  the  depth 
is  3 mm  We  must  also  apply  the  conversion  factors  I L - 1000  cm*  and  I cm  - 10  mm 

EXECUTE:  The  volunx-  of  the  kernel  is:  l'UmU  - ( 10  mm  >(6  mm >(3  mm  I - I SO  mm* . Th:  bottle's  volume  is: 

= ( 20  L )[l  1 000  cm*  >/<  1 .0  L ) ][<  10  mm  )‘/(I.O  cm>‘  j-2  .OxICf  mm*  Th:  number  of  kernels  is  then 
iV^  - yrr1l/y„riil  *|2.0x  10‘  mm* )/(l80  mm‘)=  1 LOOO  kernels . 

Evaluate:  This  estimate  is  highly  dependent  upon  your  cstumte  of  the  kernel  dimensions.  And  since  Ihcse 
dimensions  vary  amongst  the  dilTercnl  available  types  of  com.  acceptable  answers  could  range  from  6,5CO  to 
20.000. 

IDENTIFY : Kistumte  the  number  of  pages  and  Ihe  number  of  words  per  page. 

SET  UP:  Assuming  th:  two*volume  edition,  there  are  approximately  a thousand  pages,  aixl  each  page  has 
betwom  500  and  a thousand  weeds  (counting  captions  and  the  srmller  print,  such  as  the  cixi  of  chapter  exercises 
u>d  problems). 

E\»:c  t TE:  An  estimate  for  the  number  of  words  is  about  10* . 

EVALUATE:  We  can  expect  that  this  estimate  is  accurate  to  within  a factor  of  10. 

IDENTIFY:  Approximate  th:  number  of  breaths  fvr  minute.  Convert  minutes  to  years  and  cm'  to  m to  find  the 
volume  in  in ' breathed  in  a year. 


SET  l.P:  Assume 


10  breaths,  min  ly  = (365di  | * = 5.3x10*  mm.  10^ 


cm  — i m 


10*  cm  -lm‘  Th:  volume  of  a sphere  is  V -2.Tr*  -k.erf* . where  r is  th:  radius  and  J is  the  diameter.  Don’t 
forget  to  account  for  four  astronauts. 

, jYSJxlO*  mi 


EXECUTE:  I a)  The  volume  is  14X10  breaths*  min  M >1X1  x 10  m 


1 y 


- IxlO4  m*/yr  . 


f .6V  \ 6(1  x 1 04  m*1  Y 

(b|  d-| — = 1 =27  m 

iT 


EVALUATE:  Our  estimate  assunxs  that  each  cm*  of  arr  is  breathed  in  only  once,  wlvrc  in  reality  not  all  the 
oxygen  is  absorbed  from  the  air  in  each  breath.  Therefore,  a somewhat  smaller  volume  would  actually  he 
required. 

IDENTIFY:  fistimatc  the  number  of  blinks  per  minute.  Convert  minutes  to  years.  Estimate  the  tvpscal  lifetime  in 
years. 

SET  Up:  Estimate  that  we  blink  10  times  per  minute  1 y - 365  days  . I day  - 24  h . I h - 60  min  . Use  80  years 

for  the  lifclinx. 


E XICUTE:  The  number  of  blinks 


Inks  is  (1(1  ylifenne^  4- iff 


EVALUATE:  Our  estimate  of  the  number  of  blinks  per  minute  can  be  ofTby  a fartoc  of  two  but  our  calculation  k 
surely  accurate  to  a power  of  10. 

iDF.NTIFY:  Ustirmtc  the  number  of  heals  per  minute  arxl  the  duration  of  a lifetime.  The  volume  of  blood  pumped 
during  this  interval  is  then  the  volume  fvr  heal  multiplied  by  the  total  beats. 

SET  UP:  An  average  nuddlc«aged  (40  year«old|  adult  at  rest  has  a heart  rale  of  roughly  75  heals  per  minute.  To 
cakuhtc  the  number  of  heals  in  a lifetime,  use  the  current  average  lifespan  of  80  year*. 

Execute:  A'1w.  ,(75  ( ill 1 *** jf  ■ *°  yi  ).3*ltT  be.ulifc.pon 

lifespan 


-(50  cm* 'beat 


L 


1000  cm  A 3.788  L 
Evaluate:  This  is  a very  larue  volume. 


day  A yr 
3x10' 


lifespan 


- 4x  10  ual  lifespan 
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1.25.  IDENTIFY:  Estumtion  problem 

SET  UP:  Intimate  that  the  pile  is  18  in.x  18  in.x  5 ft  8 in..  Use  the  density  of  gold  to  calculate  tlic  mass  of  gold  in 
the  pile  and  front  this  calculate  the  dollar  value. 

Execute:  The  volume  of  gold  m the  pik  is  V - IK  in.x  18  in  x6K  in.  - 22,000  in.1.  Convert  to  cm' : 

V - 22.000  xn.'(lOO)  cm;  *6 1.02  in.*)  = 3.6x  10*  cm*. 

The  density  of  gold  is  19.3  gem',  so  the  mass  of  this  volume  of  gold  is 

m * (19.3 gtan  1(3.6x10*  cm1  ) = 7xlO*  g. 


1.26. 


The  monetary  value  of  ooc  gram  is  S10.  so  the  gold  lias  a value  of  (SI0.1  gram|(7 * 10"  gr  ams  I - S7  x 10  . or  about 
SlOO  x 10"  (ocx  hundred  million  dollars). 

Evaluate:  This  is  quite  a large  pile  of  gold,  so  such  a large  monetary  value  is  reasonable. 

I DEM  IF  Y:  Estmvitc  the  dianxicr  of  a drvp  aixl  from  that  calculate  the  volume  of  a drop,  in  m' . Convert  m'  to  L. 
SEE  UP:  Estimate  the  dianxter  of  a drop  to  be  d - 2 mm  . The  volume  of  a spherical  drop  is  V - 4'7r  - 
10'  cm'  - I L . 


Execute:  V = L*|'0.2  cm)1  -4x10  * cm* . The  number  of  drops  in  1.0  L is  ^ * ‘ r - 2x  10' 

Evaluate:  Since  V - d‘ . if  our  estimate  of  the  diameter  of  a drop  is  off  by  a factor  of  2 then  our  estimate  of  the 
number  of  drops  is  off  by  a factor  of  8. 

1.27.  IDENTIFY:  Estimate  tlx  number  of  students  and  tlx  average  nuniver  of  pizzas  eaten  by  each  student  in  a school  year. 
SET  Up:  Assume  a school  of  thousand  students,  each  of  whom  averages  ten  pazzas  a year  (perhaps  an  underestimate  I 
Executed  Hey  eat  a total  of  104  pizzas. 

Ev  aluate:  The  s^mc  answer  applies  to  a school  of  250  students  averaging  40  pizzas  a year  each. 

1.28.  1DLM1EV : Tlx  number  of  bills  is  the  distance  lo  the  moon  divided  by  the  thickness  of  one  bill. 

SET  UP:  Estimate  the  thickness  of  a dollar  bills  by  measuring  a shoct  stack,  say  ten.  and  dividing  the 
mcasurcnxnt  by  tlx  total  number  of  bills.  I obtain  a thickness  of  roughly  1 mm  from  Appendix  F,  the  distance 
from  the  earth  to  the  moon  is  3.8  x ICf  m. 

EXECUTE:  V -|  2 mm  U 3.8x10°  hilUxJxlO1'  bills 

u*  U.lmnv'biuA  Im  > 

EVALUATE:  His  answer  represents  4 trillion  dollars!  The  cost  of  a single  spare  shuttle  mission  in  2005  is 
significantly  less  roughly  1 billion  dollars. 

1.29.  Idln  I1FY:  Tlx  cost  would  equal  the  number  of  dollar  bills  required;  the  surface  area  of  tlx  U.S.  divi&d  by  the 
surface  area  of  a single  dollar  bill. 

SET  UP:  lly  drawing  a rectangle  on  a map  of  the  U.S..  the  approximate  area  is  2600  mi  by  1300  mi  or 
3.380.000  mi* . This  estimate  is  within  10  percent  of  the  artuil  area.  3.791.083  mi: . Tlx  peculation  is  roughly 
3.0x10*  while  the  area  of  a dollar  bilk  as  nxasured  with  a ruler,  is  approximately  6-  xn.  by  2^  in. 

Execute:  4*  *(3.380.000 mii)[<5280fl)/(l  im)|*[(l2m.)/(l  ftlj*  -1.4x10“  in1 
=(6.125  in.)( 2.625  in.)  = 16.1  in/ 

Totalcost = /1, 3%/^WJ=(  1.4x10“  in/)/<16.1  in.VbiIl>  = 9x  10“  bills 
Cost  per  person  - <9x10* ' dollanO/p.OxlO'  persons)  = 3x  1 Cf'dollir*  person 
EVALUATE:  The  actual  cost  would  be  somew  hat  larger,  because  the  land  isn't  flat. 

1-30  Identify  : Tlx  displacements  must  be  added  as  vectors  and  tlx  magnitude  of  the  sum  depends  on  the  relative 
oriental  ion  of  tlx  tw  o displacements. 

SET  UP:  The  sum  w ith  the  largest  magnitude  is  wlxn  the  two  displacements  ax  parallel  and  the  sum  with  the 
smallest  magnitude  is  w hen  the  two  displacenxnts  arc  antiparallel. 

Execute:  The  orientations  of  the  displacements  thit  give  the  desired  sum  arc  shown  in  Figure  1.30. 

EVALUATE:  The  orientations  of  the  two  displacements  can  be  chosen  such  that  the  sum  has  any  value  between 
0.6  m and  4.2  in. 


2.4  in  2.4  ra 


(a)  <b)  <C> 


Figure  1 JO 


1.31.  Idi.m  : Draw  each  subsequent  displaccnxnt  tail  to  head  with  the  previous  dispheement.  The  resultant 
displaremcnt  is  the  single  vector  that  points  frecn  the  starting  point  to  tlx  stopping  point. 

SET  V P:  Call  tlx  three  displacements  A . B . and  C . The  resultant  displacement  R is  given  by  R~  A + B + C. 
EXECUTE:  The  vector  addition  diagram  is  given  in  Figure  1.31.  Caretiil  mcasurcnxnt  gives  that  R is 
7.8  km.  38  north  of cast . 

EVALUATE:  The  magnitude  of  the  resultant  displacement.  7.S  km.  is  less  than  the  sum  of  the  magnitudes  of  the 
individual  displacements.  2.6  km  ♦ 4.0  km  3.1  km  . 


Figure  131 


1-32.  iDSXnrv : Draw  the  vector  addition  diagram,  so  scale. 

SET  UP:  The  two  vectors  A and  B are  specified  in  the  figure  that  accompanies  the  problem. 

EXECUTE:  la)  The  diagram  for  C - A 4 B i s given  xn  figure  1.32a.  Measuring  the  length  and  angle  of  C gives 
C - 9.0  m and  an  angle  of  0 = 34*  . 

< It > The  diagram  for  D - A - B is  given  in  figure  1.32b.  Measuring  tlx  length  and  angle  of  0 gives  D - 22  m and 
an  angle  of  0 = 250*. 

(c)  -A  - B — -{A  * B l « so  -A  - B has  a mignitude  of 9.0  m (the  same  as  A * B ) and  an  angV  with  tlx  +x  axis 
of  214°  (opposite  to  the  direction  of  A *■  B (. 

(d } B -A  — -(A  - B)  , so  B - A has  a magnitude  of  22  m and  an  angle  with  the  - x axis  of  70°  (opposite  to  tlx 
direction  of  A - B ). 

Evaluate:  The  vector  -A  is  equal  in  magnitude  and  opposite  in  direction  to  the  vector  A . 


M 0>) 

figure  1J2 


1-33.  iDEvnn : Since  she  returns  to  tlx  starting  point,  the  vectors  sum  of  the  four  displacements  must  be  zero. 
SET  UP:  Call  tlx  three  given  dispheements  A , B . and  C . and  call  the  fourth  displacement  0 
A+B*C+D-0 

EXECUTE:  "Hie  vector  addition  diagram  is  sketched  in  Figure  1.33.  Careful  nxasurement  gives  thxt  0 
is  144  m.  41  south  of  west. 
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EVALUATE:  D is  equal  in  magnitude  and  opposite  in  dircclion  to  the  sum  A + B + C 


Figure  133 

1-34.  IDENTIC'  and  St:r  UP:  Use  a ruler  and  protractor  to  draw  the  vectors  deserved.  Then  draw  the  corresponding 
hon/ontal  and  vertical  components. 

EXECUTE:  (u)  Figure  1.34  gives  components  4.7  m.  K.  1 in. 

<b|  Figure  1.34  gives  components  -15.6  km.  15.6  km  . 

(c)  Figure  1.34  gives  components  3.S2  cm.  - 5.07  cm  . 

Evaluate:  The  signs  of  the  components  depend  on  the  quadrant  in  which  tlx  vector  lies. 

v 

(-13.6  km.  1 36  ini)  I (4.7  n.  8. 1 ml 


l.*J  rr\  3.(1? 


Figure  134 

US.  IDENTIFY:  For  each  vector  V ,u*c  that  Vt  - Fees if  and  Y\  = I' si nO  . when  0 is  the  angle  I*  makes  with  the  +x 
axis,  measured  counterclockwise  fn>m  the  axis. 

SET  UP:  For  A , 0 = 270.0°  . For  B . 0- 60.0°  .For  C . O-  205.0° . For  D , 0 = 143.0°  . 

Execute:  A,  -0,  A,  * -8.00  m.  Bt  -7.50  m.  B'  = 13.0  m.  Ct  = -10.9  m,  C,  =-5.07  m.  Dt  =-7.99  m. 
Dt  = 6.02  m . 

Evaluate:  The  signs  of  the  components  correspond  to  the  quadrant  in  which  tlx  vectcc  Iks. 


136.  I DEV  IKY:  tan# . for  0 measured  counterclockwise  from  tlx  -t.r  -axis. 

•< 

S»:r  Up:  A sketch  of  A.  , A,  and  A tell*  tu  the  quadrant  in  which  A lies. 

Execute: 

(a)  tan  0 - — — - -0.500 . 0 = tan  I -0.500)  - 360’  - 26.6°  = 333”  . 

A,  2.00  m ' ' 

<b)  tan  - — " — -0.500.  ff-tan  1 (0.500k > 26.6°  . 

A.  2.00  m ' 

<c»  tang-  — - : -0.500  . 0 -■  Ian  '(-0  503)  - ISO’- 26.6°  = 153:. 

A.  -2.00  m ' ' 

(d)  tan  0 - — — — 0.500. 0 - tan  10.500)  - 1S0‘>  26.6-  = 20T1 

A.  -2.00  m 1 ’ 

EVALUATE:  The  angles  26.6'  and  207°  have  the  sanx  tangent.  (>ur  sketch  tells  us  which  is  tlx  correct  value 
of  0 . 

137.  iDf.YIKY : Find  the  vcctc*  sum  of  the  two  forces. 

Set  Up:  Use  components  to  add  the  two  forces.  Take  the  +x*directioa  to  be  forward  and  the  *t  indirection  to  be 
upward. 


Execute:  The  second  force  ha*  components  Flt  - Fl  co*32.4*  = 433  N and  Flp-F.  sin 32.4*  - 275  N.  TTk 
first  force  hw  ccxnporcnts  Fu  = 725  N and  F]  , = 0. 

1158  N and  F%  mFXr  + Fly*  275  N 

The  resultant  force  is  1 190  N in  the  direction  1 3.4°  above  th:  forward  direction. 

Evaluate:  Since  the  tRO  forces  arc  not  in  the  same  direction  the  magnitude  of  their  sector  sum  is  less  than  the 
sum  of  their  magnitude. 

1-38.  IDENTITY:  Find  the  vectcc  sum  of  the  three  given  dssplacenxnts. 

SET  UP:  Use  coordinates  for  which  is  east  and  +y  is  north.  The  driver’s  vector  displacements  are: 

A - 2.6  km.  0°  of  north:  B - 4.0  km.  0°  of  east:  C - 3 . 1 km.  45°  north  of  east . 

Execute:  8 =/!.  '8.  rC.  = 0-.4.0km-f(3.l  km)oc»(45')*6.2  km:  R,  =A,  -8.  *-C,  = 

2.6  km  '0 -*(3.1  km)<i«i4S)^  4.8  km  : ff  - Jff;  - R‘  - 7.S  km  . 0 - Ian  '[(4.8  km  I/*  6.2  kml]  - 38  ; 

R - 7.8  km.  38  north  of  cart.  This  result  is  confirnxd  by  the  sketch  in  Figure  1.38. 

Evaluate:  Both  R and  R arc  positive  and  R is  in  the  first  quadrant. 


Figure  IJ8 

1.39.  Identity:  If  C - A •*  B . then  Ca  - At  + Bt  and  C%  * A,  ♦ Bf . Use  C,  and  C,  to  find  the  magnitude  and 
direction  of  C . 

SET  UP:  From  Figure  1 .34  in  the  textbook.  A,  - 0,  A,  = -8.00  m and  = +/?sin  30.0°  - 7.50  in  . 

B,  « +0c0s3O.O°  - 1 3.0  m . 

Execute:  (u)  c - A * B so  C\  - A,  +B,^  7.50  m and  C ^ A'  + B,  - *5.00  m . C - 9.01  m . 

, an8,S, Upland  8, 33.T1. 

Ct  7.50  m 

<l>)  B * A - A + B , so  B 4*  A has  magnitude  9.01  m and  direction  specified  by  33.7* . 

<c)  D - A - B so  Dt  - A,  - B^  - -7.50  m and  D%  - A%  - B - -21.0  m . D- 22.3  m . land  - — ~ \ ' 11  and 

Dt  -7.50  m 

d - 70.3°  . I)  is  in  th:  3,J  quadrant  and  the  angle  0 counterclockwise  from  the  +x  axis  is  180*  + 70.3*  - 250.3* . 
(dl  B - A - -(/!  - B).  so  B - A has  magnitude  22.3  m and  direction  specified  by  0- 70.3° . 

Evaluate:  These  results  agree  with  those  calculated  from  a scale  drawing  in  Problem  1.32. 

1 .40.  IDEYIITY:  Use  liquations  (1.7)  and  (1.8)  to  calculate  the  magnitude  and  direction  of  each  of  the  given  vectors. 
SET  UP:  A sketch  of  A.  , A,  and  A tells  us  the  quadrant  in  which  A l>«. 


Execute:  (a)  J(-S.60cmr*  <5.20  em'f- 10.0  cm.  arctan 


- 148.8°  (which  is  180:-31.2°|. 


[H>  ^(-9.7  m)*%  -f  (-2.45  m)1  = 10.0  m.  arctan(ll^.j^  14°-f  180°- 194: 

|c>  ^(7.75  km)1  » (-2.70 km)!  =8.21  km.  arclanflH. j - 340.8:  (which  it  360*-l9.2»). 


EVALUATE:  In  c»:h  case  the  angle  is  measured  counterclockwise  from  the  +x  axis.  Our  rcuilts  fee  0 agree  with 
our  sketches. 


Unit*.  Physical  Qtmtfibcs  and  Vectors  1 -9 


1.41. 


iDBVnFV  : Vector  addition  problem.  We  arc  given  the  migmtudc  and  direction  of  three  vectors  and  are  asked  to 
find  their  sum. 

SET  UP: 


figure  1.4 1 j 


A = 3.25  km 
B ^ 4.75  km 
C ^ 1 50  km 


Select  a coordinate  system  when;  r.v  is  cast  and  +y  is  north.  Let  A . B and  C tv  tlx  three  displacements  of  the 
professor.  Tlxn  the  resultant  displacenxnt  R is  given  by  R - A ♦ B ♦ C.  By  the  method  of  compceicnts. 

Rt  - At  + Bt+  C , and  R%  = A . + Br  + C% . find  the  v and  y components  of  each  vector;  add  them  to  fmd  tlx 


components  of  the  resultant.  Tlxn  the  magnitude  and  direction  of  the  resultant  can  h:  found  from  its  a and  ;, 
components  that  wc  have  calculated.  As  alwayc  it  is  essential  to  draw  a sketch. 

Execute: 


1 


Figure  1.41b 


4=0.  4 « +3.25  km 
5 =-4.75  km.  S=0 
C.  =0.  C = -1.50  kra 


R. 
R. 
R . 
R, 


• 4+4+c, 

- 0 - 4.75  km  r 0 = -4.75  km 

=4+4 +c 

= 3.25  km  r 0 - 1 .50  km  - 1 .75  km 


1.42. 


R = * R;  - ^V-1.75  km)*  +(1.75  km>; 

R = 5.06  km 

1.75  km 


R 

tan/7-  — - 

R -4.75  km 


--0.36H4 


- 1 59.  S 


Tlx  angle  0 measured  counterclockwise  freen  the  +.r*axis.  In  terms  of  compass  directions,  the  re»ultant 
displarcmcnt  rs  20.2°  N of  \V. 

EVALUATE:  R . < 0 and  Rr  > 0.  so  R k in  2nd  quadrant.  This  agrees  with  the  vector  addition  diagram. 

IDEM1FV : Add  the  vectors  wing  components.  B- A-  B+  (-A ) . 

SET  Lp:  If  C-/f  + Bthcn  C.  =4  +4  and  Cr  = 4 + 4-  If  D-B-A  then  O,  = B,  -4  and  />.  -Bt  - A,  . 
EXECUTE:  (ii|Thc.v  andrcorcqionentsofthesumarc  1.30  cm  + 4.10  cm  - 5.40  cm. 

2.25  cm  + (-3.75  cm)  = - 1 .50  cm. 


(b)  Using  Equations  (1.7)  anil  (1.8),  ^(S.JOcml^-I.SOcml1 


5 .60  cm,  arctan 


+5.40 


344.5°  ccw. 


(c) Similarly.  4. 10 cm -(I  JO  cm) - ISO  cm.  -3.75  cm  - ( 2.25  era)-- 6.00  cm. 

«l>  ^(2.S0cm>‘  » (-6.00cm)'  -6.62  an,  orctanj  J-  295°  (which  is  360°  - 65:  ). 

Evaluate:  We  can  draw  the  vector  addition  diagram  in  each  case  and  verify  that  our  results  ore  qualitatively 
correct. 

1 .43.  IDENTIFY:  Vector  addition  problem.  A - B - A + (- By 

SET  L^P:  Fire!  the  *•  and  y* components  of  A and  B.  Then  tfo:  and  r -compccienis  of  the  vector  sum  are 

cakuUted  from  the  x • and  \ -components  of  A and  B 

Execute: 

r At  = ^cos<60.0‘( 

0*  At  = (2.80  cm|cos<60.0:) - + 1.40  cm 

At  - dsinl 60.CT) 

A,  - (2.80  cmlsinf60.0°)  = +2.425  cm 
V B.~Bca«-«>Xn 

— * B.=( 1 .90  cm)ccK|  -60.0°)  ^ +0.95  cm 

Yy  ] ’ B,  = /*sin|-60.0,i 

/*.  \ [ B,  - (1 .90  cm)sin(  -00.0°)  - - 1 .645  cm 

L . - * u Nt>»c  that  the  signs  of  the  components 

correspond  to  the  directions  of  the  component 


vectors. 


Figure  1.43a 


(a)  Now  let  R-A*B 

R,  - At  + B . - +1 .40  cm  + 0.95  cm  - +2.35  cm. 

R - A - B -+2.425  cm  -1.645  cm  -^0.7S  cm. 


R ■-  y]R]  + R]  - ^(2.35  cm)*  + (0.7S  cm)' 
R ^ 2.4S  cm 

„ R +0.78  cm  A_,ta_ 

tan/V - - ^0.33 1 9 

R.  +2.35  cm 

9 * 18.4: 


Figure  1.43b 


Evaluate:  The  sector  addition  diagram  for  R - A + B is 


R is  in  the  1st  quadrant,  with 
I/?  \<  |R  |.  in  agreement  with 


our  calculation 


Figure  1.43c 


<>»  Execute:  Now  lei  R - A - S 
Rt-At-BK-  *1 .40  cm  - 0.95  cm  - +0.45  cm. 
R,*A  -B,-  +2425  cm  + 1 .615  cm  = +4.070  cm 
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Figure  1.43d 


R-JV+Rl  -J|0.45  cm|:  ♦ (407(1  cm)*’ 
R * 4.09  cm 


„ R.  4.070  cm  %tw- 

tantf-- — +9.044 

R ( .45  cm 


Evaluate: 


The  sector  addition  diagram  for  R - A + 1 ~B  I is 


/?  is  in  the  Is!  quadrant. 
%v.ih  |/f.|«|*.|.  in 

agreement  with  our 
calculation. 


(c)  Execute: 


» 


v 


B - A and  A - B are 
equal  m magnitude  and 
opposite  in  direction. 

R - 4.09  cm  and 
0 - 83.7°  + 180°  - 264* 


Figure  l.43f 


M2  Chapter 


Evaluate:  Hic  vector  addition  diagram  for  R - B + [-A ) i * 


1.44. 


Figure  l.43z 


R u in  the  3rd  quadrant. 

|*.  |<|*.  | 'n 

agreement  with  our 
calculation. 


I DEN  I1FV : The  velocity  of  the  boat  relative  to  the  earth.  vwt  . the  velocity  of  the  water  relative  to  the  earth,  j 
and  the  velocity  of  the  boat  relative  to  the  water.  P*  h . are  related  by  t*U4  * + **  s • 

SET  CP:  \\  4 - 5.0  kmh  . north  and  »kuv  - 7.0  knvh , west.  The  vector  addition  diagram  is  sketched  in 

Figure  1.44. 

I-AMIII:  » vi|  - »•  and  > j; l.:r.  h • • I - I l.m  :i  m*  kmfc  tni  — - ■ ' — «d 

»Va  7.0  km  h 

$$  - 36° , north  of  west. 

Evaluate:  Since  the  two  vertex*  we  are  adding  arc  perpendicular  we  can  use  tb:  Pythagorean  theorem  directly 
to  find  the  magnitude  of  their  vector  wm. 

■Wv 


Figure  1.44 


1 .45.  IDENTIFY : Let  A - 625  N and  B - H75  N . Wc  arc  asked  to  find  the  vector  C such  that  A ♦ B - C - 0 . 

SETUP:  Ak-  0.  ,4,  ^-625  N.  Bt  s (S75  N )cos  30°  - 758  K . Bx  - <875  N )sin3D°  = 43S  N . 

Execute:  C\  •=  -\A%  ♦ Bt)  = -<0 + 758  N|  ^ -758  N . C,  = -</(,  +/?,)=  -(-625  N + 43S  N>  = -t  187  N . Vector 

t and  its  components  are  sketched  in  Figure  1 .45.  C - ^C’  + C‘  - 78 1 N tan  ^ - tlj  4r— 7- and  ^ - 1 3.9;  . 

C is  at  an  angle  of  13.9°  above  the  -x  -axis  and  therefore  at  an  angle  1 80' -13.9’  - 166.  K counterclockwise  from 
the  -f  raxw . 

EVALUATE:  A vector  addition  diagram  for  A ■*  B *♦  C verifies  that  their  sum  is  zero. 


Figure  1.45 
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1.51. 


1.52. 


1.53. 


1.54. 


B - 5.00/  - 2.00/,  B . = *5.00.  B . = -200 
if  - yjB;  + a;  - ^<5.(XhJ  r (-2.00)*'  = 5 J9 

EvaIA'aTE:  Note  that  the  magnitudes  of  A and  B arc  each  larger  than  either  of  their  eomponents. 
EXECUTE:  (b)  A - B - 4.00/  -f  3.00>  - j5.0IV  - 2.00 y)  - (4.00  - SOOtf  ♦ (3.00  ^ 2.00) j 

A - B .00/  + 5.00 y’ 

(c>  Let  /?  - 4 - 0 - -1.00/  * 5.00/  nen  /*.  ^ -1.00.  ft  - 5.00. 


/?  ^ ^(-1.00)* -f  (5.00  r ^ 5. 10. 


5.00 

-1.00 


- -5.00 


0 ^-78.7**  ISO*  - 101.3°. 


Evaluate:  R # < 0 and  It  > 0,  so  R k in  the  2nd  quadrant. 

IDI.M1FV:  A unit  vector  lias  magnitude  equal  to  I. 

SET  UP:  Tbe  rmgtutude  of  a vector  is  given  in  terms  of  its  ecenpooents  by  Eq.(  1.12). 
EXECUTE:  (a)  1/  ♦ j ♦ k I - Ji * ♦ I*  ♦ P - J3  a 1 so  it  is  not  a unit  vector 


(b)  |/4|  - + A]  -f  A]  . If  any  component  is  greater  than  r 1 or  less  thin  -I,  |.4|>  1 . so  it  cannot  he  a unit 

vector.  A can  have  negative  components  since  the  minus  sign  goes  away  whm  the  component  is  squared. 

(c»  |.\|-  I give*  ^fl'(3.0)'  - a- (4.0)'  - I and  J7J2S  - 1 . a - t^L  - J0.20  . 

Evaluate:  The  magnitude  of  a vector  is  greater  than  the  magnitude  of  any  of  its  components. 

IDLN I1FV:  If  vectors  A and  B commute  for  addition.  A ♦ B - B ♦ A . If  thev  commute  for  the  scalar  products 

A B-B  A . 


SET  UP:  Express  the  sum  and  scalar  product  in  terms  of  the  components  of  A and  B . 

Execute : (a)  Let  A-aJ  + aJ  and  B-B.i  + B,}.  A+B-iA'  + BAi+^'+B^j. 

B + A-{B  + A \i  4 j Bt  -f  A%  ) j . Scalar  addition  is  commutative,  so  A + B - 4 ♦ A . 

A B - AtB,  -f  ABt  and  BA-  BtA,  + BtAt  . Scalar  multiplication  is  commutative,  so  A B - B A . 
(I'M-* -{A.B.  - A ft.  )'i  * ( A,  ft.  - A.B,  )j  -■  {A.//.  - AB . )*  . 


B-  A-{B  A - B A )i  *{ ft  .<  - ft  .)  )/  * (ft  .-I  - ft  .1  . Comparison  of  each  component  in  each  vector 

product  r Sens'  lh.it  one  is  the  negative  of  the  otlwr. 

Evaluate:  The  remit  in  pan  (b)  meant  that  A ■ ft  and  ft  ’ A have  tbe  same  magnitude  and  opposite  direction. 
iDEVIltV:  A ft  - ABcot# 

S»:r  L'P:  For  A and  ft  . p - 1 50.0“ . For  ft  and  C . - 145.0“ . For  A and  C . * - 65.0“  . 

Execute:  (u>  ,4fl-<S.I»mKlS.0m>ct>sl5O.0:  = -|O4m: 

<b»  B C — (ISO  mXl2.0  m)cosl45.0“  - -14H  m' 

(t)  AC-  (S.OO  m It.  12.0  ml  cos 65  0“  - 40.6  mJ 

EVALUATE:  When  < 90“ the  scalar  product  is  positise  and  when  $ > 90'  tbe  scalar  product  is  negative. 
iDl-VtifY:  Target  variables  are  A ft  and  Ihe  angle  fi  between  the  two  vectors.. 

SET  L’P:  We  arc  given  A and  B in  unit  vcclor  farm  and  can  take  the  scalar  produrt  using  Lq.(  1.19 1.  The  angle 
**  can  then  be  found  from  Lq.t  1 . 1 8). 
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Execute: 

(i)  A - 4.00i  + 3.00y\  6 = 5.00/  -2.00/,  >4  = 5.00,  ff-^5.39 
AB- (4.004  + 3.00/*)  • (5.00/  - 2.00/*)  ^ (4.00M5.00)  + (3.00X-2.00)  - 20.0  - 6.0  = +14.0. 
A B 14.0 


|b)  COS* 


-0.519;  & - 5S.7  . 


15.00115.39) 

EVALUATE:  The  component  of  B along  A is  in  the  same  direction  as  >4.  so  the  scalar  product  is  positive  and 
the  angle  * is  lew  than  90\ 

55.  IDF.VIIFN : For  all  of  these  paint  of  vectors,  the  anule  is  found  from  combining  liquations  (1.18)  and  1 1 .21 K to 


.(  B 


A R -t  A B 


give  the  angle  # as  ? - arecos 

AB  J \ AB 

SET  L’P:  I:q.(  1.14)  shows  how  to  obtain  the  components  for  a vector  written  in  terms  of  unit  vectors. 

Exm  ite:  (■)  AB  = -22.  A - ^40.  B ^ yJH.  and  «i  fi  - artciivi  , ' = l^S". 

W40  vli/ 

(b)  A B = 6QA* JTT.B-  JlW.  «Uareco*f-_£2 -28'’. 

<c>  A «=<)aiid  * = 90". 

EVALUATE:  If  A B>0,  0S*<90°.  If  A «<0,  90l'<*S180Mf  A B-0.  p - 90* aiui  ihc  i«o  v«tar*  an 
perpendicular. 

56.  IDEYI1FY:  A B - Ttfeos*  and  | A * b\  .4flwn* . where  $ is  the  angle  between  >4  and  B . 

SET  Up:  Figure  1.56  shows  A are!  B The  components  .4^  of  >4  along  B and  Ai  of  >4  perpendicular  to  B arc 
shown  in  Figure  1.56a.  The  components  of  B of  B along  A and  B A of  B perpendicular  to  >4  are  shown  in 
Figure  1.56b. 

EXECUTE:  (u)  From  Figures  1.56a  and  b.  A - .4cos£  and  Bt  - /Jeos^  . A B Alice*?  - BA  - AB 
(b)  .4.  = A%in?nn\  B,  - flsmf  |<  * B\  - ABtmj  - BAk  = ,4fl  . 

EVALUATE:  When  A and  B arc  perpendicular.  .4  his  no  component  along  B and  B has  no  component  along 
>4  and  A B - 0 . When  .4  are!  B are  parallel.  A has  no  component  perpendicular  to  B and  B hxs  tw  component 
pcrpctxltcular  to  >4  and  |>4  * b\  - 0 . 


1.57.  IDENTIFY:  A*  D his  magnitude  ADsxu?  . Its  direction  is  given  by  the  right-hand  rule. 

SET  UP:  * - 1 80°  - 53°  = 1 27* 

Execute:  |/i  » I)|  - (8.00  m|<10.0  m)sin  127°  - 63.9  m: . The  right-hand  rule  says  .4*0  is  xn  the 
-r -direction  I into  the  page). 

EVALUATE:  The  component  of  D perpendicular  to  A it  D,  - Osin 53.0°  - 7.00  m |.4  x /;|  AD  - 63.9  m‘ , 
which  agrees  with  our  prev  ious  result. 

1.58.  IDENTIFY:  Target  variable  is  the  vector  >4  * B%  expressed  in  terms  of  unit  vectors. 

SET  UP:  We  are  given  >4  and  B in  unit  vector  form  and  can  take  the  vector  product  using  Eq.(  1 .24). 

Execute:  A -4.ooi  * 3.00/,  B-  sow  -2.00/ 
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1.59. 


1.60. 


1.61. 


A*  B - (4.(Xl#:  + 3.00>)x(5.0)#:  - 2.00yj  - 20.0/  x i - 8.00#  x j * 1 5.0 j xi  - 6.CO j*  j 
Hut  ixi  -}*}-  0 and  ix  i-i . /x/=-*,  so  A * B - -8.00*  -t  I5.0l-i  I - -2304. 


The  magnitude  of  ix  23.0 

Evaluate:  Sketch  the  vectors  /4  and  # in  a coordinate  system  where  the  .tv-plane  is 
and  the  r-axis  it  directed  out  toward  vou. 


tlie  plane  of  the  paper 


By  the  right-hand  rule  .4  ' /?  ix  directed  into  the  plane  of  the  p:qier.  in  the  -r -direction.  TTiis  agreex  with  the 
above  calculation  that  used  unit  vectors. 

IDENTIFY:  TTic  right-hand  rule  gives  the  direction  and  Eq.<  1.22)  gives  the  magnitude. 

SETUP:  #-120.0*. 

EXECUTE:  (u)  The  direction  of  A*  B is  into  the  page  ithe  -r-direction  k Tlx  magnitude  of  the  vector  prodoc 
ix  AB  sin#  - ( 2.80  cm  ||  1 .90  cm  (sin  1 20  = 4.61  cm3 . 

(Ill  Rather  than  repeat  the  calculations.  Eq.  (1.23)  may  be  used  to  see  that  B*  A hax  mignitude  4.61  cm'  and  ix  i 
the  -tr -direct  ion  (out  of  the  page!. 

EVALUATE:  Tor  part  (a)  we  civuld  use  Eq.  ( 1 .27)  and  note  that  the  only  non-vanishing  component  is 
C = A B%  - A B =(2.80  cm|cox60.0°|-1.90  cm)sin60° 

-(180  Lm|Mn60.0:(1.90  tmlcmfiO-O11  - -4.61  an'. 

This  gives  the  xanx  result. 

IDENTIFY:  Area  ix  length  lines  width  Do  unit  conversions. 

SET  UP:  1 mi  - 5280  ft  . I ft'  = 7.477  gal . 

EXECUTE:  (u)  The  area  of  erne  acre  is  - mi  x—  mi  - ^ mi*,  so  there  arc  640  acres  to  a square  mile. 
IhHlacr.).!-:—  |«|  - 4J.560  ft" 


in 


640  acre ) \ 1 mi 

(all  of  the  above  conversions  arc  exact). 

(c| ( 1 acre -foot)  - (43,560  ft  )x  j ■ * ^ r~‘  J - 3.26  x 10'  gal.  which  is  rounded  to  three  significant  figures. 

EVALUATE:  An  acre  rs  much  larger  than  a square  foot  but  less  than  a square  mile.  A volume  of  1 acre-foot  is 
much  larger  than  a gallon. 

Idf.n  I1FY : The  density  relates  mass  and  volume.  Use  the  given  mass  and  density  to  find  the  volume  and  from 
this  the  radius. 

SET  UP:  Th:  earth  hax  mass  mt  - 5.97  x \(f4  kg  and  radius  rt  = 638x10*  m . The  volume  of  a sphere  is 
V =4^  • P = 1.76  gem*  - 1760  km  m‘ . 

Execute:  (a)  The  planet  has  mass  ni  - 5.5m*  - 3.28 x 103*  kg  . V - — — — — — — - 1.86x  10;*  m . 

‘ 6 p 1760  kg.  m* 

f_j3r)"_[M|.S6.K|-  ,„1  il64xlo-ni  = 164xlo.kni 

(b>r»2.S7rs 

EVALUATE:  Volunx  J'is  proportional  to  mass  and  radius  r is  proportional  to  V1  ’ . so  r is  proportional  to  m'  If 
tlx  planet  and  earth  hid  the  same  density  its  radius  would  he  | 5.5)‘  *rk  = l.&rt . The  radius  of  the  planet  ix  greater 
than  this,  so  its  density  must  he  less  than  that  of  the  earth. 
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1.67. 


1.68. 


1.69. 


Chapter 

EVALUATE:  Both  numbers  arc  crude  estimates  but  arc  probably  accurate  to  a few  powers  of  10. 

IDENTIFY:  Hie  number  of  particles  is  the  total  miss  divided  by  the  mass  of  on:  particle. 

SET  UP:  I mnl  - 6.0 x 101'  atoms . Th:  mass  of  the  earth  is  6.0  x |0  *4  kg  . The  mass  of  the  sun  is  2.0  x 10*  kg . 

Tlte  distanre  from  the  earth  to  the  sun  is  1 .5  x 101 ' m . The  volume  of  a sphere  of  radius  R is  ~xR  * . Protons  and 
neutrons  each  have  a mass  of  1.7x  10  * kg  and  the  mass  of  an  electron  is  much  lew. 

Execute:  (■>  <6.0xl0;,kg>-|  ' jj'  t ~ |=2.6xl0“aioim. 

(1>1  Tlte  number  of  neutrons  is  the  mass  of  the  neutron  star  divi&d  by  the  maw  of  a neutron: 

<2><20..0“kg)  

(1.7x10  * kg/neutron) 

(c>  Tlte  average  mass  of  a particle  is  essentially  ^ the  mass  of  cither  the  proton  or  the  neutron.  1.7*  10  ' kg.  The 
total  number  of  particles  is  the  total  maw  divided  by  this  average,  and  the  total  maw  is  the  volume  times  the 
average  density.  Denoting  the  density  by/7, 

u_  l-T>. *■'  * i"  :»>•  Ih.i-  kg  : |2x|^ 

»«  1.7x10-  kg 

7 '■ 

Note  the  oonvemon  from  gem’  to  kg  m\ 

Evaluate:  These  numbers  of  particles  arc  each  very,  very  large  but  are  still  much  less  than  a googol. 
IDENTIFY:  Let  I)  be  the  fourth  force.  Find  D such  that  A ♦ B > 1 4 /)  - 0 . so 
SET  L'P:  Use  components  and  solve  for  the  components  Dt  and  Df  of  D 
Execute:  a , - +^c<w30O°  = +S6.6N.  A,  = td«»3o.oDs  +SO.OON . 

Bt  - -BsmlW  - -40.00 N,  B,  - +Z*cos30.0:  = *09.28N  . 

Ct  = *fCcas53.0°  = -24.07  N.  C,  = -Csin 53.0*  = -31.90  N . 

Then  D --22.53N.  D = -87J4Nand  D-Jds+D*  =90.2  N . tana -If)  tD  1 = 87.34/22.53.  a = 75.54°. 
p = 180°  a - 256: . counterclockwise  from  the  -f  x«axis 

EVALUATE:  /Vs  shown  in  Figure  1.68,  since  D and  D are  both  negative.  D must  lie  in  the  third  quadrant. 


ff 


Figure  1.68 


IDENTIFY:  We  know  the  magnitude  and  direction  of  the  sum  of  the  two  vector  pulls  and  the  direction  of  one  pull 
We  also  know  that  w>c  pull  has  twice  the  magnitude  of  the  other.  There  are  two  unkrxiwns.  tlx  migmtudc  of  the 
smaller  pull  and  its  direction.  .T4  r = C and  A t + B - C give  two  equations  for  these  two  unknowns. 

SET  UP:  Let  the  smaller  pull  be  A and  the  larger  pull  be  B B = 2.4  . C - A + A has  magnitude  350.0  N and  is 
northward.  Let  +x  be  east  and  +y  be  north  B = -if  sin 25.0* and  B - flcos25.0° . C =0,  C =350.0  N . 

A must  have  an  eastward  component  to  cancel  the  westward  component  of  B There  are  then  two  possibilities,  as 
sketched  in  Figures  1.69  a and  b.  A can  have  a northward  corapooait  or  A can  have  a southward  competent. 
EXECUTE:  In  either  Figure  1 .69  a or  b.  A,  + B.  - Ct  and  B = 2 A gives  <2^is«n25XT  - A% inp  and  p = 57.7°  In 
Figure  1.69a.  A , C gives  2d  cos  25.0%  dcos57.7°  - 350.0  N and  A - 149  N . In  Figure  1.69b. 

2dcos25.0*  - dcos57.7*  - 350.0  N and  A - 274  N . One  solution  is  for  the  smaller  pull  to  be  57.7°  east  of  north 
In  this  case,  th:  smaller  pull  is  149  N and  the  larger  pull  is  298  N.  The  other  solution  k for  the  smaller  pull  to  be 
57.7"  cast  of  south  In  this  ease  the  smaller  pull  is  274  N and  the  hrger  pull  is  548  N. 
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1.70. 


1.71. 


EVALUATE:  For  th:  first  solution.  with  A cast  of  noth,  each  worker  has  to  exert  less  force  to  produce  the  given 
resultant  fi>rce  and  this  is  the  sensible  direction  for  the  worker  li>  null 


<a) 

Figure  1.69 

iDIXiitv:  Find  the  vector  sum  of  the  two  displacements. 

SET  UP:  Call  tlv  two  displacements  A and  B . where  A - 170  km  and  B - 230  km  . A 4 B - R .4  arxl  If  are 
as  shown  in  Figure  1.70. 

Execute:  R . - A , + Bt  = (170  km)  sin  6S°  + (230  km)  cos  48°  «=  31 1.5  km . 

R -A+Bx  -(170  km)  cos  68°  - ( 230  km)  sin  48*  = - 1 07.2  km. 


Jit; +R;  - ^(311.5  kmf  + (-107.2  km f 


330  km . tantf - 


107.2  km 
31 1.5  km 


0.344 . 


t>  - 19°  south  of  east . 


EVALUATE:  (>ur  calculation  using  components  agrees  with  R shown  xn  the  vectcff  addition  diagram.  Figure  1.70 

N(v) 


tm 


iDKVIin : At  B -C  (or  Bt  A -C).  The  target  variable  is  vector  A. 

SET  UP:  Use  components  and  Fq.(  1.10)  to  solve  for  the  components  of  A.  Find  tbc  imgnilixle  and  direction  of 
A from  its  components. 


Execute:  (u> 


= 4 + *.,  so  At=G-B' 

= A+Bt%  so  A,=C, -B. 

*C cos 22.0‘ = (6.40  cmlcos22.1T 
a +5.934  cm 

- Csm 22.0:  = (6.40  cmlsin  22.0° 

- +2J97  cm 

- Uco*<360:  -63.<T)  = (6.40  cm>cos 297.0 

- +2.906  cm 

- B sin  297.1T  = (6.40  cmlsin  297.0° 

= -5.702  cm 


Figure  1.71a 


<b)  A,  - Ct  - B,  = +5.934  cm  - 1906  cm  = +3.03  cm 
A=C,-Bt»  +2.397  cm  -(-5.702)  cm  = +8. 10  cm 


1.72. 


1.73. 


D,  ^ -1A'  + B.  + C,|  and  D%  - + B,  t C ) 

Execute: 


K 


Figure  1.73a 


.4,  = -lSOm.  ^ -0 

Bt  = flcos31S°  = <210  m>ci»3l5*« +148.5  m 
B,  = /J«n315°  = <210  m>*in3l5°  = -14K.5  m 
C4  = C cat 60:  = (2S0  m)cas60p  = +140  m 
C%  = C sin 60°  - (280  m)sin60:  = r242.5  m 


D,  = -iAt  +B,+C,)  = -(-180  m + 148.5  m - 140  ml  = -108.5  m 
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1.74. 


1.75. 


D,  - -M.  fj  + C,)--(0-  148.5  m + 242.5  m)t-94.0  m 


Figure  1.73b 


/)  - ^(-IOS.5  m>*  t(-94.0  ml'  ^ 144  m 
,08664 

A -108.5  m 
0 = 180*+ 40.9®  - 220.9= 

[ />  is  in  the  third  quadrant  since  both 
D and  D,  arc  nc  unlive  > 


The  direction  of  D can  also  be  specified  in  terms  of  ^ - 0-  IKCT  - 40.9°;  D » 4 lc  south  of  west 
EVALUATE:  The  vector  addition  diagram,  approximately  to  scale,  is 

v 


Vector  D in  this  diagram 
agrees  qualitatively  with 
our  calculation  using, 
components. 


figure  1.73c 

IDEMIIY:  Solve  for  ooc  of  the  vcctccs  in  the  vector  sum.  Use  competent*. 

SET  L’P:  Use  coordinates  for  which  +x  is  cast  and  ry  is  mxth.  The  vector  ditplaccnxnLs  arc: 

A - 2.00  km.  0°of  cast:  B = 3.50  m.  45°  south  of  cast;  and  R - 5 .80  m.  0°  east 

Execute:  Ct  = Rk-  At-  Bt  = 5.80  km  - • 2.00  km>  - ( 3.50  km H cos 45°)  = 1 .33  Ion ; C,  - Rt  - At  - B, 


= 0 km  - 0 km  - < -3.50  km  If  sin  45*)  = 2.47  km ; C = yjil  .33  km  )5  + < 2.47  km?  = 2.K  1 km  ; 

0 - tan  [( 2.47  km  \)\  1 .33  km  )]=  61  .7*  north  of  east.  The  vector  aJditKin  diagram  in  Figure  1 .74  show's  good 
qualitative  agreement  with  these  values. 

Evaluate:  The  third  leg  lies  in  the  first  quadrant  since  its  x and  v components  are  both  positive. 


Figure  1.74 


iDEVIltl : The  sum  of  the  vcctcc  forces  on  the  beam  sum  to  zero,  so  their  x components  and  their  y components 
sum  to  zero.  Solve  for  the  components  of  /•*  . 

SET  UP:  The  forces  on  the  beam  arc  sketched  in  Figure  1.75a.  Choose  coordinates  as  shown  in  the  sketch.  Tlx 
ICO  N pull  makes  an  angle  of  30 .0*  t 40.0°  - 70.0*  with  the  horizontal  F and  the  100-N  pull  have  been  replaced 
by  their  x and  v components. 

Execute:  (u)  The  sum  of  the  ^-components  is  equal  to  zero  gives  Fk  -t  (100  N (cos  70.0*  - 0 and  F\  - -34.2  N . 
The  sum  of  the  y components  is  equal  to  zero  gives  F%  (1 00  N >*in  70.0*  - 1 24  N - 0 and  F - +30.0  N . F and 


its  components  arc  sketched  in  Figure  1.75b.  F - ^F2  + F:  - 45.5  N . tan?  -LJ-  ^ % ^ and  d 


41.3°. 


directed  at  4 13*  above  the  -x  -axis  in  Figure  1.75a. 

<bf  The  vector  addition  diagram  is  given  in  Figure  1.75c.  F determined  from  the  diagram  agrees  with 
F calculated  in  part  (a)  using  components. 


F is 


1.7*. 


1.77. 


Evaluate:  The  >«tical  component  of  the  1 00  N pull  is  Ic*s  than  the  124  N weight  so  F must  haw  an  upward 
component  if  all  three  forces  balance. 

ICON 


Figure  1.75 


iDI-N  IlfV:  The  four  displacements  return  her  to  her  storting  point,  so  Dm-{A  + B + C),  where  A . B and 
C arc  in  the  three  given  displ&rcments  and  D is  the  displacement  for  her  return. 

START  UP:  Let  +j  tv  cist  and  + r he  north. 

Execute:  (u)  0 --{(147  km)xin85o+(106kin)wnl67o^{l66kin)sin235o]  = -34.3  km 
O - -((147  km  (cos  85:  +(106  km )cos  1 67° + (166  km)cos  235°)  =+185.7  km  . 


-34.3  Ion)*  +(185.7  km)*  ^-189  km. 


(h)  The  direction  relative  to  north  is  - arclan 


34.3  km 
185.7  km 


- 10.5°  . Since  D <0and  D >0 . the  direction  of  D 

• F 


is  10.5*  west  of  north. 

EVALUATE:  The  four  displacements  add  to  zero. 

I DEN  !1F\  and  Stir  L'P:  Tlx  vector  A that  comxcts  points  (r,,!,)  arxl  has  components  At  - x1  -r,and 

Af  v, . 


Execute:  (u)  Angle  of  first  line  is  0 - tan  'I  -I— — — I - 429.  Angle  of  second  line  is  42°  + 30°  - 72°. 

V 210-10  / 

Therefore  .V  - 10  + 250  cos  72®  = 87 . F - 20  + 250  sin  72®  = 258  for  a final  point  of  (87.258). 

(h)  The  computer  screen  now  looks  something  like  Figure  1.77.  The  Vmgth  of  the  bottom  line  is 

- 136  and  its  direction  is  tan  'I  — — !-  25®  below  straight  left. 

I 210-87  ) * 

EVALUATE:  Figure  1.77  rs  a vector  addition  diagram.  The  >ector  first  line  plus  the  vector  arrow  gives  the  vector 


Figure  1.77 
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1.78.  iDEVim : Let  the  three  given  displacements  he  A . B and  C . w here  A - 40  steps  . B - 80  steps  and 
C - 50  steps  . R - B ♦ C . Tlx  drsplaecnxnt  C that  w ill  return  him  to  his  hut  is  - R 
SET  UP:  Let  the  cast  direction  he  the  +x-direclx>n  and  the  north  direction  be  tlx  +y  direction. 

Execute:  (a!  The  three  displ&rcmcnts  and  their  resultant  arc  sketched  in  Figure  l .78. 

< l> > R,  - 1 40 ) cos 45: - |S0 )cos  60°  = -11.7  and  /?.  -(40|sm45°-f  (K0)sin60: -50  = 47.6. 

The  magnitude  and  direction  of  the  resultant  arc  ^(-1 1.7)'  + |47.6)'  - 49.  antonj  -i-^r  \ - 76° . north  of  west. 

We  know  that  R is  in  the  second  quadrant  because  Rt  < 0 . R >0  . To  return  to  the  hut.  the  explorer  must  take 
49  steps  in  a direction  76*  south  of  east,  which  is  14^  east  of  south. 

Evaluate:  It  is  useful  to  show  Rt  . R and  R on  a sketch,  so  we  can  specify  what  angle  we  are  computing. 

C 


Figure  1.7H 

1.79.  iDEVnFV:  Vector  addition.  One  vector  and  the  sum  are  given;  find  the  second  vector  (magnitude  and  direction!. 
SET  UP:  Let  + x be  cast  and  -*v  he  north.  Let  A he  the  displacement  285  km  at  4<>.0:  north  of  west  and  let  B 
be  the  unknown  displacement. 

B - R where  R - 115  km.  east 
B-R-A 

B =R  -Ar  B%  ^ R -A 

Execute:  A,  = -^cos 40.0°  = -2 18.3 km.  At  «+4xin40.0’  = +183.2  km 
R,  a 1 15  km,  R , -0 

Then  Bk  - 333.3  km.  Bt  =-183.2  km.  B - t B;  ^ 3K0  km. 


tan  a - \Bt  (183 2 km>{333.3  km) 

a - 2K.83.  south  of  cast 

EVALUATE:  The  southward  component  of  B cancels  tlx  northward  compcxnt  of  A.  The  eastward  component 
of  B must  he  1 15  km  larger  than  the  migmtudc  of  the  westward  component  of  A. 

1.80.  iDf.viifV:  Find  the  components  of  the  weight  force,  using  the  specified  coordinate  directicms. 

SETUP:  For  parts  |a)  and  (b  I.  take  -f.Y  direction  along  the  hillsadc  and  the  +Y  directii>n  in  the  downward 
direction  and  perpendicular  to  the  hillside.  For  put  (c),  a = 3S.0:  and  w - 550  N . 

Execute:  (id  h*4  = iron  a 
<l>!  H'  - ivcosa 

(c)  The  maximum  allowable  weight  is  w - - <550  N )/(sin35.0:>  - 959  N . 

Evaluate:  The  component  parallel  to  the  hill  increases  as  a increases  arxl  the  compocxnt  perpendicular  to  the 
hill  increases  as  a decreases. 


1.81.  iDEVlltY:  Vector  addition.  One  force  and  the  vector  sum  arc  given;  find  the  second  force 
SET  UP:  Use  components.  Let  +v  he  upward. 


H is  the  force  the  biceps  exerts. 


Figure  1 .8 1 a 

E is  the  force  the  elbow  exerts.  £ - B - R.  where  R - 132.5  N and  is  upward. 

£,*£.-£„  £,  ^R,-B% 

EXECUTE:  B - -tfsin43°^  -1SS.2  N.  B - +£ccw43'  - *169.7  N.  R ^-0.  R - *132.5  X 
Then  £ = +158.2  N.  Ef  = -37.2  N 
£ - JE1  + £:  - 1 60  X; 


Figure  1.81b 


tana-|£,  /£t|-37 .2/158.2 
o’  - 1 3°,  below  horizontal 


EVALUATE:  The  x-componcnt  of  £ cancels  the  v-conpcocnt  of  B.  The  resultant  upward  force  is  less  than  the 
upward  ccvnponent  of  B.  so  £.  must  be  downward. 

1.82.  IDEM1FY:  Find  the  vectcc  sum  of  the  four  displacements. 

SET  UP:  Take  th:  beginning  of  the  journey  as  the  ongin.  with  north  being  the  > -direction.  cast  the  .v-direclion. 
and  the  r axis  vertical.  The  first  displacement  is  then  (-30  m )k%  the  second  is  (-15  m» /,  the  third  is  (200  m)/. 
and  the  fourth  is  (100  ml  j. 

Execute:  i u > Adding  the  four  displacements  gives 

(-30  m)i  ♦ (-15  mi  j ♦•<200  m)/  + (IOO  m)>-(200  m)/+<85  m>/*-<30  mi  A. 

<b)  The  total  distaixe  traveled  is  the  sum  of  the  distances  of  the  individual  segments: 

30mrl5mt  200  m 1 100  m - 345  m.  Tlic  magnitude  of  the  total  displacement  is: 

D-jD;'tO;.D;  = ^(200  ml' -.(85  m)’  »(-30mV  -219  m 

EVALUATE:  The  magnitude  of  the  displacement  is  much  less  than  the  distance  traveled  along  the  path. 

1.83.  IDI-Min  : The  sum  of  the  force  displacenxnts  must  be  zero.  Use  coirgwocnts. 

SET  UP:  Call  th:  dcsplacements  A . B . C and  D . where  D is  the  final  unknown  displacement  for  the  return 
from  the  treasure  to  the  oak  tree  Vectors  A . B . and  C arc  sketched  in  Figure  1 .83a.  A ♦ B + C ♦ D -0  says 
A , + B,  + C4  + Dk  - 0 and  At  + B.  + C,  + D,  = 0 . A - 825  m . B - 1 250  m . and  C - 1000  m . Let  +x  be  eastward 
and  + v be  north. 

Execute:  (u)  At  + B.  +c;  +/).  - Ogives  Dt  -^/l.+4+CJ-HO-|l250m)siii30.(f-+|l«KlmIcift40.0a)--l41m. 
A,  *0.  + C,*0.  - 0 gives  Dt  --(/I,  + C, ) = -(-825 m + [1 250 mjeos 300° + [1000 m|sin 40.0*)  = -900 m . 

The  fourth  displacement  D and  its  components  arc  sketched  in  Figure  1 83b.  D - //>*  + D*  - 91 1 in  . 


tanfl  - 


90Q  m 


and  ^ -8.9'.  You  should  brad  S.9*  west  of  south  and  must  walk  911m. 
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1.85. 


1.86. 


<l»)  The  vector  diagram  is  sketeted  m Figure  1.83c.  The  final  dcsplaccnxnt  D tram  this  diagram  agrees  with  the 
vector  /)  calculated  in  purl  I a l using  components. 

Evaluate:  Note  that  D is  the  negative  of  the  sum  of  A . B . and  C . 


Figure  I A3 

IDENTIFY : If  the  sector  from  your  tent  to  Joe’s  is  A and  from  your  tent  to  Kart’s  rs  B . then  the  vector  from 
Joe’s  tent  to  Karl’s  is  B - A . 

SET  LtP:  Take  your  tent’s  position  as  the  origin.  Let  +*  he  east  arxl  +y  be  north. 

Execute:  Hie  poatkm  vector  for  Joe’s  tent  is 

(12 1 .0  mjeos  23°|/  -<[2 1 .0  m|s«n  23*>  j - (19.33  m)  j - (8.205  m)  j. 


The  position  vector  for  Karls  tent  is  ||32.0  m>:os  37°)r:  ♦(|32.0  m]sin  37°)/  -(2536  ml/  * (19.26  m )/ 

The  difference  between  the  two  positiems  is 

(19.33  m-  25.56  m )/  4 (-8.205  m- 19.25  m)y’--(6.23  m)i  -(27.46  ml/  The  magnitude  of  this  vector  is  the 
distance  between  the  two  tents:  D - -6.23  m )‘  4 (-27.46  m )*  - 28-2  m 

Evaluate:  If  both  tents  were  due  cast  of  yours,  the  distance  between  them  would  be  32.0  m-21.0  m-  1 7.0  m . 
If  Joe's  was  doc  north  of  yours  arxl  Karl’s  was  due  south  of  yours,  then  tbc  distance  between  them  would  be 
32.0  m + 21.0  m - 53.0  m . Tbc  actual  distance  between  them  la^s  between  these  limiting  values. 

Identify:  In  Lqs.(  1 .21 ) and  (1.27)  write  tte  components  of  A arxl  B in  terms  of  A.  B*  0t  and  0k . 

SETUP:  From  Appendix  IT  cosftr  - b)  - cosacos6-f  sintfsinfraixi  smltf-6) -sindcos6-cosdsm6. 

Execute:  (u)  With  4 - * - 0 . Eq.(l.2l) becomes 
AtB>  + A%Bf  - (.4  cos 0A )( B cos  0k)+(A  sin  0A |(  B sin  0M  ) 

AtBt  + A Bt  - AB(  cos  0A cos  r sin  0,sin  ) - .!/?cos|  0A  - 0M ) - AB  cos  f . where  the  expression  for  the  cosine 

of  the  difference  between  two  angles  has  been  used. 

<l»  With  .4  - 5.  = 0,  C - C k and  C»|C  |.  From  l:q.(  1.27). 


K'l  - \A  B'  - ) A )(fl  «n  0, )-{A  'in  0,  ||  B co*  0A  )| 

|C’|  - AB  J:os  0A  %in0k  - sin  0 1 cos  0J  | - AB^un(Be-0A  )|=  ABsmf  . where  the  expression  for  tbc  nne  of  the 
dilTcrenec  between  two  angles  has  been  used. 

EVALUATE:  Since  they  arc  equivalent,  we  may  use  either  liq.l  1 . 18)  or  ( 1 .2 1)  for  the  scalar  product  and  otter 
( 1 .22)  i>r  (1.27)  for  the  vector  product,  depending  on  which  is  the  more  convenient  in  a given  application. 
Identify:  Apply  Eqs.(l.l8)  and  (1.22). 

SET  UP:  The  angle  between  tte  vectors  is  20°  ♦ 90°  ~ 30*  - 140°. 

EXECUTE;  (u)Eq.  (1.18)  gives  A B 13.60  m 1(2.40 m)cos  l4(r--6.62  m1. 


(b)  From  Fq.il.  22).  the  magnitude  of  If*  cro»  product  is  (3 .60  in  )(2.40  m|'ln  1 40°  -5.55  m‘  and  the  direction, 
from  tte  right-hand  rule,  is  out  of  the  page  (the  +r -direction  ). 

EVALUATE:  We  could  also  use  Eqs<  1 .2 1 ) and  1 1 .27).  with  tte  components  of  A and  B 
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1.87.  IDENTIFY:  Compare  the  magnitude  of  the  cross  product.  .4tfsin#  . to  the  area  of  the  parallelogram. 

S»:r  UP:  The  twxi  sides  of  tlx-  parallelogram  haw  lengths  A and  B . # is  the  angle  between  A and  B . 

Execute:  i a > The  length  of  the  bate  is  B and  the  bright  of  the  parallelogram  it  .Jsind.  so  the  area  is  ,f#un#  . 
That  equals  the  magnitude  of  the  cross  product. 

< l>  > The  cross  product  Ax  B i 1 perpendicular  to  the  plane  formed  by  A and  B . so  the  angle  is  90°  . 

Evaluate:  It  is  use  till  to  consider  the  special  ewes  # - 0'  , where  th:  area  is  zero,  and  # - 90° . where  the 
paralklogram  becomes  a rectangle  and  the  area  it  AB. 

1 .88.  IDENTIFY:  Use  fiq.l  1 27)  for  the  components  of  the  vector  product. 

SETUP:  Use  coordinates  with  the  -t.t*axn  to  the  right  -M**a\is  toward  the  tup  of  the  page,  and  +r*att  out  of 
the  page.  A,  =0.  At-  0 and  .4  - -3.50  cm  . The  page  is  20  cm  by  35  cm.  so  B . - 20  cm  and  B . - 35  cm  . 
Execute:  (/ix/r)  - I22cm\(/ix  b)  =-70cm\(^x  A)  ^o. 

EVALUATE:  From  the  coirpooenLs  we  calculated  th:  nugmtixle  of  the  vector  produrt  it  141  cm* . 

B - 40.3  cm  and  # - 90' . so  AB* in#  - 141  cm* , which  agrees. 

1.89.  IDENTIFY:  A and  B arc  given  in  unit  vector  fenn  Find  /I.  B and  the  vector  ditTcrcncc  A-B 

SETUP:  A - -2.00f  r 3.00y:  + 4.004 . B - 3.<K>i  + 1.00/ -3.00* 

Use  Fq.<  1.8)  to  find  the  magnitudes  of  the  vectors. 

EXECUTE:  (■>  A - Ja;  - a;  - a:  - J<-2.00\’  -t(3.CM))!  -♦  <4.00>J  - 5.3S 

B - Jb;  . flf  » # - jd.GOy  Hl.cxn'  -(-3.00)’  - 4.36 

(b)  A - B - (-100 i - 3.00/ - 4.00*1  - (3.01V  r 1.00/ -3.00*) 

A-B-  (-100 -3.00V  - (3.00  - 1 .00) } . (4.00  - (-3.00(1*  - -SOW  * 2.W j - T.ttl*. 

(c)  Let  C - A - B.  to  C,  - -5.00.  C,  - -2.M.  C.  - -7.00 

f-jcftc;  fC;  - J(-5.00IJ-.(2.00>*  K7.00)-  -8.83 

B-A--IA-B).  «>  A-B  and  B - A hair  the  'an#:  iragmlixlc  bill  opposite  directions. 

EVALUATE:  A%  B and  C arc  each  larger  than  any  of  their  components. 

1 .90.  IDENTIFY:  Calculate  the  scalar  product  and  use  Kq.f  1.18)  to  determirx  # . 

SET  UP:  The  unit  vectors  are  perpendicular  to  each  other. 

EXECUTE:  The  dircctxin  vectors  each  have  tmgnnudc  J5 . and  then  scalar  product  is 
(l)(l)+(l)(-l)+{l)(-l)=-l,  so  from  I:q.  1 1 18)  the  angle  between  th:  bonds  is 

-arecosj -i|-109°. 

EV  ALUATE:  The  angle  between  the  two  vectors  in  the  hood  directions  it  greater  than  90' . 

1 .91.  IDF.YUFY : Use  the  relation  derived  in  part  (a)  of  Problem  1 .92:  C'  - A:  B'  ♦ 2AB  cot#.  where  # is  the  angle 
between  A and  B . 

SETUP:  cos#^0for  #-90'.  cos#  <0  for  90*  < # < 1 80°  and  cos#  >0  for  0a<#<90°. 

EXECUTE:  (u)  If  C3  - A1  -t  B\  cos  # - 0.  and  the  angle  between  A arxl  B is  90°  (the  vectors  arc 
perpendicular). 

<bl  If  C1  < A:  + B\  cot#  < 0.  and  the  angle  between  A and  B is  greater  than 90°  . 

(c)  If  C3  > A:  -t  B\  cos#  > 0.  and  the  angle  between  1 and  B it  lets  than  9C\ 

EVALUATE:  It  is  easy  to  verify  the  expression  from  Problem  1.92  for  the  special  cases  # - 0 . where  C - A -t  B , 
and  for  #*180°, where  C-A-B. 

1 .92.  Identify  : Let  C - A+  B and  calculate  the  scalar  product  C • C . 

SET  Up:  For  any  vector  V . V}^  af1.  A-B  - ABca*$ . 

Execute:  (u)  Use  the  linearity  of  the  dot  product  to  show  thu  the  square  of  the  magnitude  of  the  sum  A ♦ B is 


4+bUa+B)*A  A + A BiB  A + B B*A A + B B+2A  B A*  + B*+2A-B 


-A3  + B:  + 2AB  cos* 


U-B\  -ft -5.00 )’  .(2.00)' 

Execute:  U*BUAB% ioO.  UnO-l 1--^ -0.S9K4  urvl 

1 1 .IB  (3-00)(3.00) 

ff-un' (0.5984) -36.8°. 

Evaluate:  Wc  haven't  found  I ami  B .just  the  angle  between  them 
.97.  (a) IDENIIFV:  Prove  that  A (fl -<■)  = (/<•  B)-t. 

SET  Up:  Express  Ibc  scalar  and  vector  products  in  terms  of  components. 

Execute: 

a{bxc)=a.{b*c)+a,{b*c)*ai(b*c) 

A (it  x c)  = A.  (B.C,  - BC.  )*A,{BtC.-B.C)  + A(  B.C,  - B.C . ( 
(AfB)C-.{A>B)C^B)C,(A^)C 
f A*B)  C = {AB' -ABje  ^AB'-AB^C  +( A 8,  -AB.)C 
Comparison  of  the  expressions  for  A-\B*C\  and  j A * B | C shows  tlxy  contain  the  same  terms,  so 

< t» > IDENTIFY:  Calculate  [A*  i)*C,  given  the  magnitude  and  direction  of  A.  B . and  C 

SET  Up:  Use  Eq.(  1 .22)  to  find  the  magnitude  and  direction  of  A * B Then  we  know  the  components  of  A * B 

and  of  C and  can  use  an  expression  like  Eq.|  1 .21 ) to  find  the  scalar  product  m terms  of  components. 

Execute:  ^ = 5.00;  oa  = 26.0°;  0-4.00,  0,-65.cr 
- AB%inj. 

The  angle  ^ between  A and  B is  equal  to  0A  - 63.0*  - 26.0*  - 37.0°.  So 

|.4*fl|  ^<5.00M4.00>sin37.0:-  12.01.  and  by  the  right  hand  rule  A > B is  in  the  +r -direction.  Thus 

[A  * B)  C - (12.04K6.00)  - 72.2 

EVALUATE:  A*  B is  a vector,  so  taking  its  scalar  product  with  C is  a legitimate  vector  opcraticei.  | A > B | C 

is  a scalar  product  between  two  vectors  so  th:  result  is  a scalar. 

.98.  IDF.YI1FY:  Use  the  maximum  and  minimum  values  of  the  dimensions  to  find  the  maximum  and  minimum  areas 
and  volumes. 

SET  Up:  for  a rectangle  of  width  If  and  length  /.  the  area  is  /.If.  for  a rectangular  solid  with  dimensions  /..  If 
and  //  the  volume  is  LWH. 

Execute:  (u)  The  maximum  and  minimum  areas  arc  ( L t-  / )( If ’ -t  w)  - Ilf  +/lf  + Lw. 

- »»•)  = LW  - IW  - Lw.  where  th:  common  terms  tr#  have  been  omitted  The  area  and  its  uncertainty  arc 
then  MX  ± (IW  + LwX  so  th:  uncertainty  in  the  area  is  a - /If  •*  Lw. 

(b)  Tltc  fractional  uncertainty  in  th:  area  is  — I — 1-  -L  + 2-..  the  sum  of  the  fractional  uncertainties  in  th: 

A H /.  L II 

length  and  wxlth. 

(c)  Tlic  similar  calculation  to  find  th:  uixcrtainty  x in  the  volunv  will  involve  neglecting  the  terms  ML  /H7i  and 
Lw'h  as  well  as  /w/i;  the  uncertainty  in  the  volume  is  v = /If//  + LwH  ♦-  LWh.  and  the  fractional  uncertainty  in  the 

, . v /If//  -f  LwH  ♦ III7j  l w h _ . . ......... 

volume  is  — — t — * — . the  sum  of  the  fractional  uncertainties  in  the  leneth,  width  and 

V LWH  L W H 

height. 

EVALUATE:  The  calculation  assumes  the  uncertainties  arc  small,  so  that  terms  involving  pnxlucts  of  two  or  more 
uncertainties  can  be  neglected. 

.99.  IDF.M1FY:  Add  the  vectcff  displaccnxnts  of  the  receiver  and  then  find  the  vector  from  the  quarterback  to  the 


Set  Up:  Add  the  x*componcntx  and  the  v*<xi implements. 
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EXECUTE:  The  receiver's  position  is 

[(+1.0  + 9.0  - 6.0  + 1 2.0)  yd]i  4-  [( -5.0  + 1 1.0 + 4.0+ 1 8.0)  >xl]  j -( 1 6.0  >d )/  + ( 28.0  yd ) } . 

The  vector  from  the  quarterback  to  the  receiver  is  the  receiver's  position  minus  the  quarterback’s  position,  or 
1 1 60  yd )f  4- ( 35.0  yd )j , a vector  with  magnitude  ^(16.0  yd);  +- (35.0  yd):  - 38.5  >d  . The  angle  is 

arctanl  — I - 24.6°  to  the  right  of  downficld. 


Evaluate:  The  sector  from  th:  quuterback  to  receiver  has  positive  X’Compooait  and  positive  r-compcoieni. 
Idem  IF Y : Use  the  .r  and  v coordinates  for  each  object  to  find  the  vector  from  one  object  to  the  other,  the  distance 
between  two  objects  is  the  magnitude  of  this  vector.  Use  the  scalar  product  to  find  the  angle  between  two  vectors. 
SET  Up:  If  object  A has  coordinates  (xA%yA ) and  object  B has  coordinates  the  vector  ?A  from  A to  B 

has  v-coirponcnt  xM  -x^and  v component  vA  — yA . 

Execute:  la)  Tlic  diagram  is  sketched  in  Figure  1.100. 

<b)(i)  In  AU.  J(0.3I82)J  f <0.9329);  =0.9857. 

(li)  In  AU.  J(l_3<»7>;  < -0.442 J>:  t (-0.01 14)!  - I .3820. 

(nil  In  AU  JlO.3l82-l.JIK7)1  -»(0.9329- (-0.442 J));  »(0.(MI4)-  = I *95. 

(c)  The  angle  between  the  dirccticeis  tram  the  Earth  to  the  Sun  and  to  Mars  is  obtained  from  tbc  dot  product. 
Combining  Equations  (1.1 8>  and  (1.21), 


$ - arecos 


r I -0.3 182«  1.3087  - 0.3182)  + l -0.9329 K -0.4423  - 0.9329)  + (0) 
1.0.9857)1.695) 


-54 


(d)  Mars  could  not  have  Ixen  v isible  at  midnight,  because  the  Sun- Mars  angle  is  less  than  90\ 

EVALUATE:  Our  calculations  correctly  give  that  Mars  is  farther  from  the  Sun  than  the  earth  is.  Note  that  on  this 
date  Mars  was  farther  from  the  earth  than  it  is  from  the  Sun 


Figure  1.100 

Identify:  Draw  the  vector  addition  diagram  for  the  position  vectors. 

SET  UP:  Use  coordinates  in  which  the  Sun  to  Mcrak  line  lies  alcoig  the  x-axis.  Let  A be  the  position  vector  of 
Alkaid  relative  to  the  Sun.  M is  the  position  vector  of  Menk  relative  to  the  Sun.  and  R is  the  position  vector  fee 
Alkaid  relative  to  Mcrak.  A - 138  ly  and  M —77  ly . 

Execute:  The  relative  positions  arc  shown  xn  Figure  1.101  + At  -Mt  +/?,  so 

R,  - At-  Si  t - (138  ly)co*25.6°-77  ly  = 47.5!y.  R,  - At  - A/.  =(138  lyUin  25.6*- 0 = 59.6  ly.  = 76.2  lyis 

the  distance  between  Alkaid  and  Mcrak. 

(h)  The  angle  is  angle  6 in  Figure  I 101.  cos  0 - — - ■-  and  0=51.4°  . Then  18O*-0  - 129°  . 

R 76.2  ly 

Evaluate:  The  concepts  of  vector  addition  arc!  campoomts  make  these  calculations  very  single. 


Figure  1.10 1 


I -.10 


1.102. 


Chapter  1 

IDENTIFY : Define  S - At  + fij  + Ck  . Show  that  r S-0if>4x+fly+Cr-0. 

SET  UP:  Use  Eq.(l.2l)to calculate  the  scalar  predict. 

Execute:  r •£=(*/  -t  >7+ r*  )•< Ai  -t  Bj+Ck ) — Ax  *t  fly+Cr 

If  ihc  points  satisfy  /U*  *f  fly  + Cr  - 0,  then  r .V -0  and  all  points  r arc  perpendicular  to  S . The  vector  and  plane 
arc  sketched  in  figure  1 102. 

EVALUATE:  If  two  vectors  are  perpendicular  their  scalar  product  is  zero. 


Motion  Along  a Straight  Line 


2 


2.1.  IDENTIFY:  The  average  velocity  is  vM>(  - — . 


SET  UP:  Let  he  upward. 

_ . % IOIO  m -63  m 

Execute:  <u>  >•  % 


^7  m s 


(b)  l''‘™  - 1 0*>  m'v 


Evaluate:  For  th:  first  1 . 1 5 s of  the  flight,  v 


m - 


54.8  m'j  When  the  vclceitv  isn’t  constant  the 


average  velocity  depends  on  the  time  interval  chosen  In  this  motion  th:  velocity  is  increasing. 

2.2.  IDENTITY : V - — 

Aj 

SET  UP:  1.15  days  - 1.166x10*  %.  At  the  release  point.  j-  *5.150x|0‘  m . 


Exec  ute:  (■>  v*  = 


5.150x10*  m 


- -4.42  ms 


Aj  1.166x10  s 

<h>  For  the  rv>und  trip.  ,v;  - x{  and  Ar  - 0.  The  average  velocity  is  zero. 

EVALUATE:  The  average  velocity  for  the  trip  from  the  nest  to  the  release  point  is  positive. 

2.3.  IDENTITY:  Target  variable  is  the  time  Ar  it  takes  to  make  the  trip  in  heavy  traffic,  l.sc  Eq.(222)  that  relates  the 
average  velocity  to  the  displacement  and  average  time. 

SKI  tip:  »•  >±L  w A*«v  A/  and  Af  - — . 

A/  — v 

EXEC  UTE:  Use  the  information  given  for  normal  driving  conditKins  to  calculate  the  distance  between  the  two 
cities: 

Ay  - »v...Ar  =(105  km/h  XI  h 60  minMUO  mini  = 245  km 
Now  use  r Uk  heavy  traffic  to  calculate  Aj:  Av  is  the  same  as  before. 


Ar  245  km 
km  h 


3.50  h -3  h and  30  nun. 


The  trip  takes  an  additional  1 hour  and  10  minutes. 

EVALUATE:  The  time  is  inversely  proportional  to  th:  average  speed,  so  the  time  in  trafiV  is 
(105.' 70X140  m)  = 210  min. 

2.4.  IDENTITY : The  average  velocity  is  v ( - . Use  the  average  speed  for  each  segment  to  find  the  time  traveled 

in  that  scgiwnt.  The  average  speed  is  the  distance  traveled  by  the  tin*:. 

SET  UP:  The  post  is  80  m west  of  the  pillar  The  total  distance  traveled  is  200  m + 280  m - 4X0  m . 

Execute:  (u|  The  eastward  run  takes  time  40.0  s and  th:  westward  run  takes  - S>~  M 70.0  s The 

5.0  m s 4.0  m s 


average  speed  for  the  entire  trip  is  — 4.4  . 

(hi  v - — = — S — — -0.73  m s . The  average  velocity  is  directed  westward 
~ Af  110.0  s * 
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EVALUATE:  The  displacement  is  much  lew  than  the  distance  traveled  and  the  magnitud:  of  the  average  velocity 
is  much  less  than  the  average  speed.  The  average  speed  for  the  entire  trip  has  a value  that  Iks  between  the  average 
speed  for  the  two  scgnxnts. 

2.5.  IDENTITY:  When  they  first  meet  the  sum  of  the  distances  tlvy  hive  run  is  2(H)  m 

SET  Up:  Each  runs  with  constant  speed  and  continues  around  th:  track  in  the  same  direction,  so  the  distance  each 
runs  is  given  by  d - w . Let  the  two  runners  he  objects  A arxi  B. 

Execute:  (u)  d.+dk-  200  m . so  (6.20  ms  )t  + (5.50  msU  - 200  m and  r - 17.1  s . 

1 1 .70  m s 

< 1> > dA  = vj  - (6.20  nv’x)fl7.1  s)  - 106  m dk  - vj  -<5.50  m'sKI7.l  s)  -94  m Th:  faster  runner  will  be  106  m 
from  the  starling  point  and  the  slower  runner  will  be  94  m from  the  starting  poant.  These  distances  arc  measured 
around  the  circular  track  and  an:  not  straight- lira:  distances. 

Evaluate:  The  faster  runner  runs  farther. 

2.6.  IDENTITY:  To  overtake  th:  slower  runner  the  first  time  the  fast  runner  must  run  200  m farther.  To  overtake  the 
slower  runner  the  second  time  the  faster  runner  must  run  400  m farther 

SET  UP:  r and  x\.arc  th:  same  foe  the  two  runners. 

Execute:  (u)  Apply  r - xv  - »•,  t to  each  runner  ( x - .Y<t)r  - (6.20  mx)f  and  ( x - x9  \ - <5.50  m’s)f . 

(y -r»  - ( x - Y ) ♦ 200  m gives  (6.20  m s)t  = (5.50  mfrW  + 200  m and  t A' 2K6  s . 

49t  0 4 * 6.20  ms  -5  50  ms 

(.Y-A,),  =1770  mand  I.Y-X,),  - 1570  m 

<b>  Repeat  the  calculation  but  now  (x  - a*),  - (x  - xt),  400  m / - 572  s . The  fast  runner  has  traveled  3540  m 
lie  has  made  17  full  laps  for  3400  m and  140  m post  the  starting  lira:  in  this  !S“  lap. 

Evaluate:  In  part  (a)  the  fast  runner  will  have  run  8 laps  for  1600  m and  will  be  170  m past  the  starting  line  in 
his  9“  lap. 

2.7.  IDENTITY:  In  time  f*  the  S-waves  travel  a distance  d - i \t^  and  in  tinK  t,  the  P- waves  travel  a distance 
SETUP:  L = /,  + 33  x 


d d 

Execute: ^ 33  s 

vi  »v 


3.5  km  s 6.5  km  s 


33  s and  250  km. 


Evaluate:  The  times  of  travel  for  each  w av  e are  \ - 71  s and  f,  - 38  s . 

Ar 

2.8.  Identity:  The  average  velocity  is  v-#.#  - — . Use  x{t) to  find  x for  each  /. 

Af 

SET  Up:  x<0>  ^ 0 , x(2.00  s)  ^ 5.60  m . and  x<4.00  s)  - 20.8  m 

Execute:  m>  v„.  ; - ^ 1 — . .-.2,80  mi 

(b>  v — ^ .5.20  m* 

' 4.0l>i 

. 20.8  m -5.60  m _ 

<«>  v~  " TWl “ 

Evaluate:  The  average  velocity  depends  on  th:  Ixrra:  interval  being  considered. 

2.9.  (a)  IDENTIFY:  Calculate  the  average  velocity  using  liq.(2 .2). 

Ay 

SET  Up:  so  use  x(/>  to  find  the  displaccnxnt  Ay  for  this  time  interval. 

A/ 

Execute:  #-0:  .y-o 

I - 10.0 1:  r - (2.40  in VH10.0  *)'  -(0.120  mVwiO.O  i)‘  = 240  m - 120  m - 120  in. 


Then  i = — - 1^1  = 12 .0  mV 
A/  10.0* 

|b>  IDENTITY:  Use  Elq.|2.31  to  calculate  » (/(  and  evaluate  this  expression  at  each  specified  /. 


SETUP:  v - _ - 2ht  - 3r/\ 

* dt 

Execute:  (i)  / - 0 : v,-0 

(li)  I - 5.0  *:  v,  -2(2.40  m/i’MS.O  *)-  5(0. 120  tm'*'K5.0  i)1  * 24.0  m'l  -9.0  m'l  - 15.0  mi. 

(Hi)  1 = 10.0  %:  v - 2(2.40  mV  1(10.0  *)  - 3(0. 120  m *‘ 1(10.0  *);  - 4K.0  mb  - 36.0  m i - 12.0  mb. 
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(cl  IDENTIFY  : Find  the  value  of  / when  v4(/)  from  pari  <bl  rs  zero. 
SETUP:  \\=2bt-  3cf s 


2.10. 


2.11. 


2.12. 


v4  ■ 0 at  r - 0. 

v4  = 0 next  when  2ht  - 3 rf 3 - 0 

Extent  = 

3c  30(120  mV) 

EVALUATE:  i4(f)  foe  this  motion  says  the  ear  starts  from  rest,  speeds  up.  **>d  then  siows  down  again. 

Idem  IF Y and  SET  Up:  The  instantaneous  velocity  is  the  slope  of  the  tangent  to  the  t versus  / graph. 
Execute:  la)  The  velocity  is  zero  where  th:  graph  is  horizontal:  point  IV. 

<b)  The  velocity  is  constant  and  positive  where  the  graph  is  a straight  line  with  positive  slop:;  paint  I. 

(c)  The  velocity  is  constant  and  negative  where  the  graph  rs  a straight  line  with  negative  slope;  point  V. 

(cl I The  slope  is  positive  and  increasing  at  point  11. 

(()  The  slope  is  positive  and  decreasing  at  point  III 
EVALUATE:  The  sign  of  th:  velocity  indicates  its  dirceticei. 

Identify:  The  average  velocity  is  given  by  \ - — . We  can  find  the  displacement  A i for  each  constant 

A f 

velocity  time  interval.  The  average  speed  is  the  distance  traveled  divi&d  by  the  time. 

SET  Up:  For  / - 0 to  1 - 20  s , v4  - 2.0  m s . For  t - 2.0  s to  / - 30  s , v4  - 3.0  m s . In  part  (b). 


V4  - -3.0  m/s  for  / -2.0  s to  / - 3.0  s . When  the  velocity  is  constant.  Ax  - v.A/ . 

Exec  i’TE:  (u>  For  / - 0 to  / - 2.0  s , Ar  - (2.0  m/sK2.0  s)  - 4.0  m . Few  t » 20  s to  t - 3.0  s. 

Ay  - (3.0  m'sX  1 .0  x)  - 3.0  m . For  the  first  3.0  s.  Ar  - 4.0  m ^ 3.0  m - 7.0  m . The  distance  traveled  is  also  7.0  m 

The  average  velocity  is  v ■ 2 A3  mi's  . The  average  speed  is  also  2.33  m s. 

Al  3.0  s 

(b)  For  / - 2.0  s to  3.0  x.  Ar  - (-3.0  m s(l  .0  s)  - -3.0  m . For  the  first  3.0  x.  Ar  - 4.0  m * (-3.0  m)  = tl.0m. 
The  dog  runs  4.0  m in  the  -f x -direction  and  then  3.0  m in  the  - x -direction.  >o  the  distance  traveled  is  still  7.0  m. 


li  1.0  m 


v — 


\( 


7.00  m 

33  m s . The  average  speed  is 2.33  m s . 

^ * 3.00  s 


3.0x 

EVALUATE:  When  the  motion  is  always  in  th:  same  direction,  the  displacerrcnt  and  the  distaixe  traveled  are 
equal  and  the  average  velocity  has  the  same  magnitude  as  the  average  speed.  When  the  motion  changes  direction 
during  the  tin*:  interval,  those  quantities  are  different. 

Av 

- — - . The  instantaneous  acceleration  is  the  slope  of  the  tangent  to  th:  v versus 


IDENTIFY  and  SET  UP: 
f graph 

Execute:  (uiOsto 


Is: 


0 ; 2 s to  4 x:  a -1.0  m s5 ; 4 s to  6 x:  a = 1 .5  m.V ; 6 s to  S s 


- 2.5  ms* ; 8 s lo  10s:  a - 2.5  ms' ; 10  x to  12  x:  a^A  - 2.5  mV;  12  s to  14  s:  a„t  - 1.0  mV* : 14  s to 


16  s:  att  t - 0 . The  acceleration  is  not  constant  over  the  entire  16  s tim:  interval.  The  acceleration  is  constant 
between  6 s and  12  s. 

(b|  The  graph  of  v4  versus  t is  given  in  Fig.  2.12.  t - 9s:  *r4  - 2.5  mV : /-13s:  o,  - 1.0  mV ; I =15  s : «?4  - 0 . 
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2.13. 


EVALUATE:  The  acceleration  is  constant  when  the  velocity  changes  at  a constant  rate.  When  the  velocity  is 
constant,  the  accelcraticei  is  zero. 


»W 


SET  L’P:  Assume  the  car  is  moving  in  tlx  *t.r  direction.  1 mih  - 0.447  la's  . so  60  mi  h - 26.S2  m/s  . 
200  mi.  h - 89.40  ms  and  253  nuh  - 113.1  mb. 

Execute:  (u>  The  graph  of  v.  versus  / is  sketched  in  Figure  2. 13.  Tlx  graph  is  not  a straight  line,  so  the 
acceleration  is  not  constant. 

— 12.S  ms  u)  a 3.50  mV  mu 

' ' a i n i ' ' 


IbKi)  * 


2.1 

13.1  mrs  — S9.40  ms 


20.0  s-2.1  x 

- 0.718  m s* . The  slope  of  the  graph  of  i versus  r decreases  as  / increases.  This  is 

53  s -20.0  s 

consistent  with  an  average  acceleration  that  decreases  in  magnitude  during  each  successive  time  interval. 
EVALUATE:  The  average  acccleratxm  depends  on  the  chosen  time  interval  For  the  interval  between  0 and  53  *s 
113.1  m's-0 


2.13ms* . 


.ImiAil 
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2.14.  IDENTIFY:  . at((  I is  the  slope  of  the  v,  versus  / graph. 

Ar 

SET  UP:  60  km  h ^ 16.7  m s 

..  - w v 16.7m/i-0  0-16.7  m s „ lX 

Execute:  (a)(i)a  - 1.7  ms*,  (u)  a. --1.7aife  . 

10  s 10  s 

(iii)  Av4  - 0 and  a4,  A = 0 . (iv)  Av,  = 0 and  a4IA  = 0 . 

<b>  At  t - 20  x , v.  is  constant  and  a,  - 0 . At  t - 35  s , the  graph  of  vt  versus  / is  a straight  liix  and 
a,  = a,  .t  - -1.7  m V . 

Evaluate:  When  ami  v have  the  same  sign  the  speed  is  increasing.  When  they  have  opposite  sign  the 
speed  is  decreasing. 

dx  dv 

2.15.  IDENTIFY  and  SET  Up:  Use  i4 and  a , to  calculate  v4(l)  ami  a4(f). 

dl  <il 


Execute:  v - — - 2.00  cm  s - t o.  1 25  cuts*  y 


a - — L - -0. 125  cm's* 

* dt 

(a)  At  1 - 0.  x = 50.0  cm.  v4  « 2.00  cmV  a,  - -0.125  cm's1. 

(b)  Set  v,  =0  and  solve  for  r.  1 = 16.0  x. 

(c)  Set  x - 50.0  cm  and  solve  for  /.  This  gives  / - 0 and  / - 32.0  s.  The  turtle  returns  to  the  starting  point  after 
310  x. 

(dl  Turtle  is  10.0  cm  from  starting  paint  when  x - 60.0  cm  or  x - 40.0  cm. 

Set  x =-  60.0  cm  and  solve  for  /:  f - 6.20  s and  / = 25.8  *. 

At  r - 6.20  s.  va  ■ +1 .23  cm  x. 

At  r - 25.8  s.  v,  =-1.23  cm's. 

Set  x - 40.0  cm  and  solve  for  /:  I - 36.4  x (other  root  to  the  quadrate  equation  is  negative  and  hence 
nonphysical). 

At  r = 36.4  s.  v,  = -2.55  cm's. 

(c)  The  graphs  are  sketched  in  Figure  2. 1 5. 

rx  x 


Figure  2.15 

Evaluate:  The  acceleration  is  constant  and  negative,  i,  is  linear  in  time.  It  is  initially  positive,  decreases  to 
zero,  and  then  becomes  negative  with  increasing  magnitude.  The  turtle  initially  moves  farther  away  from  the  origin 
but  then  stops  and  moves  in  the  — x -direction. 

2.16.  IDENTIFY  : Use  Hq.12.4).  with  As  - 10  s in  all  cases. 

Set  Up:  v.  is  negative  if  the  motion  is  to  the  right. 

Execute:  (u>  ((S.0m'-i)-(l5.0nv*)V(l0s)--l.0nv*> 

<1>)((— IS.Omfe)— (-S.0mfr))/(l0  -1.0  m'*1 

<c)  ((-15.0  n^s) -<+■  5.0  mS))/(l0  *)  = -3.0  m V’ 

Evaluate:  In  all  eases,  the  negative  acceleration  indicates  an  acceleration  to  the  left. 

2.17.  IDIAIIFY:  The  average  arceieration  is  asl.t  — — 

A t 

SET  LtP:  Assume  the  car  goes  from  rest  to  65  mi.'h  <29  m/s)  in  10  s.  In  broking,  assume  the  cor  goes  from  65  mi  h 
to  zero  in  4.0  s.  Let  +x  be  m the  direction  the  car  is  traveling. 

29  mx-O 


EXECUTE:  (u)  d 


2.9  mV 


0-29  m s , 

w - —75 — -7-  "»'*■ 
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The  graph*  of  * (I)  and  a (/)  arc  sketched  in  Figure  2. 19a. 


\ ID  *5  SJVv  ^ 


Figure  2.19a 


( It > The  motions  diagrams  arc  sketched  in  Figure  2.1^. 


f-  10* 


f-  >7.5  > 


Figure  2.I9I> 


Evaluate:  The  Spider  speeds  up  for  the  first  5 s.  since  v and  u.  are  both  positive.  Starting  at  t - 15  s the 
spider  starts  to  slow  down,  steps  nxurcntanly  at  / - 20  s.  and  then  moves  in  the  opposite  direction.  At  / - 35  s the 
spodcr  starts  to  slow  diwn  again  and  stops  at  / - 40  * 

2.20.  iDlYim:  v m- ill  and  a 


Set  Up:  — (f  * ) ■ nt'  ' for  n 2 1 . 
dt 

Execute:  (u)  v(l>  = (9.60  m^V”  <0.600  ns's^Jr*  and  04<l)  - 9.60  tn  s* -(300  ms*  ji4 . Setting  v -Ogives 
r s 0 and  l - 2.00  s . At  / = 0 , a - 2.17  m and  a,  - 9.60  mV  .At  t - 2.00  s , x - 1 5.0  m and  ak  - -38.4  ms* . 
(hi  Tlie  graphs  are  given  in  Future  2.20. 
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EVALUATE:  Ft>r  tlx  entire  time  interval  from  / - 0 to  / - 2.00  x.  tlx  velocity  v.  ix  positiw  and  .r  increases 
While  a,  ix  alxo  positive  the  xpeed  increases  and  while  ak  is  negative  the  xpeed  decreases. 


JO)  i.ir> 


2.21.  IDENTIFY:  Use  the  constant  federation  equations  to  find  and  ir#. 

(a)  SET  Ur:  The  situation  is  sketched  in  Figure  2.2 1 . 

.r  - xv  - 70.0  m 
l = 7.00  x 
v * 15.0  ntfs 

*o*0  ■**  70.0m  -? 

i-O  r -7.00s 

Figure  2 21 


Execute:  Use  .r 


■L.  2llr-VlO  >’  -W-tSO-aSOIx 

2 / 4*  f * 7.00  x 


|b>  Uxc  v »vv 


v*  - >•  1 5.0  m's  - 5.0  m's  . . , 

a - 1.43  mV. 

4 r 7.00  s 

Evaluate:  The  average  velocity  ix  (70.0  mV(70)0  s)  - 10.0  in  x.  He  final  velocity  it  larger  than  this,  so  the 
antelope  must  h:  speeding  up  during  the  time  interval;  v„  < v.  and  ak  > 0. 

2.22.  IDENTIFY : Apply  the  constant  acceleration  kinematic  equations. 

SET  UP:  Let  +j  he  in  tlx  direction  of  the  motion  of  tlx  plane.  1 73  mi  h - 77.33  m'x  . 307  ft  - 93.57  m 
EXECUTE:  la)  v44  - 0 , r - 77.33  m s and  93.57  in  . v*  * + 2a  (x  - x0 1 gives 

2(x-xa)  2(93.57  m| 


. vi.  ♦ 2< x - xp)  2*93.57  m> 

n»)  r-* / gives  /-- — - 

2 6 iv  -ft  Ot 77.33  mi 


2.42  s 


Evaluate:  Kithcr  vt  - vt,  + at(  or  x-xv  - »*,./  + could  alxo  be  used  to  find  / and  would  give  the  same 
result  ax  in  part  l b). 

2.23.  IDENTIFY:  For  constant  acceleration.  Eqx.  (2.8),  (2.12).  (2.13)  and  (2. 14  ) apply. 

SET  UP:  Assume  the  hall  starts  from  rest  and  moves  in  the  +x  direct  ion. 

Execute:  i a > x - j#  - 1 .50  m , v,  - 45 .0  m s and  \\.t  - 0 . vj  - *£,  + 2fl4(x- a*,  ) gives 
v*-i£  (45.0  mb)*  . s 

2(.r-*,)  2(1.50  m) 

(b>  .fell. l,8iv»  i .0^67  * 

I 2 J v,  *f  i*  45.0  mi 


45.0  mi 


hVAl.l  ATE:  We  could  a ho  use  »•  - tv  -t  a ( to  tind  / 


a 0 


O.0*tf»7  x which  aerces  with  our 


prcvxius  result.  The  acceleration  of  tlx  ball  is  very  large. 
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2.24. 


2.25. 


2.26. 


2.27. 


2.28. 


IDENTIFY:  F or  constant  acceleration.  Eqx.  (2.8),  (2.12).  (2.13)  and  (2. 14)  apply. 
SKI  UP:  Assume  the  ball  moves  in  the  +v  direction. 

Execute:  (a)  v - 73.14  m'i , V#t  = 0 and  / - 30.0  ms . r - i6j  -f  0/  gives 

• A ( A’l 


30.0  k IQ 


v r v 


Dr  73. 14  my 


|(  30.0x10  *■)»  1.10  m 


i - .J 


EVALUATE:  We  could  also  use  x - .y4>  - »*,  / -f  *0  r to  calculate  x-xu: 

x - A,  - ^(2440  )(30  Ox  10  1 sV-IIOm.  which  agrees  with  our  previous  result  The  acceleration  of  the  ball 

is  very  large. 

IDF.MIFY:  Assume  that  the  acceleration  is  constant  and  spply  the  constant  acceleration  kinematic  equitions.  Set 
|i  [equal  to  its  maximum  allou'ed  value. 

SET  UP:  Let  +x  be  the  direction  of  the  initial  velocity  of  the  car.  a - -250  mb3 . 105  kmh  - 29.17  m s . 


EXECUTE:  i-  - *29. 1 7 nv’% . » - 0 . - v!  -f  2a  .< x - A.  ) invcs  X - x. 


v3-v:t  0-129.17  m's)1 


-1.70  m. 


2a,  2(-250ms*> 

EVALUATE:  The  car  frame  stops  over  a shorter  distance  and  has  a larger  magnitude  of  acceleration.  Part  of  your 
1.70  m stopping  distance  is  the  stopping  drstance  of  the  car  and  part  is  how  far  you  move  reiitive  to  the  car  while 
stopping. 

IDENTIFY : Apply  constant  acceleration  equations  to  the  motion  of  the  car. 

SET  UP:  Let  +x  he  the  direction  the  car  is  moving.. 

Execute:  (a)  From  Eq.  (2.13k  with  v,  -0.  a - 1: - u 1 - 1.67  m/v. 

M '•  • 2<x-.r,.l  2(120  ml  ' 

(b)  Using  Eq.  (2.14k  i - 2(x -»„)/>•_  « 2(120  m)/(20  1^1) -12*. 

(c)  (12  *M20  m/s) ■ 240  m. 

EVALUATE:  The  average  velocity  of  the  car  is  half  the  ecu  slant  speed  of  the  traffic,  so  the  traffic  travels  twice  as 


Av 

IDENTIFY  : Hie  average  federation  is  a„, . For  constant  acceleration.  Eq*.  (181.  (2.12),  (2  13)  and  f 2. 14) 

A/ 

appW. 

SET  Up:  Assume  the  shuttle  travels  in  the  rx  direction.  161  km  h - 44.72  m’s  and  1610  km  h - 447.2  m's  . 

1.00  min  - 60.0  s 

At  44.72  m s -0 


EXECUTE:  (UF ill  a - — 1 
Af 


447.2  ms-  44.72  m's 

:n>  7.74  ms 

44  60.0  s -8.00  s 


5.59  tn>- 


111) (it  /-8.00  s,  v.  -0  . and  v - 44.72  nVs  . .y-a*.  - - — • - - — “ M ’ 1(8.00  s)  - 179  m. 


(ii>  Ar  - 60.0  x -8.00  % » 52.0 s . v-,  - 44.72  mS , and  v ^ 447.2  m s . 
vi.  1 4472  + 4472  ws 


T-X, 


(52.0  x)  - 1.28x10*  m. 


2 7V  2 

EVALUATE:  When  the  acceleration  is  constant  the  instantaneous  acceleration  throughout  the  time  interval  equals 
the  average  acceleration  for  tliat  time  interval.  Wrc  could  have  calculated  the  distance  in  port  la)  as 
y — a,  - v*  ,1  r Tut/'  - i(5.59  m’x" M8.00  s)‘  - 1 79  m . which  agrees  with  our  previous  calculation. 

IDENTIFY : Apply  the  constant  acceleration  kinematic  equitions  to  the  motion  of  the  car. 

SET  Up:  0.250  mi  - 1320  ft  . 60.0  mph  - 88.0  ft  's  . Let  +x  be  the  direction  the  car  is  traveling. 

Execute:  (u)  braking:  vUj  - 88.0  fix . y - .y^  - 146  II . v,  - 0 . vj  - v3,  r 2a, {x  - *,»  gives 

a,  - .°  ~ (SS  ° — , -26.S  ft-1 

2(x-x.)  2(146  11) 

Speeding  up:  vCt  - 0 . .y  - x4  = 1 320  ft  . / - 19.9  s . x-x4  » vu  i ♦ gives 

g.-£^_>»M0ft»-6.67ft,V 
r (19.9  %y 
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2 JO. 


|b)  v4  = v*  0 + <6.67  iifs1  M 19.9  s> ^ 133  ft /s  = 90.5  mph 

, . v.  -tv  0-88.0  ft/s 

(c>  r 3.32s 

-26.5  R V 

Evaluate:  The  magnitude  of  the  acceleration  while  braking  is  much  larger  than  when  speeding  131.  That  is  why 
it  takes  much  longer  to  go  from  0 to  60  mph  thin  to  go  from  60  mph  to  0. 

IDENTIFY:  The  acceleration  is  the  slope  of  the  graph  of  v versus  (. 

S»:r  UP:  The  signs  of  v and  of  at  iixlicatc  their  directions. 

Execute:  (u)  Reading  frecn  tlie  graph,  at  / - 4 .0  s , »•.  - 2.7  em  s . to  the  right  and  at  / - 7.0  s , vt  - 1 .3  cm's . 
to  the  left. 

8.0  cm's  , * 

(b)  v versus  / is  a straight  line  with  slop;  -1.3  cm  s*  . Tlie  acceleration  is  constant  and  equal  to 

60s 

1 .3  cm'sJ . to  the  left.  It  has  this  value  at  all  times. 

(c)  Since  the  acceleration  is  constant,  x - xit  - + lai* . For  / - 0 to  4.5  s, 

» -i,  = (K.O  cm')(4.5  *) f i(-l .3  cmV  H4.5  *)J  - 21S  cm . Fix  r >0 to  7.5  *. 
x-xt  = (8.0  cmfr)(7.S  s)  + ^(-IJ  cmV'|f7.5  *)'  = 25.4  cm 

(d)  The  graphs  of  <it  and  r versus  t are  given  in  Fig.  2.29. 

Evaluate:  In  part  (c>  we  could  have  instead  used  x - x,  - ! **‘  * * \t . 


- 1 .3  nvW- 


Figure  2 29 


IDENTIFY:  Use  the  constant  federation  equations  to  find  r,  v*, , i.  and  ak  for  each  constant  federation 
segment  of  tlie  motion. 

SET  Up:  Let  +x  be  the  direction  of  motion  of  the  car  and  let  x - 0 at  the  first  traffic  light. 

Execute:  (■> For i = 0 to  / «8 s : .v - j «i - ; " ' !"  s 'is *) ^.so m . 

c/t  - 1 1 - " ^ * - +2.50  ro'sJ . The  car  moves  from  .r  - 0 to  v - 80  m . The  velocity  v increases  Imearlv 

from  zero  to  20  m»*.  The  acceleration  is  a constant  2.50  mV  . 

Constant  speed  for  60  in:  The  car  moves  from  .r  - SO  m to  x - 140  m . v aa  constant  20  m’s.  a - 0 . This 


interval  starts  at  / - 8 s and  continues  until  t - 


t S K - 1 1 s . 


20  m s 

Sh>wing  from  20  m's  until  stopped  The  car  moves  from  x - 140  m to  x - 180  m . The  velocity  decreases  linearly 
from  20  nvs  to  zero,  x - x.  - — L 1/  gives  / - ■ 1 ' 11,1  4 * . v[  = v;’  + 2a A x - *,)  gives 

l 2 ) 20  m’s  + 0 


-<20.0  m's)* 


- -5.CO  mV  This  segment  is  from  / - 1 1 s to  / - 15  s . The  acceleration  rs  a 


2<40  m l 
constant  -5.  OflmV. 

Tlie  graphs  are  drawn  in  Figure  2 -30a. 

(I>)  Tlie  motxin  diagram  is  sketched  in  Figure  2.30b. 
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Evaluate:  WTicn  a and  »•  are  in  the  sanx  direction,  the  speed  increases  < / - 0 to  / - K s ).  When  a and  v are  in 
opposite  dirccticeis.  the  speed  decreases  ( / - 1 1 s to  / - 1 5 % ).  W hen  a - 0 the  speed  is  constant  / - 8 s to  i - 1 1 s . 


<y<»M 

5 1 
4 
J 
> 


i » 6 T ib*iTT<~  i>.  i«v. 


(a) 


o\ 


Figure  2.30u-b 


(a)  I DEV  lift  V and  SET  UP:  The  aeccleratii>n  a at  time  t is  tlx  slop;  of  the  tangent  to  the  v versus  / curve  at 
time  /. 

Execute:  At  / - 3 s.  the  v versus  / curve  is  a horizontal  straight  line,  with  zero  slope.  Thus  <i  - 0. 

_ , ....  , , 45  ns's  - 20  m’s  % 

At  f-7s,  th:  v versus  ( curve  is  a straight -line  segment  with  slope  6.3  ms'. 

9 s-5  i 


Thus  a - 6.3  in  s'. 


-0-45  ms 

At  f - 1 1 s th:  curve  is  again  a straight -line  scgnxnf.  now  with  slop.  - -l  1.2  ms*. 


3 s-9  s 


Thu*  - - 1 1.2  ml1. 


EVALUATE:  <t#  - 0 when  »*,  is  constant.  at  > 0 when  i,  is  positive  and  th:  sp^  is  increasing,  and  at  < 0 

vvlien  !,  is  positive  and  the  speed  is  decreasing. 

<l>)  IDEVIUV:  Calculate  the  displacement  dunng  tlie  specified  tinx  interval. 

SET  L’P:  We  can  use  the  constant  acceleration  equal  ions  only  for  tinx  intervals  dunng  which  the  acceleration  is 
constant.  If  necessary,  break  the  motion  up  into  constant  acceleration  segments  and  apply  the  constant  acceleration 
equations  for  each  segment.  Fee  the  linx  interval  / - 0 to  t - 5 s the  acceleration  is  constant  and  equal  to  zero. 

For  the  time  interval  / -5s  to  f - 9 s the  acceleration  is  constant  and  equal  to  6.25  m’s*.  For  th:  interval  / - 9 s 
to  t - 13  % th:  acceleration  is  constant  and  equal  to  -1 1.2  m's*. 

EXECUTE:  During  the  first  5 seconds  the  acceleration  is  constant,  so  the  constant  acceleration  kinematic  formulas 
can  be  used. 

v4j  - 20  m's  <r  -0  / = 5 s x- xt  = ? 

.v  (fl  -0  so  no  r^/*  term) 

.v  — — (20  m.sX5  s)  - 100  m;  this  is  the  distaixc  Ih:  officer  travels  in  the  first  5 seconds. 

Dunng  th:  interval  /-5s  to  9 s th:  acceleration  is  again  constant.  The  constant  acceleration  formulas  can  be 
applied  to  this  4 sccockI  interval.  It  is  convenient  to  restart  our  clock  so  Ihc  interval  starts  at  linx  t - 0 are!  ends  at 
time  f - 5 s.  (Note  that  the  accclcraticei  is  no<  constant  over  the  entire  t - 0 to  t - 9 s interval.) 

Yu  - 20  ms  at  - 6.25  nv's*  r-4s  a^-IOOm  x-x^-7 
X~X  - v0.l  * 7aj‘ 

x — < — i 20  m's  )(4  s)  + i(6.25  ini'  *4  *)J  - »0  m » 54)  m - 1 30  m. 

Tluis  x-x4  + 130  m = 100  m + 130  m = 230  m 
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2.35 


2J6. 


Tlxreforc.  tlx  distance  traveled  at  constant  speed  ts 

3.84*  10*  ra-S. 10-10"  m-S.10-10’  m-3.678xl0‘  in-3.678xl0'  kin 


The  fraction  this  k of  the  total  distance  is 


3.678*10*  m 


0958. 


3.H4  x 10*  m 

(c)  iDtMin : We  know  the  time  for  each  acceleration  prriod.  so  find  tlx  tune  for  the  constant  spred  segment. 
SETUP:  x - x ^3.678*10*  m v - 1.80x  104  m's  a -0  f^? 


i 1 • - • 


Execute:  i - 


3.678x1  O’  rn 


2.013x10*  f - 310.5  nun 


v0j  1.80-10*  in  n 
The  tout  time  for  l Sr  whole  trip  it  Ihut  15.0  min  * 340.5  min  * 15.0  min  - 370min. 

EVALUATE:  If  the  speed  »at  a constant  1 .80- 10*  m's  for  the  entire  trip,  the  trip  would  lake 

(3.84*  I tf  mV(1.80- 10“  in  s)  - 356  min  The  trip  actual!)  takes  a hit  longer  lhan  this  since  the  average  velocity  is 

less  lhan  1.80- 10*  m's  during  the  relatively  brief  aceekration  phases. 

iDf-ViitY:  Use  constant  acceleration  equations  to  find  x - .y1(  for  each  segment  of  the  motion. 

SET  Up:  Let  + x be  the  direction  the  train  is  trawling. 

Execute:  /- 0 to  14.0s:  x-x, «v«4/+4<r/ *^(1.60  mlsiNI4.0  *)•  = 157  m . 

At  r - 14.0s.  the  speed  is  v.  =v«4  + o4/  -<1.60  ms* Hi 4.0  s)-22.4  m's  . In  tlx  next  70.0s,  a,  =0  and 
x - x*  = vu.i  = (22.4  nvs)(70.0  s)  * 1 568  m . 

l or  the  interval  during  which  the  train  is  slowing  down.  vVt  - 22.4  mi's . a,  - -3.50  m's*  and  %\  - 0 . 

2a  t 2(-3-50  in's*  > 

Tlx  total  distance  traveled  is  157  m + IS68  m + 72  m - 1800  m. 

EVALUATE:  The  acceleration  is  rail  constant  for  the  entire  modem  but  it  docs  consist  of  constant  acceleration 
segments  and  we  can  use  constant  acceleration  equations  foe  each  segnxnt. 

iDLVim  : ! (rl  is  tlx  slop:  of  the  x versus  f graph.  Car  H moves  with  constant  speed  and  zero  acceleration. 

Car.f  moves  with  positive  acceleration:  assume  the  accclcratxm  is  constant. 

SET  UP:  For  car  B,  vt  is  positive  and  at  - 0.  lor  car  A*  at  is  positive  and  i,  increases  with  /. 

EXECUTE:  (a>  The  motion  dug  rams  far  tlx  cars  are  given  in  figure  2.35a. 

(b)  The  two  cars  have  the  sanx  position  at  tinxs  when  their  .y-j  graphs  cross.  The  figure  in  the  problem  shows  this 
occurs  at  approximately  ( - 1 s and  t - 3 x . 

(c>  Tlx  graphs  of  »*.  versus  f for  each  car  are  sketched  in  figure  2.35b. 

(d)  The  cars  have  the  same  velocity  when  their  *«i  graphs  have  tlx  same  slope.  This  occurs  at  approximately 
r = 2 s . 

(e)  Car  A pisses  car  B when  moves  above  x*  in  tlx  .*•/  graph  This  happens  at  f « 3s. 

(0  Car  ti  passes  car  A when  xb  moves  above  .y4  in  the  x»t  graph.  Thrs  happens  at  /-Is. 

Evalu  ate:  When  at  - 0 . the  graph  of  \\  versus  t is  a horizontal  line.  When  u.  is  positive,  the  graph  of 
v versus  / rs  a straight  line  with  positive  slope. 


Figure  2.35u-b 

iDI-ViitY:  Apply  the  constant  acceleration  equations  to  the  motion  of  c&rh  vehicle.  The  truck  passes  the  car 
wlxn  they  are  at  the  same  x at  the  same  l > 0 . 
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SKI  l !:  Tlx  tr\xk  has  a - 0 . Ttx  car  has  v.  - 0 . Lei  rv  be  in  (he  direction  of  motion  of  the  vehicles.  Uotb 


vehicles  start  at  x.  - 0 . The  car  has 


) 20  m s' . The  truck  has  r - 20.0  m s . 


Execute:  (a)  .y-a*,  - v^i gives  x,  - i,„/  ami  .Yt  . Setting  a*,  -xt-  gives  / - 0 anil  v,r  -4<M  • 

r-iii.  ~'~"lll!‘"  12.5  % . Al  thin.  * - 1 20.0  m iH  1-5  t)-2S0mand  j- ±(3.20  mV  Ml  2.5  *)*'-250m. 
ac  3.20  ms* 

The  car  and  (nick  have  c:xh  traveled  250  m. 

(b)  At  r = 12.5  5 . the  car  has  v4  - v*,  + aj  - (3.20  tnV'xl2.5  x)  = 40  ms  . 

(c>  .y,  - v,Tf  ami  x<  - . The  *•/  graph  of  the  motion  for  each  vehicle  is  sketched  in  Figure  2.36a. 

(d)  v,  - vo1  . vc  - aKt  . The  *•.•/  graph  for  each  vehicle  is  sketched  in  Figure  2.36b. 

Evaluate:  When  the  car  overtakes  tlx  track  its  speed  is  twice  that  of  the  truck. 


• i iii« 


»<*1 


»<« 


(b) 

Figure  2.36u-b 

2-37-  IDEWIFY : For  constant  acceleration.  Eqs.  (2.8).  (2.12).  (2.13)  and  (2. 14)  apply. 

SET  UP:  Take  +v  to  be  downward,  so  the  motion  is  in  the  +y  direction.  19.300  kmfa  - 5361  m s . 
1600  km  h - 444.4  ms  . and  321  km  h - 89.2  nvs  . 4.0  mm  - 240  s . 

EXECUTE:  (u)  Stage  A:  ( - 240  s . v* , - 5361  ms  . \\  - 444.4  m s . i,  = vl(|  +af  gives 

* =1-1-  1:U-  -20.5  n*>. 

' / 240  s 

Stage  B:  t - 94  s . v„  - 444.4  in  s , v,  - S9.2  ms  . v,  - \\%  + a i gives 
89.2  ms-  444.4  ms 


= -3.8  ms'  . 


' / 94  s 

Stage  C:  )'-)'>•  75  in,  v0,^89.2  m’s.  v,-0.  ^ - »£  + 2<r.  (y-  v.)  gives 

u - — - — ! — ~ — -53.0  ms*.  In  each  ease  the  negative  sign  means  that  the  acceleration  « 

20’-*)  2(75  m> 

upward. 


\\  -t  v 


( - 


5361  m st  444.4  m’s 


(b) Stage  A:  y-.v.-j^ 

Stage  tf:  y-  v,  - 1 1(94  s)  = 25  km  . 


1240  x)  - 697  km 


Stage  C:  The  problem  states  that  y-v,  - 75  m - 0.075  km  . 

The  total  distance  traveled  during  all  three  stages  is  697  km  i-  25  km  t-  0.075  km  - 722  km  . 

Evaluate:  The  upward  acceleration  produced  by  friction  in  stage  A rs  calculated  to  be  greater  thin  the  upward 
acceleration  due  to  the  parachute  in  stage  B.  The  effects  of  air  resistance  increase  with  increasing  speed  and  in 
reality  the  acccleraticei  was  probably  not  constant  during  stages  A and  B. 

2.38.  IDENTIFY : Assunx  an  initial  height  of  200  m and  a constant  acceleration  of  9.80  mV  . 

SET  UP:  Let  +y  be  downward.  I km  h - 0.2778  m s and  I mi  h - 0.4470  m s . 
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Execute:  (u)  y-y#  - 200  m , a,  = 9. HO  m's3  f v* , = 0 . vj  - vjt  + 2at(v-\\ ) gives 

v,  =■  ^219.80  m's*  K200  ml  - 60  m s = 200  km/h  = 140  mi  h . 

(b)  Raindrops  actually  have  a speed  of  about  1 ms  as  they  strike  the  gn>und. 

(c>  The  actual  speed  at  the  ground  is  much  less  than  the  speed  calculated  assuming  free-fall,  so  neglect  of  air 
resistance  is  a very  poor  a^roximatnin  for  tailing  raindrops. 

Evaluate:  In  tb:  absence  of  air  resistance  raindrops  would  land  with  speeds  that  would  mike  them  very 
dangerous. 

2 .39.  iDEVim : Apply  the  constant  acceleration  equations  to  the  motion  of  the  flea.  After  the  flea  leaves  the  ground. 
a,  - downward.  Take  the  origin  at  the  ground  and  the  positive  direction  to  be  upward 

(a)  SEr  Uf:  At  the  maximum  bright  v - 0. 

v =0  y-  y0  = 0.440  in  a - -9.80  m s*  vv  = ? 

EXECUTE:  IV.  - - ^-2(-9.S0  mV  H 0.440  ml  - 2.94  ml 

(b)  SET  Up:  When  the  flea  has  returned  to  the  ground  y - y,  - 0. 
y - y4  - 0 v#/  = +2.94m’s  a =- 9.80  m’s3  f=? 

y-y,  - v4if  -f  fa/ 

2iv  2(2.94  msl 

Execute:  With  y-y0  = 0 this  gives  r = - '“JTso — “r-a600s* 


EVALUATE:  We  can  use  vt  = v- , td  / to  show  thit  with  i,  # - 2.94  ms,  vt  - 0 alter  0.300  s. 

2.40.  IDLMIFY : Apply  constant  acceleration  equations  to  the  motion  of  the  lander. 

SET  UP:  Let  +y  be  positive.  Since  the  lander  is  in  free-fall.  *r,  = * 1.6  m’s3 . 

Execute:  !*,  - 0.8  m s , y - yv  = 5.0  m . a,  = T 1 .6  m s3  in  rj  - vj,  + 2a,  (y - y4)  gives 
v - ^i;%  -f  2a  (>*->«>  - J<0.8  m’s)3  *2(1.6  ms*X5.0  ml  - 4. 1 m s . 

EVALUATE:  The  simc  descent  on  earth  would  result  m a tinal  speed  of  9.9  m s.  since  the  aeceVrration  due  to 
gravity  on  earth  is  much  larger  than  on  the  moon. 

2.41.  IDEVIIFY:  Apply  constant  acceleration  equations  to  the  modem  of  tb:  nxterstick.  Tb:  tinx  the  meterstiek  falls  is 
your  reaction  time. 

SET  UP:  Let  +y  be  downward.  The  meter  stick  has  - 0 and  a.  - 9.80  m s3 . Let  rf  be  the  distance  the 
meterstiek  falls. 


2..:- 


&XECUTE:  (a)  y-y  -v  t + La  r gives  rf  - 14.90  ms  V*  and  t - 


4.90  m s 


(b)  r-  l .(l  f'--  0.190  s 


4MI  m'X 

EV  ALUATE:  The  reaction  tinx  is  propocticeial  to  tb:  square  of  the  distance  tb:  stick  falls. 

2.42.  Ideviify  : Apply  constant  acceleration  equations  to  the  vertical  motion  of  the  brick. 

SETUP:  Let  +y  be  downward,  a , =9.80  m's3 

Execute:  (u>  v„  *^0.  / = 2.50*,  a%  =9.80  nvs\  y-y«=  V+4<r/  = ^<9.S0  m's3)(2.50  s)3  =30.6m.The 
building  is  30.6  m tall. 

<b)  v,  » v,y  + =■  0 + (9.S0  ms3  )(2.50  s>  = 24.5  m s 

(c)  Tlie  graphs  of  a . v and  v versus  / are  given  in  Fig,  2.42.  Take  y = 0 at  tb:  uround. 
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Evaluate:  We  could  use  either  y - - 


— ~ — !•  or  l’»  3 vo»  r 2 ff,(y-y*)  thcck  our  result*. 


» ” H 


/. 

J 

o 

' o 

Figure  2.42 

iDEVUfY:  When  the  only  force  is  gravity  the  acceleration  is  9.S0  m's* . downward.  There  are  two  interval*  of 
constant  acceleration  and  the  ctxistant  acceleration  equatiixis  apply  during  each  of  these  interval*. 

SET  UP:  Let  +y  he  upward.  Let  y - Oat  tlie  launch  pad.  Tlie  final  velocity  for  the  first  phase  of  the  motion  is  the 
initial  velocity  for  tlx  free-fall  phase. 

Execute:  (a)  Find  the  velocity  when  the  engine*  cut  otY.  y - y,  - 525  m . at  - *2.25  ms* . v0,  - 0 . 
vf  - vjx  + 2a  \y  - y4  > give*  v . - ^2(2.25  m s*  K 525  ml  - 48.6  m s . 

Now  consider  the  motion  from  engine  cut  otTto  maximum  height:  y,  - 525  m . v4  - -+48.6  m's  . v - 0 (at  the 

maximum  height),  a,  - -9.80  m s* . vf  - \£  ♦ 2<r  <y-y#)  gives  y-y,  - — — — - " ‘ *'M>  n"‘>  121m  and 

2 at  2(-9.80  m s ) 

>‘  = 121  mi- 525  m * 646  m . 

(b)  Consider  th:  motion  from  engine  failure  until  Just  before  the  rocket  *trikcx  the  ground:  y-y  - -525  m . 
a t - -9.80  ms*' . v4>  - +48.6  m s . v*  = v*  + 2o(y-y§ ) gives 

v.  - -^<4S.6  msf  + 2f-9.80  m's;)(-52S  m)  - -1 12  ms.  Then  \\  = v0t  + o. r gives 

. v_  - v0  - 1 12  m s - 48.6  m s . c . 

t 16.4  s. 

a -9.80  m's* 

t 

(c)  Find  the  time  from  blast-off  until  engine  failure:  y-y,  - 525  m , yit  - 0 . a - +2.25  mfc1 . 


y ” y.  - v«,/  + lay  gives  / - j— — — - r<-‘  ,lU.  - 2 1 .6  s . The  rocket  strikes  lb:  launch  pad 

u a.  V 2.25  m's* 

21.6  s + 16.4  s-  3S.0  s after  blast  off.  The  acceleration  a,  i*  +2.25  m's*  from  t - 0 lo  t - 2 1 .6  s . It  is 
-9.80  m s’  from  / - 21.6  s to  38.0  s . v - »•,  +a,t  applies  during  each  con*tant  acceleration  segment,  so  the 
graph  of  v.  versus  / is  a straight  line  with  positive  slop:  of  2.25  m's*  during  the  blast- oil*  phase  and  with  negative 
slope  of  -9.80  m's*  after  engine  failure.  During  each  phase  y - y4  - vu  / + laj2 . The  sign  of  a determines  the 
curvature  of  . At  / - 3S.0  * the  rxvket  ha*  rcturad  to  y - 0 . The  graphs  arc  sketclied  in  Figure  2.43. 
Evaluate:  111  part  (b)  we  could  have  found  the  time  frc*n  y-y  - v / + in  /* . finding  \ first  allows  u*  to 
avoid  solving  for  t from  a Quadratic  equal  ion. 


I M n/ 


-9  0>  of*  h 


Figure  2.43 


2.44. 


2.45. 


Motion  Along  a Straight  Line  2*17 

IDENTIFY : Apply  constant  acceleration  equations  to  the  vertical  motion  of  the  sandbag. 

SET  UP:  Take  +y  upward  <j.  - -9.80  m s'  . The  initial  velocity  of  the  sandhig  equals  the  velocity  of  the 
balkicoi.  so  - +5.00  m’s  . When  the  balloon  reaches  the  ground,  v-  Vv  - -40.0  m . At  its  maximum  height  the 
sandbag  has  v,  - 0 . 

EXECUTE:  (u|f-  0.250  s : y-y0-  V +4*/  - <5.00  m*K0.250  s)  + l(-9W  ms'  #0.250  s>*  ^ 0.94  m The 
sandbag  is  40.9  m above  the  ground,  i,  - v0t  td/-  +5.00  m s + (-9.S0  m's*)(0250  s)  - 2.55  ms . 
r - 1 .00  s : y - y%  - (5.00  m sMl  00  s)  + 4(-9.SO  ms*  )(1.00  rf  = 0. 10  m The  sandbag  is  40.1  m above  the 
ground  ». -t0  + u t = +5.00  ms  + (-9.80  nVs*)(l .00  s)-  -4.80  m s . 

(b)  y-  v,  - -40.0  m . *•,  = 5.00  in's,  a%  * -9.H0  ms*  . y-y*  - \\t  + i<i,r  gives 
-40.0  m - (5.00  mSK  -(4.90  m*s  V.  (4.90  ms*  If*  -(5.00  m*)f  - 40.0  m ^ 0 and 


f - J_|500 i ^(-5.00»*  - 4(4.900-40.0) ) s (0.51  i 2 90)  s . f must  be  positive  so  / - 3.41  s . 

(c)  v.  = v,%  + a,i  - +5.00  m s + (-9.80  ms*  K3.41  s)  - -2S.4  m s 

(d)  v4,  - 5.00  ms . at  - -9.S0  ms*  f vf  - 0.  ij  = v*,  + 2af(y-)\)  gives 

v*-v*  0-(5.00  m’s)5 

v - v.  1. 28  m . The  maximum  height  is  41.3  m above  the  ground. 

2a,  2(-9X0m*->  * * 

(e)  The  graphs  of  a . v . and  y versus  f are  given  in  Fig.  2.44.  Take  y - 0 at  the  ground  . 

EVALUATE:  The  sindbag  initially  travels  upward  with  decreasing  velocity  and  then  moves  downward  with 
increasing  speed. 


Figure  2.44 


iDIXiitY:  The  hallcon  has  constant  acceleration  a - g.  downward 
(a)  SEI'  Up:  Take  the  +>*  direction  to  be  upward, 
f - 2.00  s,  it  - -*XO  m's  at  - -9.80  m*\  v =? 

Execute:  v,  - ,„,r  - -6.00  ris'HZOO  *>--25.5  m» 

< l»>  S»:  t Up:  r.  = ? 

Execute:  v-y0- =<-6.00m,*K2.00*)+f(-9*Om'*,K2.00*)1^-3l.6ni 


(r)  SET  UP:  v-JV  - -10.0  m.  i„,  ; -6.011  m s a,  - -0.^1  nv'i’.  v, -? 

*21 


Execute:  v,  - - -^<  -A.OT  mil1  » 2<  -9.S0  m'i!  M - 1 0.0  m)  - -15.2  m's 

(d)  The  graphs  are  sketched  in  Figure  2.45. 

- — i . i , 


Figure  2.45 

EVALUATE:  The  »pccd  of  the  balloon  irxrcaxcs  steadily  since  the  acceleration  arxl  velocity  arc  in  the  some 
direction.  |r  |-25.5m^  when  (v — y;|  = 31.6  m.  so  |i#|  is  lexs  than  this  (15.2  m ’s  I when  |i* -y,|  is  less  (10.0  m). 
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2.46. 


2.47. 


2.48. 


Idimhy  : Since  air  resistance  is  ignored,  the  egg  is  m free-fall  and  has  a constant  diranwnd  acceleration  of 
magnitude  9.80  nv's* . Apply  the  constant  acceleration  equations  to  the  motioo  of  the  egg. 

SET  Up:  Take  +y  to  be  upward.  At  the  maximum  height,  v - 0 . 

Execute:  (u)  y-  v,  - -50.0  m . / - 5.00  s . at  - -9.80  m's* . y -y0  - vVti  + ^a/  gives 
> • - >~>l  - la  i - r*™  m - 4<-9.SO  ink1  MS.00  %)  = -14.5  m.'.  . 

<l>)  v4l  - + 14.5  m s , v,  =0  tat  the  maximum  height).  a>  - -9.80  m's2 . rj  + 2o,<y-y0)  gives 

>•  - v = iLlJiL.  - 1-— ii— ilLlL  _ 10.7  m . 

4 2a  K-9.S0  mi) 


<c)  At  the  miximum  height  v.  - 0 . 


(d)  The  acceleration  is  constant  and  equal  to  9.80  m s* , downward,  at  all  points  in  the  motion,  including  at  the 
maximum  height. 

(e)  The  graphs  are  sketched  in  Figure  2.46. 


EVALUATE:  The  time  for  the  egg  to  reach  its  maximum  height  is  f — — — 1^-1  1.48  s . The  egg  has 

a -9.8  mV 


relume!  to  the  level  of  the  comice  alter  2.96  s arxl  after  5.00  s it  has  traveled  downward  from  the  cornice  for 

2.01  s. 


O/l  IIM 


i’i/>i«A« 


i'"W 

9 


25 
-10 
-15 
r(»)  -29 


IDENTIFY : Use  the  constant  federation  equations  to  calculate 
(a)  SET  Uf:  v-  -224  ms.  v.sO,  » =0.900  s.  <i  »? 


uk! 


i<si 


Execute:  a a^W,224mi-0  :49  Ws* 

• l 0.900  s 

<l*>  a.  Ig  - (249  m«V(9.80  mV)  - 25.4 
<c)  \-x,=  v.,l  r = 0 * ,<249  rn'i1  )(0.900  *)‘  - 101  m 
(d)  SET  Up:  Calculate  the  acceleration,  assuming  it  is  constant: 
f = 1.40  s,  v<4  — 283  in's.  vt  =0  (stops).  at -? 

v. 

Execute:  a °-2tB  ^ ,-202  mV 

• / 1 .40  s 

a,  tg  * (-202  mV) (9.80  m.'sJ ) - -20.6:  a,  - -20.6# 

If  the  f celeration  while  the  sled  is  stopping  is  constant  then  the  mignmxde  of  the  f c deration  is  only  20.6#.  Hut  if 
the  acceleration  is  not  constant  it  is  certainly  possible  that  at  some  point  the  instantaneous  acceleration  coukl  be  as 
large  as  40#. 

Evaluate:  It  is  reasceiab&c  that  for  this  motion  the  acceleration  is  much  larger  than#. 

I DIMITY : Since  air  resistance  is  ignored,  the  boulder  is  in  free-fall  and  has  a constant  downward  acceleration  of 
magnitude  9.80  m V . Apply  the  constant  acceleration  equations  to  the  motion  of  the  boulder. 

SETUP:  Take  +y  to  be  upward. 

Execute:  (u)  v4t  = ^40.0  m s . \\  - +20.0  m/s  . o.  - -9.80  n*'sJ . vf  = v- , + a t gives 

V - 20.0  mi's  - 40.0  m s 

t +2.1X4  s. 

a,  -9.80  m's 
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2.49. 


2.50. 


(b)  v,  - -20.0  ro*  . / - 


p.  “ v„,  -20.0  m's  - 40.0  m's 


-9.80  m s 


- 1 6.12  s. 


<c>  y - v,  - 0 . vVt  - r40.0  m's  . at  - -9.80  m's*  . y - y4  - Kt/*?*/*  give*  / - 0 are! 

I - ~—L  = - ^4°<*  n*'*)  a t8.  16  s . 
a.  -9.80  ms* 


(d>  V.  - 0 . IV  s +40.0  ms  f a,  =>  -9.S0  m's*' . v - v«  * at  gives  r - 


v,  \ - 


0-40.0  mv 
-9.80  m V 


(c)  Tlic  acceleration  it  9.80  m s* . downward.  at  all  points  in  the  motion. 

<f)  The  graphs  are  sketched  in  Figure  2.48. 

EVALUATE:  i,  - Oat  the  maximum  height.  The  time  to  reach  tlie  maximum  bright  is  half  the  total  time  in  the  air, 

so  the  answer  in  part  (d)  is  half  the  answer  in  part  (c>.  Alto  note  that  2.04  s < 4.08  s < 6.12  s . The  boulder  is  going 
upward  until  it  refhes  its  maximum  height  and  after  the  maximum  height  it  is  trawling  downward. 

i<r)(m)  vi/hnfc) 


Figure  2.48 


iDf.N  I1PY:  We  can  avoid  solving  for  tb:  common  height  by  considering  the  relation  between  height,  time  of  fall 
and  acceleration  due  to  gravity  and  setting  up  a ratio  involving  time  of  fall  and  federation  due  to  gravity. 

Si:  I UP:  Let  be  the  acceleration  due  to  gravity  on  linccladux  and  tel  £ be  th«  quantity  on  earth.  Let  h be  the 
common  height  from  which  the  object  is  dropped.  Let  ty  be  downward,  so  y - y,  - h . vVt  - 0 
EXECUTE:  y — >*„  - vVti  + f * gives  k - r g*l  and  /i  - • Ccenbining  these  two  equations  gives 

g<\  * giJL***  gi.  - 0.0868  m1*1 . 

EVALUATE:  The  acceleration  due  to  gravity  is  inversely  proportional  to  the  square  of  the  time  of  fall. 
iDLMin : The  acceleration  is  not  constant  so  the  ccmstant  federation  equations  cannot  be  used.  Instead,  use 
Lqs.l2. 1 ?>  and  <2. 18).  Use  the  values  of  v4  and  of  a at  / - 1 .0  s to  evaluate  v0l  and  xv . 

SET  Up:  f fdt Lr"'  .for  nzO. 

J rt  + \ 

Execute:  (u)  v4  - v4t  + J atdt  - vu , + lot’  - v*l4 + (0.60  m V yi' . y\  - 5.0  m s when  / - 1 .0  s gives 
\\t  - 4.4  m’s  . Then,  at  f = 2.0  s , v - 4.4  m's  + (0.60  m’s*)(2.0  s)J  - 6.8  m s . 

<b)  + + + *-6.0  mat  r-I.Os  gives  a,  -1.4  m . Then,  at  /-2.0s, 

x - 1.4  m *-(4.4  m sX2.0  s)+ 1(124  m's^lO  s)*  ^ 1 1.S  m . 

6 

(c>  x(t)  =L4m  + (4.4  m s)r  + (0.20  m's*  )f\  v4(/»  = 4.4  ms  r <0.60  m’s1  y . d.</)  ^ (1.20m %‘)i . The  graphs  arc 
sketched  in  Figure  2.50. 
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Evaluate: 


dv  dx 

Wc  can  verify  that  a land  v 

’ ji  d< 


Figure  ’.50 


2.51.  a . -Al-Bl1  with  .<  = 1.50  n«'  and  fl  = O.I20m** 

<■)  IDEMIFV:  Integrate  o,(r)  to  find  v,(i)  and  then  integrate  i.(r|  to  find  i(f » 

SETUP:  v,  - i,.  •»  J a,  Jl 

EXECUTE:  1 = pfc  ♦|'(di  = tti  +^At‘  -±flf‘ 

At  rcsl  at  l - 0 rayi  that  i„  -0.  10 


v,  = (0.75  mVy1  -(0.040  m*V 
SETUP: 

Execute:  t - x,  + Jj  - ifii' ) dr  - x,  rfAi'  - ifii’ 


At  the  origin  at  f = 0 say'  tint  X,  = 0.  so 

.«  = - At ' - 4ft*  = 1(1 .50  m»‘  If  ‘ - i<0. 1 20  m'*’  k* 

.«  - (0.25  m's  V -(0.010  nv*>* 

dx  d\' 

Evaluate:  Wc  can  check  our  result*  bv  u«ng  them  lo  verify  that  v (/)  - — and  a it ) - — - 


dv  dv 

(b)  IDF.NTIFV  and  SET  UP:  At  time  ts  when  \\  is  a maximum. 0.  (Since  it. tfo:  maximum  velocity 

di  dt 


licT  times  a is  positive  so  v is  slill  increasing.  Tee  latct  tunes  a is  negative  and  v is 


is  when  u4  - 0.  Tee 
decreasing. ) 

Execute:  a - — - o so  At  - Br  - o 
' dt 

One  root  is  / = 0.  but  at  this  tinx  v4  - 0 and  not  a maximum. 

The  other  root  is  t - — - ' " ' 12.5  s 

B 0.120  m's 

At  this  time  vt  * (0.75  m's1  )r -<0.010  m's4)/*  gives 

v4  =(0.75  nv’*;)(12.5  s>2- (0.040  m/s4)(l2.S  s)*  =1 17.2  m’s-78.1  m’s  = 39.1  ms. 

Evaluate:  Tor  / < 12.5  s at>  0 and  v4  is  increasing  Tor  / > 12.5  s.  a,  <0  .and  t.  is  decreasing. 

2.52.  I DEN  I1FY:  u</>  is  the  dop:  of  the  v versus  t graph  and  the  distance  traveled  is  the  area  under  the  v wrsus  / graph. 

SET  UP:  The  r versus  t graph  con  be  approx  mailed  by  the  graph  sketched  in  Tigurc  2.52. 

Execute:  la)  Slope  = <i  = 0 for  1 2 1.3  ms . 

<b> 

h - Area  under  v*»f  graph  * A 


+•<4.  a —(1.3  mst(133  cin's)  + (2i  ms  - 1.3  ms  #133  cm/s)  » 0.25 


(c)  u = slope  of  r-r  graph  j|0.5  ms)  =•  ull.O  ms| 
tf  (1.5  ms)  - 0 because  the  skipe  is  zero. 


.OxlO’cm/s1 . 
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2.54. 


2.55. 


(d)  A- -area  under  i-l  graph  /i(0.5  nwt  » Au^0  - -(0.5  ins)(33  cm  s)  - 8.3x  10  era  . 

A(l  .0  ms)  » 4,^  - 1(1.0  rasMlOO  cm/%)  - 5.0 x 10  * era  . 

A(l .5  ms) * A..rit  -f  A ^ >1(1.3  ms)(l33  era* )(0.2  ms|<1.33)  ^ 0.1 1 cm 

EVALUATE:  The  acceleration  is  constant  until  i - 1.3  ms . and  then  it  is  zero,  g - 9S0  era's* . The  acceleration 
during  tbc  first  1.3  ms  is  much  largeT  thin  this  and  gravity  can  be  neglected  for  the  portion  of  the  jump  thit  we  arc 
consi&ring. 


(a)  IliK.NTIKV  and  SET  IIP : The  chingc  in  speed  is  the  area  under  the  versus  / curve  between  vertical  lines  at 
r - 2.5  s and  / - 7.5  s. 

Execute:  Tbis  area  is  4(4.00  cm's*  ♦ 8.00  ern’s'X '-5  s - 2.5  s)  - 30.0  cm's 
This  acceleration  is  positive  so  the  change  in  velocity  is  positive. 

(b)  Slope  of  v versus  t is  positive  and  increasing  with  t.  live  graph  is  sketched  in  Figure  2.53. 


Figure  253 

Evaluate:  The  calculation  in  part  (at  is  equivalent  to  Av,  - yA/.  Since  at  is  linear  in  /. 

as, ..  - (fflk  -t  «r.  )/2.  Thus  as„  00  cm's*'  +8.00  era's*')  for  the  time  interval  i - 2.5  s to  / - 7.5  s. 

IDENTIFY:  The  average  speed  is  the  total  distance  traveled  divided  by  the  total  time.  The  elapsed  time  is  the 
distance  traveled  divided  by  the  average  speed. 

SET  UP:  Tbc  total  distance  traveled  is  20  mi.  With  an  average  speed  of  8 mih  for  10  mi.  tbc  tinx  for  that  first 

10  males  is  - — — - 1.25  h . 

8 mib 

20  mi 

EXECUTE:  (uy  An  average  speed  of  4 mib  fee  20  mi  gives  a total  time  of • 5.0  h . Tbc  second  10  mi  must 

4 mi  ll 
10  irn 

be  covered  in  5.0  h - 1.25  h - 3.75  h . This  corresponds  to  an  average  speed  of  — = — - — 2.7  mih  . 

3.75  h 

(by  An  average  speed  of  12  mi  h for  20  mi  gives  a total  time  of  — — — — 1.67  h The  second  10  nu  must  be 

12  mi  h 

covered  in  1.67  h - 1.25  h - 0.42  h This  corresponds  to  an  average  speed  of  ■ * - 24  mi  h . 

20  mi 

(c>  An  average  speed  of  16  mi  ll  for  20  mi  gives  a total  time  of 1.25  h . Blit  1.25  h was  already  spent 

16  mi  h 

during  the  first  10  miles  and  tlu  second  10  miles  would  have  to  be  covered  in  zero  time.  This  is  not  possible  and  an 
average  speed  of  16  mi.’h  for  the  20-mile  ride  is  not  pvoxtiblc. 

EVALUATE:  The  average  speed  for  the  total  trip  is  not  th:  average  of  the  average  speeds  for  each  10-mile 
segment.  The  rxlcr  spends  a different  amount  of  time  traveling  at  each  of  the  two  average  speeds. 

Identify:  i and  »i  -£Ll. 

4 d:  1 dt 


SETUP:  — (f)-Jif'  ‘.for  nil . 

dt 

Execute:  (to  v4(l)  ^ (9.00  ms1)#1  - (20.0  m s*>  + 9.00  m s . d4(/y  ^ 1 1 8.0  m V V - 20.0  m s' . The  graphs  are 
sketched  in  Figure  2.55. 
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(b)  The  particle  is  instantaneously  at  rest  when  v,(/>  - 0.  vUi  - 0 ami  the  quadratic  formula  gives 
t - yjL-i  20.0 1 ^(20.0)  -4(100X9.00)1  s — 1.1 1 *1 0.48  % . I - 0.65  % and  l - ! .59  * . Thc«  resuh).  agree  with  ihe 
v4«/  graphs  in  pin  (ah 

(c  > For  ; - 0.65  * . a,  - (I  K.O  nv*‘  K0.65  %)  - 20.0  ml'  a -8.7  mV . For  ; - 1 .59  % . <j.  - -8.6  m'i' . At  / = 0.65  % 
the  slope  of  the  vt  •/  graph  is  ixgativc  ami  at  / - 1.59  s it  is  positiv  e,  so  the  same  answer  is  deduced  from  the 
V4(/) graph  as  from  the  expressicei  fee 

20.0  . . . 


( <1  > v (/>  is  instantaneously  not  changing  wtxn  a - 0.  This  occurs  at  / - __  - i.i  i s . 

18.0nVs‘ 

(e)  When  the  partick  is  at  its  greatest  distance  from  the  origin.  v4  - 0 and  at  < 0 (so  the  panicle  is  starting  to 
move  bark  tow  ard  the  ongmi.  This  is  the  case  for  / - 0.63  s . which  agrees  with  the  *•/  graph  in  part  (a) . At 
t c 0.63  s f a* -2.45  m . 

(0  The  particle's  speed  is  changing  at  its  greatest  rate  when  a has  its  maximum  magnitude.  The  •!  graph  in  pan 
(a)  shows  this  oeeuis  at  f - 0 and  at  / - 2.00  s . Since  v is  always  positive  in  this  tune  interval,  the  panicle  is 
speeding  up  at  its  greatest  rate  when  a is  positive,  and  this  is  for  i - 2.00  s. 

The  particle  is  slowing  down  at  its  greatest  rate  when  a 4 is  ixgative  and  this  is  for  / - 0 . 

Evaluate:  Since  *i.(/)  is  linear  in  f.  v.(r)  is  a parabola  and  is  symmetric  around  tlx  poent  where  |r#(f)|  has  its 
minimum  value  (/  - 1.1 1 s X For  this  reason,  the  answer  to  pin  (d)  is  midway  between  the  two  times  in  part  (cX 

rtO(m)  lymni/n  lUDfndci 


- 


MO 


IDENTIFY:  The  average  velocity  is  v # . The  average  speed  rs  the  distance  traveled  divided  by  the 

elapsed  time. 

SET  UP:  Let  + x be  in  the  direction  of  the  First  leg  of  the  race.  For  the  round  tnp.  X\  £ 0 and  the  total  distance 
traveled  is  50.0  in.  Fee  eixh  kg  of  the  race  both  the  mignitude  of  the  displaremcnt  and  the  distance  traveled 
ire  25.0  m. 


Execute:  <u>|»(.| 

25.0  m 


25.0  m 


- 1.25  nv's  . This  is  tlx  sanx  as  the  average  speed  for  this  leg  of  the  race. 


lb>  » 


15.0  s 

fc>  Av  - 0 so  v - 0 . 


20.0 

1.67  nv's  . This  is  the  sanx  as  the  average  speed  for  this  leg  of  the  race. 


(d)  The  average  speed  is  — =>  1.43  m s . 

35.0  s 

EVALUATE:  Note  that  the  average  spxed  for  tlx  round  trip  is  not  equal  to  the  arithmetic  average  of  the  average 
speeds  for  each  leg. 

IDENTIFY:  Use  information  about  displacement  and  time  to  calculate  average  speed  and  average  velocity.  Take 
tlx  origin  to  be  at  Seward  and  the  positive  direction  to  be  west. 

. distance  trjvekd 

(a)  SET  Uf:  average  speed  

tinx 

Execute:  The  distance  traveled  (ditTcrent  from  tlx  net  drsplaccnxnt  (a  - *,» ) is  76  km  -t  34  km  - 1 10  km 

f ind  the  total  elapsed  time  by  usang  - - — — to  find  / for  each  leg  of  the  journey. 

At  t 

Seward  to  Auora:  i - - — — *’  0.8636  h 

v 8S  km  h 
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2.59. 


2.60. 


Auora  to  York:  / • - — ■ 0 4722  h 

V.  -72  km  h 

Total  t = 0.8636  h + 0.4722  h - 1 .336  h 
1 10  km 

Then  average  srecd 82  km'h. 

1.336  h 
Ay 

(b) Set  UP:  v^mt  - — . where  At  is  the  displacement,  not  tbc  total  distance  traveled 

At 

Tor  the  whole  tnp  be  end*  up  76  km  - 34  km  - 42  km  west  of*  hi*  starting  point.  v^.,  — xn  ■ - 3 1 kin  h. 

L336  h 

Evaluate:  The  motion  is  not  uniformly  in  the  saire  direction  so  the  displacement  is  less  thin  the  distance 
traveled  and  the  magnitude  of  the  average  velocity  is  less  than  the  average  speed. 

iDIAiit^ : The  vehicles  are  assumed  to  move  at  constant  speed.  Hie  speed  (mi.  h)  divided  by  the  frequency  with 
winch  vehicles  pass  a given  point  (vehicles'll  l is  the  total  space  per  vehicle  I the  length  of  the  vehicle  plus  spice  to 
the  next  vehicle). 

SET  UP:  96  kmh  - 96x  10*  m h 

EXECUTE:  (at  The  total  space  per  vehicle  is  — - — ^ 40  m vehicle  . Since  the  average  length  of  a 

1 ^ 2400  vehicle*  h 

vehicle  is  4.6  m.  tbc  average  space  between  vehicles  is  40  m - 4.6  m - 35  m . 

96*10'  nth 


(I>1  file  Irequcncv  ot  vehicles  l vehicle*  h)  is 


- 7000  vehicles  h 


1 4.6  r 9.21  nvvehicle 

EVALUATE:  The  trallsc  flow  rate  per  lane  would  nearly  triple.  Note  that  the  traflV:  flow  rate  is  directly 
proportional  to  the  trafllc  speed. 


Ai- 


‘.-‘n 


Use  the  information  atvut  the  uinc 


(a)  IDENTIFY:  Calculate  the  average  acceleration  using  . 

At  t 

and  total  distance  to  find  his  maximum  speed 
SET  UP:  *,,  - 0 since  the  ronrer  starts  from  rest. 

t - 4.0  s,  but  we  need  to  calculate  v|f  the  speed  of  the  runner  at  the  end  of  the  acccVrration  periixl. 
EXECUTE:  For  the  last  9. 1 s - 4.0  s - 5.1  s the  acceleration  is  zero  and  the  runner  travels  a distance  of 
*/,  - (5.1  s)v4  (obtained  using  x - xv  - v,  #f  -f  laj1 ) 

Dunng  the  accclcratxm  phase  of  4.0  s.  where  tlie  velocity  goes  from  0 to  v4,  the  runner  travels  a distance 

di  ^ \ V"\'‘  | r - ^-(4.0  i ) = (2.0  %)vt 


The  total  distance  traveled  is  100  m so  <ix  -t  ds  - 100  m.  This  gives  (5.1  %)v,  + (2.0  s)v4  - 100  m. 

100  m 


- 14.08  m s. 


M 


Now  we  can  calculate  a : a — 3.5  m/s* . 

/ 4.0  s 

(b)  For  this  time  interval  the  velocity  is  constant,  so  . - 0. 

Evaluate:  Now  that  we  have  v wc  can  calculate  d - (5. 1 s XI  4.08  m s)  = 71.9  m and 
d2  -(2.0  sX  14.08  in's)  - 28.2  m.  So.  d{  * di  ^ 100  m.  which  checks. 

i*  — v 

(c)  IDENTIFY  and  SET  UP:  amK  - — — — . where  now  the  time  interv  al  r*  the  full  9. 1 s of  the  race. 
Wc  have  calculated  tbc  final  speed  to  he  14.08  nv's.  so 

14,08  m s 


5 nvv. 


I. 


EVALUATE:  The  acceleration  is  zero  for  the  last  5. 1 s.  so  it  makes  sense  foe  the  answer  in  part  tc)  to  be  less  than 
half  the  answer  in  part  (a). 

(d)  The  runner  spends  different  litre*  moving  with  the  average  accelerations  of  parts  la)  and  |b). 

IDENTIFY:  Apply  the  constant  acceleration  equations  to  the  motion  of  the  sled.  The  average  velocity  for  a time 
At 

interval  At  is  r^.4  - — 
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SKI  L’P:  Lei  + x he  parallel  to  the  uxliix  and  directed  down  the  incline.  Tlx  problem  doesn't  state  how  much 
time  it  takes  the  sled  to  go  from  tbe  top  to  14.4  m from  the  top. 

EXECUTE:  U>  14.4  m to  25.6  m:  v - 1,1 — 1 * * 1,1  - 5.60  m s . 25.6  to  40.0  m: 

2.00  s 

40.0  m -25.6  m _ n . 57.6  m -40.0  m n ^ , 

%•  7.20  m s . 40.0  m to  57.6  m:  v . - 8.80  m’s . 

2.00  s 2.00  s 

(h)  For  each  segment  we  know  x-  X , and  / but  we  don’t  know  or  vt . Let  xt  - 14.4  m and  x%  - 25.6  m . For 
this  interval  I .V.  j -L — 1 and  at  - v2  - \\  . Solving  for  v\  gives  v\  - 4 -at  t — — Let  Xs  - 25.6  m and 


Y)  - 40.0  m . For  this  second  interval.  | — - — j- -and  at  - v,  - iv  . Solving  fee  v\  gives 


t\  - -• *«r/  ♦ — Setting  these  two  expressions  fee  v>  eqiul  to  each  other  and  solving  for  a gives 


-|(40.0  m - 25.6  m)-<25.6  m - 14.4  m))  ^ 0.80  m's: . 


Note  that  this  expression  fora  says  a • . where  v^  |}aod  vt  ,f  are  the  average  speeds  fee  sixeexsive 

2. CXI  s intervals. 

|c>  For  the  motion  from  x - 14.4  m to  x - 25.6  m , x - xv  - 1 1 .2  m . at  - 0.80  m s*  and  / - 2.00  s . 

.Y-*.  , . 11.2  m 


Y-x.  ^v../rT^  f gives  - 


- 1 - 


- —tu.au  m s*  X-  00  s | — 4 .80  m s 


/ 2 00  s 2 

(cl | For  the  motion  freen  .y  - 0 to  x - 14.4  m . x - x^  - 14.4  m . v4t  = 0 . and  r - 4.8  m’s  . 

I 2 ) + 4.8  mi's 

(e)  For  this  1 .00  s time  interval,  t - LOO  s . - 4.8  m's , at  - 0.80  mi's1 . 

x-X.  = W + 7*/  *(4.E  m's  X 1.00  si  + i<0.80  ms*  *1.00  *)*-5.2  m . 

Evaluate:  With  X - 0 at  the  top  of  the  hill.  x(t)  - \\J  -f  i^aj1  - <0.40  m'sJ  IT . We  can  verify  that 
f- 6.0  s gives  r- 14.4  in.  /- S O s gives  25.6  m /- 10.0  * gives  40.0  m.  and  f-  12.0  s gives  57.6  m 
iDE.MItV:  When  tlx  graph  of  v,  versus  / is  a straight  line  the  acceV^ation  is  constant,  so  this  motion  consists  of 
two  constant  acceleration  segments  and  the  constant  acceleration  equations  can  be  used  fee  earh  segment.  Since 
v4  is  always  positive  the  motion  is  always  in  the  +x  direction  and  the  total  distance  moved  equils  the  nugnitudc 
of  the  displacement.  The  acceleration  aK  is  the  slope  of  the  v.  versus  / graph. 

SKI  L’P:  For  the  t - 0 to  / - 10.0  s segment.  \\.t  - 4.00  m s and  vt  - 12.0  m's . For  the  t - 10.0  s to 

12.0  s segment,  v*  = 12.0  m s and  v =0  . 


EXECUTE:  (u > For  / -0  to  / - 10.0  %%  .y-x^  - J 111— — jr  - 11  \ ~ M * |<!0.0s)-  80.0  m.  For 


r - 10.0  s to  / - 12.0  s.  X-  x.  - : " A'  * * ",  1(2.00  s)  - 12.0  m . The  total  distance  traveled  is  92.0  m 


(b)  y-x,  -80.0  m-t  12.0  m -92.0  m 

, __  . tAn  12.0  mi's -4.0  m’s 

(c>  l or  / - 0 to  10.0  s.  a,  - — 

0-12.0  m s 


10.0 


0.800  ms*.  For  / - 10.0  s to  10 2 s, 


2.00 


- -6.00  in  s’ . Tlx  cram  ol  a versus  / is  given  in  liL’urc  2.61. 
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2.64. 


EVALUATE:  Wien  v.  and  at  arc  both  positive,  the  speed  increases.  When  v.  is  positive  and  is  negative,  tlx 
speed  decreases. 


*0.4  n/sa 

a 


iao»  \Zf)> 


- bfl  n/s2  f-  — 

Figure  2.61 

IDLYIIFY:  Since  light  trav  els  at  constant  speed,  d -ct 

SKI  UP:  The  distance  from  the  earth  to  the  sun  is  1 .50  x I01  m . Tlx  distance  from  the  earth  to  the  moon  is 
3.84x10*  m.  c = 186.000  mis. 

Execute:  (■>  d=a- (3^x10*  m'*xi  l'  77  J | = 9.Sxlo“  m 

(b)  d -(3.0*  10'  m%KlOv»)- 0.30  m 

(c)  f - — - l 5 -"y''"  - SCO  s - g 33  min 

c 3.0»  10  m/s 

. <1  213.84x10' m)  _ , 

(cl)  r 2 6* 

i 3.0x10’  nyi 

£ 3x 10*  ml  a,fc,Qp„4Sh 
c 1 86. COO  mi/s 

EVALUATE:  The  5pccd  of  light  is  very  large  but  it  still  takes  light  a mcasurabk:  length  of  time  to  travel  a large 
distance 

IDENTIFY:  Speed  is  distance  d divided  by  time  t.  The  diviance  around  a circular  path  is  J - 2zR . vvlxrc  R is  the 
radius  of  the  circular  path 

SET  UP:  The  radius  of  the  earth  is  - 6.38  x 10*  m . Tlx  earth  rotates  once  in  1 day  - 86.400  s . Hie  radius  of 
tlx  earth's  orbit  around  the  sun  is  l.50x  1 0 ' m and  the  earth  completes  this  ccbit  in  1 year  - 3.1 56 x 10  s . Tlx 
speed  of  light  in  vacuum  is  c - 3.fXix  10*  nvs  . 

Execute:  ,„)  v-i l0'  n>l -4M m* . 
r / 86.400  s 


...  2 xR  2*11.50x10“  m)  . , 

^ VaT"  3.156x10  * 


(cl  Tlx  time  for  light  to  go  around  once  k t 

c c 


d 2xR.  2.r(6.38xl0‘  ml 


3.00x10*  m 


- 0. 1 336  s . In  1 .00  s light  would 


irourxl  the  earth 


- 7.49  times  . 


0.1336  s 

EVALUATE:  All  tlxse  speeds  arc  large  compared  to  sfxeds  of  objects  in  our  everyday  experience. 

IDLN I1FY:  When  tlx  graph  of  v.  versus  t is  a straight  liix  the  acceV^ation  is  constant,  so  this  mixtion  consists  of 
two  constant  acceleration  segments  and  the  constant  acceleration  equations  can  be  used  for  each  segment.  Foe 
t - 0 to  5.0  s.  v4  is  positive  and  the  ball  moves  in  the  -t.v  direction.  For  / - 5.0  s to  20.0  s.  v,  is  negative  and  the 
ball  moves  m the  -x direction  The  acceleration  <jt  is  the  slope  of  the  v4  versus  / graph. 

SET  t’P:  Foe  the  / - 0 to  / - 5.0  s segment.  v*,4  - 0 and  v.  - 30.0  m's  . For  the  r - 5.0  s to  t - 20.0  s segment. 

v.  =-20.0  nvs  and  v =0. 
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2.66. 


EXECUTE: 


, r-  ( *t.  +VM  \ fo-f  30.0  m'*  , 

U) For  / - 0 to  5.0  x,  g-^-l  * If  ^1 - 1 


(5.0  m's>  - 75.0  m . The  hall  travels  a 


distarxe  of  75.0  m.  I ce  r - 5.0  x to  20.0  x.  x - xv  - 1 ^ * — - |<  1 5 .0  m's»  - - 1 50.0  m . The  total  distance 

traveled  is  75.0  m + 150.0  m - 225.0  m . 

|I»I  The  total  displacement  is  x - xx,  - 75.0  m ♦<  - 150.0  m)  - -75.0  m . Tlx  ball  cods  up  75.0  m in  the  negative  a 
direction  from  where  it  started. 

(c>  For  i - 0 to  5.0  x.  <i4  — ■ 6.00  m s* . For  / - 5.0  s to  20.0  s.  at  " - +1.33  m s* . 

4 5.0  s 15.0  s 

Tlie  graph  of  a,  versus  / is  given  in  Figure  2.64. 

(d)  The  ball  is  xn  contact  with  the  floor  for  a small  but  non/cm  period  of  time  and  the  direction  of  the  velocity 
doesn't  change  instantaneously.  So.  no.  the  actual  graph  of  i,(f)  is  not  really  vertical  at  5.00  s. 

EVALUATE:  For  / - 0 to  5.0  s.  both  and  a , arc  positive  and  the  speed  increases.  For  r - 5.0  sto  20.0  *.  v.  is 
negative  and  a . is  positive  and  the  speed  decreases.  Since  the  direction  of  motion  is  not  the  xanx  throughout,  the 
displ&remcnt  is  not  cqiul  to  the  distance  traveled. 


r»on  m1* 


o | 50  > 20.0  s 

Figure  2.64 

1 Dl.vi  II Y and  SKI  UP:  Apply  constant  acceleration  equations. 

find  the  velocity  at  the  start  of  the  second  5.0  s;  this  is  the  velocity  at  the  end  of  the  first  5.0  s.  Then  find  r - a*,  for 
the  first  5.0  s. 

Execute:  For  the  first  5.0  X of  the  motion.  - 0.  / - 5.0  s. 
v4  “ v0l  + aj  givex  »-4  « o4<5.0  x). 

This  is  tlie  initial  speed  for  the  second  5.0  x of  the  motion.  For  the  second  5.0  s: 

Vi.  “ <*.(5.0  s)  r - 5.0  x x-Xt-lStim 

x - x*  - YfJ  + *akC  gives  1 50  m - <25  s:  \at  + <125  x*  and  o.  - 4.0  iw's* 

Use  this  at  and  consider  the  first  5.0  s of  the  motion: 
v„,l  ’ -uf  - 0 * 4(4.0  m '!*'  MS.O  ~ 500  m 

EVALUATE:  The  bull  is  speeding  up  so  it  travels  farther  in  the  second  5.0  x interval  than  in  the  first.  In  fact. 
x - x , is  proportwna]  to  /*  since  it  starts  from  rest.  If  it  goes  50.0  in  in  5.0  x in  twice  tlie  time  ( 10.0  s)  it  should  go 
four  times  as  far.  In  10.0  s we  calculated  it  went  50  m ♦ 150  m - 200  m,  which  « four  times  50  m. 


Identity:  Apply  ^ v„/ 


tlie  motion  of  each  train.  A collision  means  the  front  of  the  tussenuer 


train  is  at  the  same  location  as  the  caboose  of  the  freight  train  at  some  common  tinx. 

SET  UP:  Let  P he  tlx  passenger  train  and  F he  tlx  freight  train.  For  tlx  front  of  the  passenger  train  x,  - 0 and  fee 
tlx  caboose  of  the  freight  train  x.t  - 200  m . Fee  the  freight  train  \\  - 15.0  m s and  a%  - 0 . For  the  passenger  train 
v,  - 25.0  ms  and  a,  •=  -0. 100  m s* . 

Execute:  (u)  x - x.  - v.v  +±at3  for  each  object  gives  xf  - vJ  + ~<jtC  and  v - 200  m -f  v i . Seiting 


Yp  - a*,  gives  V J -t liT.i  - 200  m -t  r.i  . <0.0500  m*J )T  -<10.0  msk  + 200  m - 0.  The 


quadratic 


formula  givei  r 1— ( *10.0t  I0.0)!  - 4(0.0500H  2001 ) % ^ (100  J 77.5)  * . 


The  collision  occur  at 


t - 100  % - 77.5  s - 22.5  s . The  cqiutionx  that  specify  a collision  have  a physical  solution  (real,  positive  fL  so  a 

collision  does  occur. 


2.67. 


2.68. 


2.69. 
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(h)  .rf.  - (25.0  nvx»(22.5  s)r  f (-0.100  ms*'x22.5  s)3  -537  m . The  passenger  train  moves  537  m before  the 
collision.  The  freight  train  moves  (15.0  m/sK22.5  x)  -337  m . 

(c>  The  graphs  of  x,  and  x,  versus  r arc  sketched  in  Figure  2.66. 

Evaluate:  The  second  root  for  the  equation  for  f , l — 177.5  s is  the  time  the  trams  would  meet  again  if  they 
were  on  parallel  tracks  and  continued  their  motion  after  the  first  meeting. 


Figure  2.66 

I DEN  I1FY : Apply  constant  acceleration  equations  to  the  motion  of  the  two  objects,  you  arxl  the  cockroach.  You 
catch  up  with  the  roach  when  both  objects  are  at  the  sanx  place  at  the  same  time.  Let  The  the  tinx  when  you  catch 
up  with  the  cocknsach. 

SET  L’P:  Take  x - 0 to  be  at  the  ( - 0 location  of  the  roach  and  positive  x to  he  in  the  direction  of  motion  of  the 

two  objects. 

roach: 

v*  - 1 .50  ms.  aa  * Q>  - 0.  x-1.20  m.  t - 7* 
you: 

vj4  - 0.80  ms.  xv  - -0.90  m,  x-1.20  m.  i - 7. 

Apply  x — xt  - vl4/  -t  fa./’  to  both  objects: 

Execute:  roach:  1.20  m - (150  m s>r.  so  r - 0.800  s. 
you:  1 .20  m - (-0.90  ml  = <0.80  m i)T  + f 0.7° 

2.10  m - (0.80  m sKO.KOO  s)  + fa. (0800  s)? 

2.10  m -0.64  m + (0320  s3K 
a.  - 4.6  m.'s3. 

(v  ♦ »•  \ 

^ — J/  - 2.10  m.  which  checks. 

You  have  to  accelerate  to  a sjxcd  greater  than  that  of  the  roaeh  so  you  will  travel  the  extra  0.90  m you  arc  initially 
behind. 

IDENTIFY : The  insect  has  constant  speed  15  m s during  the  tmx  it  takes  the  cars  to  come  together. 

Ski  Up:  Each  car  has  moved  100  m when  they*  hit. 

ICO  m 

10  s . During  this  time  the  ura\shnppcr  travels  a distance  of 


EXEC  I TL:  The  tunc  until  the  cats  hit  is 


lu  ms 

(15  m/sK10  *)-  150  m. 

EVALUATE:  The  grasshopper  ends  up  ICO  in  from  where  it  started,  so  the  magnitude  of  his  final  displacement  is 
100  m.  This  rs  less  thin  the  total  distance  he  travels  since  he  spends  part  of  the  time  moving  in  the  opposite 
direction. 

Identify : Apply  constant  acceleration  equations  to  each  object. 

Take  the  origin  of  coordinates  to  be  at  the  initial  position  of  the  truck,  as  shown  in  Figure  2.69a 
Let  J hr  tlx  distance  that  the  auto  initially  is  behind  the  truck,  so  xjautol  - -d  and  ^(truck)  =0.  Lei  The  the 
time  it  takes  the  auto  to  catch  the  truck.  Thus  at  time  7 the  truck  has  undergone  a displacement  x-  a*,  - 40.0  m.  so 
is  at  x - .v.  + 40.0  in  - 40.0  m Tlx  auto  has  caught  tlx  truck  so  at  tmx  T is  also  at  x - 40.0  m 


j.  - 3.40  iiu*  *" 


T— -Q 


Figure  2.69u 


2-2* 


Chapter! 


(a)  SET  Ur:  Use  Ihe  motion  of  the  truck  to  calculate  T: 
x - x,  - 40.0  m.  vll4  - 0 (starts  from  restk  ak  - 2.10  mi5,  / - T 

Since  vU(  ifl.  ihu  give  t = 

Execute:  J.pj.  6.17, 

T 2.10  nvV 

do  Ski  Up:  Use  the  motion  of  the  auto  to  calculate 
.y  - x,  - 40.0  mtJ.  \Vt  -0.  at  -3.40  m /s\  I -6.17  s 

*-*aW*7*/ 

Execute:  </  + 40.0  m - i(340  m s*  X6.1 7 s)3 

J ^ 64.S  m - 40.0  m ^ 24.H  m 

(cl  auto:  v 4 - v„4  + aj  - 0 + (3.40  ro's3  ((6. 1 7 s)  = 2 1 .0  m s 

truck:  v,  » v0,  +•  <*./  - Or <2.10  nVs*K6  l7  s)- 13.0m ft 

(dl  The  graph  is  sketched  xn  figure  2.69b. 


Figure  2.69b 

Evaluate:  In  part  (c)  we  found  that  the  auto  was  traveling  faster  than  the  truck  when  they  come  abreast.  Tlx 
graph  in  part  l il  t agrees  with  this:  at  the  intersection  of  the  two  curves  the  skipc  of  the  x«/  curve  for  the  auto  is 
greater  than  that  of  the  truck.  The  auto  must  hive  an  average  velocity  greater  than  that  of  the  truck  since  it  must 
travel  farther  in  the  same  time  interval. 

2.70.  iDt.Ml^ : Apply  the  constant  acceleration  equations  to  the  motion  of  each  car.  The  collision  occurs  when  the 
cans  arc  at  the  same  pl&rc  at  the  xanx  time. 

SKI  UP:  Let  +x  be  to  the  right  Let  r - 0 at  the  initial  location  of  car  1 . so  xytl  - Oand  xlXi  - D . The  cars  collide 
when  t,  * r, . v0tl  - 0 , alt  = a, , vl0  = -ig  and  <rtJ  - 0 . 

Execute:  i u>  y-  x,  - v«.l  +4<r.f 3 gives  x,  - la/  and  x1=D-  vy . x,  - x2  gives  la/  aO-v, T . 

lu/  + vy  - D - 0 . The  quadratic  formula  gives  t - — | — 16  ± yjtp  -t  2a t D ) . Only  the  positive  root  is  physical. 


|h)  v,  = a I = + la^D  - v, 

(c>  The  v.'  and  i •/  graphs  for  the  two  cars  are  skctclxd  in  figure  2.70. 
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2.71. 


2.72. 


2.73. 


Evaluate:  In  the  limit  that  a - 0 . D-yj  -0 and  f - Dfy. . the  time  it  takes  car  2 ti>  trawl  distance  D In  the 


limit  that  » - 0.  f - !—  . the  time  it  takes  car  1 to  travel  distance  D 
a 

* 

0) 


IDEMIFY:  Tbc  average  speed  is  the  distance  traveled  divided  by  th:  tm>:.  Th:  average  velocity  is  - -^1 

SET  L7P:  Tbc  distance  the  hall  travels  is  half  the  circumference  of  a circle  of  diameter  50.0  cm  so  is 

- -t.t(50.0  cm)  - 78.5  cm . Let  -t.t  he  hon/ontally  from  tbc  starting  point  toward  th:  ending  point,  so 
Ay  equals  the  diameter  of  the  bowl 


Execute:  (u)  The  average  speed  is 


Ixd  78.5  cm 


10.0  s 


7.K5  cm  s. 


Ay  50.0  cm 

(b)  Tlie  avcraie  velocity  is  v 5.00  cm's . 

Aj  10.0  s 

EVALUATE:  The  average  speed  is  greater  than  the  magnitude  of  the  average  velocity,  since  the  distance  travcV^l 
is  greater  than  the  magnitude  of  tbc  displaccircnt. 

IDENTIFY:  at  is  the  slope  of  the  v.  versus  / graph,  .r  is  the  area  under  the  vt  versus  / graph. 

SET  L7P:  The  slope  of  vt  is  positive  and  decreasing  in  tmgnilixle.  As  vt  increases,  the  displacement  in  a given 
amount  of  time  increases. 

EXECUTE:  TTic  u. -j  and  y-i  graphs  are  sketched  in  Figure  2.72. 

EVALUATE:  vt  is  the  slope  of  the  .x  versus  / graph.  The  aff)  graph  w e sketch  has  zero  slop:  at  / - 0 . the  slope  is 

always  positive,  and  the  slope  initially  increases  and  then  approaches  a constant.  This  behavior  agrees  with  th: 
v4(/)that  is  given  in  the  graph  in  the  problem. 

A 


IDENTIFY:  Apply  constant  acceleration  equations  to  each  vehicle. 

SET  L'P:  (a)  It  is  very  convenient  to  work  in  coordinates  attached  to  the  truck. 

Note  that  these  coordinates  move  at  constant  velocity  relative  to  the  earth.  In  these  coordinates  the  truck  is  at  rest 
and  the  initial  velocity  of  the  car  is  v4t  - 0.  Also,  the  car’s  acceleration  in  these  coordinate*  is  the  same  as  in 
coordinates  fixed  to  the  earth 

EXECUTE:  First,  let's  calculate  how  far  the  car  must  travel  relative  to  the  truck:  The  situation  is  sketched  in 
Figure  2.73. 


4 5 in 


L . - 


ltd. 


24.0  m • 1 K 26.0 

24.0  a + 2lJ>m  + 26.0  a - AS  in  = 7 iS 


'A  * «'» 


Figure  2.73 
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2.74. 


2.75. 


The  car  goes  from  x,  — -24.0  in  to  .r  - 5 1 _5  m.  So  a*  - x,,  - 75.5  m for  the  car. 
Calculate  the  time  it  takes  the  car  lo  travel  this  distance: 
a.  - 0.600  ms\  vVt  - 0.  a - a,,  - 75.5  m.  I -? 


a 


2(75.5  in  i 


-15. 


0.600  Bis 

It  takes  the  car  15.9  s to  pass  the  truck 
(l>)  Need  how  far  the  car  travels  relative  to  the  earth,  so  go  now  to  coordinates  fixed  to  the  earth.  In  these 
coordinates  vU4  - 20.0  m s for  the  car.  Take  the  origin  to  be  at  the  initial  position  of  the  car. 

v*  - 20.0  m s.  a,  - 0.600  m's3,  / - 1 5.86  s.  a - a,  - ? 

.v  - x;,  - vu,/  + yakr  ^ (20.0  m s>  1 5.86  s)  + i(0.600  m's3 HI  5.86  s)3 
x-Xi  =•  317.2  m + 75.5  m ^ 393  m. 

(c>  In  coordinates  fixed  to  the  earth 

V4  ■-  vd4 + aj  ^ 20.0  m s + (0.600  mfc*)(15.S6  si  ^ 29.5  m/s 

Evaluate:  In  1 5.9  s the  truck  travels  x - - (20.0  m*X  1 5.S6  s)  - 3 1 7.2  m The  car  travels 

392.7  m -317.2  m - 75  m farther  than  \\k  truck,  which  checks  with  part  (al.  In  coordinates  attached  to  the  truck. 

v«  t v 


tor  the  car  i - 


r - 9.^  tn  n and  in 


car  travels  x - x -> 


f - 75  m.  whsch  checks  with 


part  (ak 

I DIMITY:  The  acceleration  is  not  constant  so  the  cceistant  acceleration  equations  cannot  be  used.  Instead,  use 
a(lf|-^-ur>d  v-.vp»|  v.dtf/ . 

Snip:  [t'dt  - — 1— (”'  lor  niO. 

3 n.l 

Execute:  (at  x(l)  = xatfjla-fftlyit-xttat-\/ll‘.  j-0at  1-0 gnr*  *,  -Oanil 


x(i)-ai  -<400  m'*y  -<0.667  1 . a, (l)  = — - -2/fr  ^ -(4.00  m*'|f  . 

(ft 

(hi  The  maximum  positive  a*  is  when  »•  - 0 and  a < 0.  v - 0 gives  a - fit'  - 0 and 


a i 4.00  m s 

f - ( ‘TTTi 7 ” 1 -4*1  5 • ,hi* r*  “ negative.  For  t - 1.41  s . 


•V  - <4.00  m'i)<  1 .4 1 s»  - <0.667  mV «l  .4 1 *)‘  = 3.77  m . 

EVALUATE:  After  / - 1 .4 1 s the  object  starts  lo  move  in  the  -a  direction  and  goes  to  x - as  t -+  x 
a (r)  = <?  + /&.  with  a - -2.00  ms3  and  //  - 3.00  m i%* 

(a)  IDENTIFY  and  SET  up:  lntegrage  <jt0)  to  titxl  if(f)  and  then  integrate  v4(f)  to  find  a(f). 

Exixite:  v,  = v,.  + J'«.  dt  = »-„*/'(« +/*!<*  = at+i/k1 
- H, . $ v,  di  - x„  ■»  J <!,.  'oo  -J)r  <dt  - x,*  v.  f » ini'  * i/fr ' 


At  r - 0.  j = a*. 

To  have  a-a0  at  r,  -4.00  s requires  that  v,./,  + lai;  + i/ftf  -0. 

Tluis  v„,  - -*/**  - - -4(3.00  m s )(4.00  s>3  - *(-2.00  m's3  X4.00  s>  - -4.00  nvs. 

(Hi  With  v4t  as  calculated  in  part  (a I and  t - 4.00  s, 

v4  - v04  +(21  + Irpi'  - -4.00  s r (-2.00  ms1  )l 4.00  s>  + 4(3.00  nWs*  X4.00  s)3  ^ +12.0  nvs. 

EVALUATE:  a - 0 at  / - 0.67  s.  For  / > 0.67  xf  at  >0.  At  / - 0.  the  particle  is  moving  in  the  -a  direction 

and  is  speeding  up.  After  l - 0.67  s.  when  the  acceleration  is  positive,  the  objart  slows  down  and  then  starts  to 
move  in  the  *A-dircctic«i  with  increasing  speed. 
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2.76. 


2.77. 


2.78. 


2.79. 


IDI.M1FN : Find  the  distance  the  professor  walks  dunng  tfo:  Ixme  / it  takes  th:  egg  to  fall  to  the  height  of  his  head. 
SET  UP:  Let  +y  be  downward.  The  egg  has  vt/  - 0 and  <7,  - 9.80  m s* . At  the  height  of  the  professor's  head. 


the  egg  has  y - y4  - 44.2  m . 

Execute:  y - yu  - vb»  + ±at3  gives  / - 


1,11  - 3 00  s . The  professor  walks  a distance 
9.80  mV 


x - a;,  - v;,./  - (1 .20  m>’s)(3.00  s)  - 3.60  m . Release  tlic  egg  when  your  professor  is  3.60  m from  the  point  directly 
below  you. 

Evaluate:  Just  before  the  egg  lands  its  speed  is  (9.80  ms*  X3.IX>s|  - 29.4  m's  . It  is  traveling  nuxh  faster  than 
the  professor. 

IDENTIFY:  Use  the  constant  acceleration  equations  to  establish  a relationship  between  maximum  height  anil 
acceleration  due  to  gravity  and  between  time  in  the  air  and  acceleration  doc  to  gravity. 

SET  UP:  Let  +}'  be  upward.  At  the  maximum  height,  r - 0 . When  the  rock  returns  to  the  surface,  y - y,  - 0 . 
EXECUTE:  (u)  vf  - i*.  + 2a Jy - y, ) gives  a,//  - -yif, . which  is  constant,  so  au//t  - a^//u  . 


##„-//,  * '-//f980""-;  I - 2.64// 

(h)  y - y,  - v4.I  + itf,/*  with  X “ >«•  - ® gives  at  - -2v», . whKh  is  constant,  so  iit  Tt  - auTu  . 


-rt 


- 2.647*  . 


EVALUATE:  ()n  Mars.  wlxrc  the  acceleration  due  to  gravity  is  smaller,  the  rocks  reach  a greater  height  and  arc  in 
the  air  for  a longer  time. 

IDENTIFY:  Calculate  the  time  it  takes  her  lo  run  to  the  table  and  return.  This  is  the  time  in  tlic  air  for  the  thrown 
ball.  The  thrown  ball  is  in  free-fall  after  it  is  thrown.  Assume  air  resistance  can  be  reglcctcd. 

SET  UP:  Tor  the  thrown  ball,  let  + v be  upward,  a - -9.80  m s*  . r - y0  - 0 when  the  ball  returns  to  its  origitxil 


position. 

Execute: 

y - y«  - 0 , 
v«,  - 


la)  It  takes  her  — • 2.20  s to  reach  the  table  and  an  cquil  time  to  return.  Tor  the  ball. 

i - 4.40  sand  a f - -9.80  m's*' . y - y4  = vbi + gives 
- -£<-9.80  in S!X4.4<)  *>  = 21.6  m's  - 


<!>)  Find  r - when  r = 2.20  s.  y-y,  = v„/  =(21.6  m‘sX2.2Ds)-l-^(-9.80  =23.8  m 

Evaluate:  It  takes  the  bull  the  same  anxiunt  of  time  to  reach  its  maximum  height  as  to  return  from  its 
maximum  height,  so  when  she  rs  at  the  table  the  ball  is  at  its  maximum  height.  Note  that  this  large  maximum 
height  requires  that  the  act  cither  he  done  outdoors,  or  in  a building  with  a very  high  ceiling. 

(a)  Identity  : Use  constant  acceleration  equations,  with  a - g.  downward,  to  calculate  tfo:  spvcd  of  the  diver 
when  she  reaches  the  water. 

SET  Up:  Take  th:  origin  of  coordinates  to  be  at  the  platform,  and  take  the  +y  direction  to  be  downward. 
y - y,  - +21.3  m d4  - +9.80  m sJ,  v«,  - 0 (since  diver  Just  steps  oft),  v - ? 


^ = 2d. (>-->,) 

Execute:  v,  - +^2<r.(r- v.)  - *^2<9  nV*' '1(31.3  ml  = +20.4  ml. 

We  know*  that  v.  is  positive  because  the  diver  is  traveling  downward  when  she  readies  the  water. 

The  announcer  has  exaggerated  the  speed  of  the  div  er. 

EVALUATE:  We  could  also  use  y - y\.  - », ,/  + 7j.  r to  find  t - 2.085  s.  The  diver  gains  9.S0  m s of  speed  each 
second,  so  has  v - (9.80  m’s*  X 2.085  s)-  20.4  m s when  she  reaches  the  water,  which  checks. 

(h)  IDENTIFY:  Calculate  the  initial  upward  velocity  ncc&d  to  give  the  diver  a speed  of  25.0  m s when  she 
reaches  the  water.  Use  the  same  coordinates  as  in  part  (a). 

SET  UP:  »t%  ■ ?,  »•  - *-25.0  m s.  a%  - +9.80  m sJ . y - y4  - +21.3  m 

=i.,,’2i  .(>-»„> 
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2. HO. 


2.81. 


2.82. 


EXECUTE:  vtf  * -^-2</,(y-yJ  - -^<25.0  nv*)1  - 2<9.80  mV'H2!.3  m)  - -14  .4  m/s 
(v4f  is  negative  since  the  direction  of  the  initial  velocity  is  upward  ) 

Evaluate:  One  way  to  dxidc  if  this  speed  is  rcasomblc  is  to  calcuhtc  the  maximum  height  above  the  platform 
it  would  piodixc: 

v4,  - -14.4  mfe,  \\  - 0 (at  maximum  height)'  a,  - *9.S0  m's\  y - y0  = ? 

2^.  (>-->,> 

v‘.  0-1-14  4 %y 


k ~ V 


- u.ti  m 


2u 


2(*9.S0  m's) 

This  is  not  physically  attainable:  a vertical  leap  of  10.6  m upward  is  not  possible. 

iDf.MItY:  The  flowerpot  is  in  free-fall.  Apply  the  constant  federation  equations.  Use  the  motion  past  the 
window  to  find  the  speed  of  tbc  flowerpot  as  it  reaches  the  top  of  tlx  window.  Then  consxlcr  the  motion  from  the 
windowsill  to  the  top  of  the  window. 

SET  Up:  Let  +y  be  downward.  Throagboot  the  motion  »rf  - *9.80  mV . 

Execute:  Motion  past  tlx  window:  y- y„  - 1.90  m . / - 0.420  s . a,  - *9.80  mV  . y-y,  = vu,l  -f  la/  gives 
vl#  * - — — - lati  - ■*  *'  j-'  - t<9.80  mi's1  N0.420  s)  - 2.466  m s . This  is  the  velocity’  of  the  flowerpot  when  it  is 
it  the  top  of  the  window. 

Motion  from  the  w indowsill  to  the  top  of  tlx  window:  »•  - 0 . r - 2.466  m/s  . at  - *9  80  m s* . 


=»;,  + 2i.(>*-v4> gives  y-v, 

below  the  windowsill. 


;-v,\  12.466  m s >:  -0 
2at  2(9.80  nvs;) 


0.3 10  m . The  top  of  the  window  is  0.3 10  m 


Evaluate:  It  takes  the  flowerpot  / ; - — * 1-1  - 0.252  s lo  fall  from  the  sill  to  the  top  of  the 

a 9.80  in  f 


window.  Our  result  says  thit  from  the  windowsill  the  pot  falls  0.310  m-f  1.90  m - 221  m in 
0.252  s * 0.420  s - 0.672  s . v - y\  - v4(  t * la/  - li 9.80  m s*  K0.672  s»J  - 2.2 1 m . which  cheeks. 

IDLN I1FY:  For  parts  la)  and  l b)  apply  the  constant  acceleration  cquitions  to  the  motion  of  the  bulkl.  In  part  (c) 
neglect  air  resistance,  so  the  bullet  is  free-fall.  Use  tlx  constant  acceleration  equations  to  establish  a relation 
between  initial  speed  and  maximum  height  //. 

SET  UP:  for  parts  (a)  and  (b)  let  *.r  be  in  the  direction  of  motion  of  the  bullet.  For  part  (c)  let  *y  be  upward,  so 
a,  - -g  . At  tlx  maximum  height,  v - 0 . 


Execute:  (u)  .r  - x%  - 0.700  m . v4i  - 0 , v - 965  m s . r;  - *-  2<r#(x  - xu»  gives 

.7,  - . V-  ~ ‘ _ 6 65  ■ 1 0‘  m'.1 . ft  = 6.79x  10’ . *o  o.  = (6.T9- 10*  )g 

2(0.700  m)  g 

...  (>’.ry)  ■ 2(1-1.)  2(0.700  ml 

I 2 J iv. 4i'.  0.965  nv* 


1.45  ms . 


(c)  ^ +2a, (y-v,) and  v.  - Ogives 


»;  r 


U -1/  f f-Tvl  I 

l ) \ ) 


— ■ — - -2a t . which  is  constant.  — 1 

>->,  ",  //; 


Hf  4 . 


Evaluate:  //  - J — 1 U%>  ‘1‘  M - 47.5  km  Rifle  bullets  tired  vertically  don't  actually  rcich  such  a 


21-9.80  m s* » 


large  height:  it  is  not  an  accurate  approximation  to  igncee  air  resistance. 

iDSXnrV:  Assunx  the  firing  of  the  second  stage  lasts  a very  sheet  tinx.  so  the  rocket  is  in  free-fall  after  25.0  s. 
The  motion  consists  of  two  constant  acceleration  segments. 

SET  Up:  Let  +y  be  upward.  After  t - 25.0  s . a,  - -9.S0  nVs* . 

EXECUTE:  (u)  Find  the  Ixight  of  the  rocket  at  / - 25.0  s : i „ - 0 . a,  = *3.50  mV , / - 250  s . 
y - y\  - v4,f  + la/  -443.50  m'sX25.0  s)J  - 1.0938  x 1 0l  m . Find  the  displacement  of  the  rocket  from  firing  of  the 
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2.84. 


tccocxl  stage  until  the  maximum  height  is  reached:  i6/  - 132.5  m's  . v,  - 0<at  maximum  height), 

v;  - »;  + 2u  |>  - yt > gives  > - y,  - 1 ’ ~ ''  - jS96  m - nc  tota]  “ 

1094  m+S96m  = 1990  m. 

|b>  vIt  - +132.5  ms  . * - -9.80  m s* . v-  y,  - -1094  m . v-  r - v t + ±at3  vives 


-9.80  mV 


-1093.8  m - <132.5  m s)f  -<4.90  mV  K3 . The  quxlrntic  formula  gives  / - 33.7  sas  tlx  positive  root.  Tlie  rocket 
returns  to  the  lauixh  pad  33.7  s after  the  second  stage  fires. 

<0  v.  - *•,  + <V  - +132.5  m's  + (-9.80  m's-'  M33.7  s>  - -198  m’s  The  rocket  has  sped  198  ms  as  it  reaches  the 
launch  paJ. 

Evaluate:  The  speed  when  the  rocket  returns  to  the  launch  pad  is  greater  than  1 325  m’x.  When  the  rocket 
returns  to  the  height  where  the  second  stage  fired,  its  velocity  is  132.5  m s downward  and  it  continues  to  speed  up 
dunng  the  rest  of  the  descent. 

Take  positive  y to  he  upward. 

<a)  iDt.MIFV:  Consider  th:  motion  from  when  he  applies  the  acceleration  to  when  the  shot  leaves  his  hand 
Set  UP:  v - 0.  v - ?%  a - 45.0  m s\  y - yQ  - 0.640  m 

*>  “ i’i. 

Extent  v,  - a,  ( v - >,)  - J’145.0  m.11  H0.640  ml  - 7.59  ml 

<l>)  IDENTIFY:  Consider  the  motion  of  the  shot  from  the  punt  where  be  releases  it  to  its  maximum  height,  w here 
v = 0.  Take  y - 0 at  the  ground 

SKI  lip:  v,  - 2.20  m.  > - ?,  a,  = -9.S0  n't  (free  fall),  i._  = 7.59  m's 


<lrom  pari  (a),  \\  - 0 at  maximum  height) 


ExECirtE: 


r->o- 


°-,739m^  -2.94  m 
2<-9.S0  mV) 


y =>  2.20  m + 2.94  m - 5.14  m 

(c)  IDLNTIR : Consider  the  motion  of  the  shot  from  the  print  where  he  releases  it  to  when  it  returns  to  the  height 
of  his  head.  Take  y - 0 at  the  ground. 

SETUP:  v, -2.20m  v - 1.K3  m.  o,  - -9.80  ml'.  i',.,  - r7.59  ml  l - ? y-.r,  - v.,f  -is/' 

Execute:  1 .83  m - 2.20  m - 17.59  mill  + i(-9.80  m.->' 

-(7.59  m'*V  - (4.90  m/sV 


4.9CU‘  - 7.59/  - 0.37  - 0.  «ilh  r in  seconds. 

Use  the  quadratic  formula  to  solve  for  (: 

t !— 1 7.59  ± ^/|7-59)*  -4<4.9OK“0.37)  J - 0.774 1 0.822 

/ must  be  poativc.  so  f - 0.774  % + O.S22  s - 1.60  s 

EVALUATE:  Calculate  tlx  tinx  to  the  maximum  height:  - y0/  td  f.  so 

f - (vf  - Y4%  )fa , - -<7.59  m's>(  - 9.80  m s5 ) - 0.77  s.  It  also  takes  0.77  s to  return  to  2.2  m above  the  ground,  for  a 


total  time  of  1.54  s.  His  head  is  a little  lower  than  2.20  m,  so  it  is  reasonable  for  the  shot  to  reach  the  level  of  his 
head  a little  later  than  1.54  s after  being  thrown:  the  answer  of  l.«l  s in  port  (c)  makes  sense. 
iDEVnfY:  The  teacher  is  in  free-fall  and  falls  with  constant  acceleration  9.80  m's* , downward.  Tlx  sound  from 
her  shout  travels  at  constant  sped.  The  soutxl  travels  from  the  top  of  the  cliff,  reflects  from  the  ground  and  then 
travels  upward  to  Ixr  present  kieation.  If  the  height  of  the  cliff  is  k and  she  falls  a distance  y in  3.0  s,  the  sourxl 
must  travel  a distance  h + - y)  in  3.0  s. 


SET  Up:  Let  +y  be  downward,  so  for  the  teacher  a , - 9.80  in  s*  and  v«#  - 0 . Let  y - 0 at  the  top  of  the  cliff. 
EXECUTE:  (u)  For  the  teacher,  y - T<9.80  m's1  X3.0  s y - 44. 1 m . For  the  sound,  k -t  (A  - y)  - vj  . 
k - 4<»7  + y)  - r<IT40  m sJ3.0  s]  ♦ 44. 1 m)  - 532  m . which  rounds  to  530  m. 

<l*»  * 2u,(y - y.) give*  v.  - ^2o.(y-  .,)  - ^2(9.80 ml1)(S32  m)  - 102  ml. 
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2.86. 
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E\ AIA  ATI.:  She  is  in  the  air  for 


102  m s 


- 10.4  s aixJ  strikes  the  ground  at  high  speed. 


Identify  and  SET  Ur:  Let  +>  be  Upward . Each  ball  moves  with  constant  acceleration  at  - -9.80  m s*.  In 
parts  |c)  and  I d|  require  tbit  the  two  halls  be  at  tb:  same  hcigfctf  at  the  same  time. 

Execute:  (u)  At  ceiling.  vt  - 0.  y-y4  - 3.0  m a,  - -9.80  m s5.  Solve  for 
-.li. (>  -.»,}  (five*  v„  = 7.7  m». 

(b)  v,  - rl%  + 1 it  with  the  information  from  part  (a)  gives  / - 0.78  s. 

(c>  Let  the  first  hall  travel  downward  a distaixc  d in  time  / It  starts  from  its  maximum  height*  so  v|t  - 0. 

y - X,  * Kk  1 3 i*f  g»vrs  J=( 4.9  in'*1  )t2 

Tlie  second  bull  has  vJ(  - rO-?  m's)  - 5.1  in  s.  In  time  f it  must  trav  el  upward  3.0  m - J to  he  at  the  same  place 
as  the  first  ball. 

y ~ >4  - V + T°y  gives  3.0  m -da  (5. 1 in  sV  -(4.9  m s*'  )r\ 

W’c  have  two  equations  in  two  unknowns,  d and  /.  Solv  ing  gives  / - 0.59  s and  d - 1.7  m. 

(ell  3.0  m -<f  - 1.3  m 

Evaluate:  In  0.59  s the  first  ball  falls  d - (4.9  in  s3  #0.59  x)3  - 1 .7  in  so  is  at  the  some  bright  as  the 
second  ball 

IDENTITY:  The  helicopter  has  two  scgnxnts  of  motxm  with  constant  acceleration:  upward  acceleration  for  10.0  s 
and  then  free-fall  until  it  returns  to  the  ground.  Powers  has  three  segments  of  motion  with  constant  acceleration: 
upward  acceleration  for  10.0  s.  free-fall  for  7.0  s and  then  downward  acceleration  of  2.0  m s’ . 

SET  Up:  Let  +y  be  upward.  Let  y - Oat  the  ground 

Execute:  (u)  When  the  engine  shuts  off  both  objects  have  upw  ard  velocity 

v - \\%  + a l - (5.0  m's‘)(IO.O  s)  - 50.0  m s and  ore  at  y - vut  + C - ^(5.0  nVs:  »<10.0  s)3  - 250  m . For  the 
helicopter.  v,  - 0 (at  the  maximum  height),  \Vt  - *50.0  m's  . y0  = 250  m . and  a,  - -9-80  m s3 . 

- v,3x  + ln\y  - y4 ) gives  > - *'  + yt  - ^ ™ + -***  m - 378  m . which  rounds  to  380  m. 

(b)  The  time  for  the  helicopter  to  crash  from  tb:  height  of  250  m where  tbc  engines  shut  otT con  he  found  using 

v«,  - +50.0  m’s  * a,  - -9.80  nvs3 . and  y - v,  - -250  m . y - y4  - v„,/  + gives 

-250  m -<50.0  msK  -(4.90  m's3 yt2 . <4.90  m's:V  - (50.0  rn'sK  - 250  m - 0 . Tb:  quidratic  formula  gives 

r - — i-|  50.0 1 •j(SO.Q)1  + 4<4.90)(250) ) s . Only  the  positive  solution  is  physical,  so  I - 13  9 s . Powers  therefore 

has  free-fall  for  7.0  s and  then  downward  acceleration  of  2.0  ins3  far  13.9  s - 7.0  s - 6.9  s . After  7.0  s of  free-fall 

he  is  at  v-»,  - 1 \%t  + la,r  - 250  m*  (50.0  m'sX7.0  x)  + l(-9.80  m s*  K7.0s);  -360  m and  lias  velocity 

v.  = vQt  + aj  - 50.0  m s +(-9.80  m's3|<7.0  s)  = -18.6  m s . After  the  next  6.9  s he  is  at 

y-y\  - v,fr  + ii7  /:  - 360  m + (-18.6  m'*K6.9  s)*4(-2.00  m*3)(h9  s)3  - 184  m Powers  is  184  m above  the 

ground  when  the  helicopter  crashes. 

Evaluate:  When  Powers  steps  out  of  tbc  helicopter  be  retains  the  initial  velocity  he  had  in  tb:  helicopter  but 
his  acceleration  changes  abruptly  fn>m  5.0  m's*  upward  to  9.80  m ’s’  downward.  Without  the  Jet  park  b:  would 
have  crashed  into  the  ground  at  the  same  trnie  as  the  helicopter.  The  Jet  pack  slows  lus  descent  so  b:  is  above  the 
ground  when  the  helicopter  crashes. 

IDENTITY : Apply  the  constant  acceleration  cquitions  to  his  motion.  Consider  two  segments  of  the  motion:  the 
last  1 .0  s and  the  motion  prior  to  that.  The  final  velocity  for  the  first  segment  is  the  initial  velocity  for  the  second 
segment. 

Set  UP:  Let  +y  be  downward,  so  a - *9.80  m s3 . 

Execute:  Motion  from  the  roof  to  a height  of  hfA  above  ground:  v - y4  = 3A/4 , a - +9.80  m'sJ  , i»  - 0 . 
v?  - i*,*,  + 2 d.(>*  - y4)  gives  v,  - ^2flf(y-y0)  - 3.834  Jh  Jin  /s . Motion  from  height  of  h/A  to  the  ground: 
y - y\  - hfA  . a,  - +9.80  in  s3 . v* , - 3 .834 Va  \'m  f% . / - 1 .00  s . y - yv  - v§  f + r 3 give* 
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j - 3.834<s//i  >fm  -t  4.90  in  . Let  h - u'  and  solve  for  ir  Tu'  - 3.S34u  Vm  - 4.90  in  - 0 . 
u - 2(  3.834 1 ^(-3.834)*'  * 4.90  | Jin  . Only  the  positive  root  is  physical,  sou- 16.52  Jm  and  h-u:  - 273  in  . 


winch  rounds  to  270  m.  The  building  is  270  m tall. 


2." 


EVALUATE:  with  n - 273  m the  total  time  of  fall  is  / — I— - 7.46  s.  In  7.47  s-  1. 00  s - 6.46  s Spider- Man 


falls  a distance  y - yit  - 449.80  m s*  M6  46  s):  - 204  m This  leaves  69  m for  the  last  1 .0  s of  fall,  which  is  6.  4. 
IDENTIFY : Apply  constant  acceleration  equations  to  the  motion  of  the  rock.  Sound  travels  at  constant  speed. 

SET  UP:  Let  tul  be  the  time  for  the  rock  to  fall  to  the  ground  and  let  be  the  time  it  takes  the  rouixl  to  travel 
from  the  impact  point  back  to  you.  iut  *t/t  - 10.0  s . Both  tlx  rock  and  sound  travel  a distance  d that  is  equal  to  the 
height  of  the  cliff.  Take  +y  downward  for  the  nxition  of  the  rock.  The  rock  has  v0>  - 0 and  a - 9.80  ms*' . 


EXECUTE:  (a)  For  the  nxk.  y - y.  - v-  / * 4-tf  r gives 


U 


ms* 


For  the  sound,  f - — 10.0  s . Let  cr3  - d . 0.00303a3  r 0.45 18a  - 10.0  - 0 . a - 19.6  and  d - 384  m 

330  m s 

<b|  You  would  have  calculated  d - 119.80  mv'KIO.O  s)*%  - 490  in  . You  would  have  overestimated  the  height  of 
the  cliff.  It  actually  takes  the  rock  less  time  than  10.0  s to  fall  to  the  ground. 

Evaluate:  Once  we  know  d we  can  calculate  that  /ul  - 8.8  s anJ  tK  - 1.2  s . The  time  for  the  sound  of  impact 
to  travel  buck  to  you  is  12%  of  the  total  time  and  cannot  be  neglected.  The  rock  has  speed  86  m s just  before  it 
stnkes  the  ground. 

(a)  IDENTIFY’:  Let  -f  v be  upward.  The  can  has  constant  acceleraticei  a t - - g . The  initial  upward  velocity  of  the 


can  equals  the  upward  velocity  of  tlx  scaffolding;  first  find  this  speed. 
SET  Up:  y - yt  - -15.0  m.  / - 3.25  *.  a,  - -9.80  m s3.  - ? 

Execute:  y-yu  = gives  v4%  >1 131  ms 


Use  this  i0f  iii  v,  - t'ny  + <*,t  t<>  solve  for  »y:  vt  » -20.5  m's 

<b>  Idlmity  : Find  the  maximum  height  of  the  can.  above  the  point  where  it  falls  from  the  scaffolding: 
SETUP:  1,-0.  v*,  =rl  1.31  m's.  a,  * -9.80 m's3,  y-y0=? 

Execute:  v3  = V*t  -f  2ut  (y  - y0)  gives  y - y0  - 6.53  m 

Tlx  can  will  puss  the  kxation  of  the  other  punter.  Y'es.  lx  gets  a chance. 

EVALUATE:  Relative  to  the  ground  the  can  is  initially  traveling  upward,  so  it  moves  upward  before  stopping 
momentarily  and  starling  to  fall  back  down. 

IDI.MIFY:  Both  objects  arc  in  free-fall.  Apply  the  constant  federation  equations  to  tlx  motion  of  each  person 
SET  UP:  Let  +y  be  downward,  so  at  - ^9.S0  m s*  Uk  each  object. 


Execute:  (a)  Find  the  time  it  takes  the  student  to  reach  the  ground:  y - yu  - 1 SO  m . v„,  - 0 . a%  - 9.80  m's3 . 


v - y4  - v,i  + la/  gives  / - M*  * * - J- — - 6.06  s . Supermin  must  reach  the  ground  in 

u a%  V 9.80  nv's* 

6.06  s- 5.00  s - 1.06  s : I -1.06  s,  v - y,  - 180  m . - +9.80  m*'s3  . y-yu  - gives 


v4l  - — - 4 ‘ Y~~‘  t<9-80  m s3Ml  06  s>-  165  ms.  Superman  must  have  initial  speed  i,  - 165  ms  . 

<bl  The  graphs  ofy-/  for  Superman  and  6>r  the  student  are  sketched  in  Figure  2.90. 

(c>  Tlx  minimum  height  of  tlx  building  is  the  height  for  which  the  student  reaches  tlx  ground  in  5.00  s.  before 
Superman  jumps,  y - y4  - v0//  t la/  - 4(9.80  m»  s3  )(5.00  s )3  -122m.  The  skyscraper  must  be  at  least 

122  m high. 
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EVALUATE:  165  ms  - 369  mrh  . so onh’  Superman  could  jump  downwnd  with  this  initial  speed. 


iDf-N  I1FY:  Apply  constant  acceleration  equations  to  the  motirei  of  the  rocket  and  to  the  moticn  of  the  canister 
after  it  is  released.  Find  the  time  it  takes  the  canister  to  reach  the  ground  after  it  is  reVrased  and  find  the  height  of 
the  rocket  after  this  time  lias  elapsed.  The  canister  trawls  up  to  its  maximum  height  and  then  returns  to  the  ground 
SET  UP:  Let  +y  he  upward.  At  the  instant  that  the  canister  is  released,  it  lias  the  same  velocity  as  the  rocket. 

After  it  is  released,  the  canister  has  a , - -9.80  m s'  . At  its  maximum  height  the  canister  has  »r  - 0 . 

Execute:  (a)  Find  the  speed  of  the  rocket  when  the  canister  is  released  \\f  - 0 1 a,  - 3.30  nVs: , 
y - v,  - 235  m . vj  ^ \£f  + 2a, {y - y\ ) gives  v#  = J2atiy-  rv)  - ^2(3.30  nVs*M235  m)  ^ 39.4  m s . For  the 
motxm  of  the  canister  after  it  is  released.  v#  - +39.4  m/s  , a%  - -9.S0  mi’s1 , v—  >’d  - -235  m . 
y - y4  - v4|f  + r gives  -235  m - (39.4  m sy  - (4.%  m*iJ  . The  quadratic  formula  give*  t - 12.0  s as  the 
positive  solution.  Then  for  tlie  motKin  of  the  rocket  during  this  12.0  s. 

>->■,  - v'Hiii-  - 235  m -.(29,4  m,'tKl2.0  *)-.  4(3.30  nv*JK12.a  »(’  -94S  m . 

(b)  Find  the  maximum  height  of  the  canister  above  its  release  point:  yt%  - +39.4  mf%  . i\  -0.  at  - -9.80  ms* . 

V - »•’  + 2a  I v - v.  > eives  v - v. 1 — ' * *11  — 79.2  m . After  its  release  the  canister  travels 

upward  79.2  m to  its  maximum  height  and  then  hack  down  79.2  m + 235  m to  the  ground  Tlx  total  distance  it 
travels  is  393  m. 

Evaluate:  The  speed  of  the  rocket  at  the  instant  thit  the  canister  returns  to  tlx  launch  pad  is 
v,  = r#>  + aj  - 39.4  m s + <3.30  mV)<12.0  s)  - 79.0  m/s . We  can  calculate  its  height  at  this  instant  by 

1 L*  _ l?9  l>m^  -946  m.  which  agree 
2a  2(3.30  mV) 

with  our  prevKius  calculation. 

I DL\  lin : Both  objects  arc  in  free-fall  and  move  with  constant  accclcratxm  9.80  m’s* . downward  The  two 
balls  collid:  wlien  they  ore  at  the  same  height  at  the  sanx  time. 

SET  UP:  Let  +y  be  upward,  so  a,  - -9.80  m s'  for  each  hall  Let  v - Oat  the  ground.  Let  ball  A be  the  one 
thrown  straight  up  and  ball  B be  the  reic  dropped  from  rest  at  height  //.  - 0 , v4y  - //  . 

EXECUTE:  (u  \ v - v,  - V4>r  + ^a.r  applied  to  each  bull  gives  yA  - vj  - jgt*  and  vM  - //  - : • yA  - y\  gives 

»V  -4 HI  - II  - 4?/ • and  r - — 


P1  - v’  + 2a  (y  - v ) with  v - 0 and  v - 79.0  nv’s  . y - y 


(b)  Far  hill  A at  its  highest  paint,  v - 0 and  v -i  + a / gives  t - — . Sett  mg  this  equal  to  the  time  in 


part  (a)  gives  — - — and  // . 

g g 

H 1 

Evaluate:  In  part  tax  using  t — - in  the  expressions  for  yA  and  y§  gives  y = y — // ‘ 1 I . //  must  be 


2v.-; 


2v! 


less  than  in  redcr  for  the  balls  to  collide  be  free  ball  .1  returns  to  the  ground.  This  is  because  it  takes  ball  A 

g 


2.93. 


2.94. 
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time  t to  reium  to  the  ground  and  ball  B falls  a distance  -lgi‘  - during  this  time.  When  // -the 

X ' X X 

two  bills  collxlc  Just  as  hall  A reaches  the  ground  and  for  //  greater  than  this  ball  A reaches  th:  ground  before 
they  collide. 

IDENTIFY  and  SET  Ur:  Use  v - dx/dt  and  1J  -d\\fdt  to  calculate  »•  (r)  and  at(t)  for  each  car.  Use  these 
equations  to  answer  the  questions  about  the  motion. 

Execute:  xa  = ai  t flt\  vA  - a t 2/fc.  <iAl  - - 2fl 

tit  ill 


- -?*  - 3Sl‘,  o 

Jr 

(a  i IDENTIFY  and  SET  Ur:  The  car  that  initially  moves  ahead  is  the  one  that  has  the  larger  vl4 
Execute:  At  / - 0.  vAt  -a  and  v*  -0.  So  initially  card  moves  ahead. 

<b)  IDENTIFY  and  SET  Up:  Cars  at  the  same  point  implies  xA  - xM . 


at  + fir  - yr  - 6t‘ 

Execute:  One  solulxm  is  / - 0.  which  says  that  they  start  from  the  same  point.  To  find  the  other  solutions. 


r - -i-j  -(//-/> i - yy  - 4,*i ) - — L(  -t 1 .60  r I 60)J  - 4<0.20M2.60> ) - 4.(0  s ± 1 .73  s 
So  xA  - a*,  for  t - 0.  t - 2.27  s and  t - 5.73  s. 

EVALUATE:  Car  A has  constant.  positive  at.  Its  i(  is  positive  and  increasing.  Car  lias  and  that  is 

initially  positive  but  then  becomes  negative.  Car  B initially  moves  in  the  t v •direction  Kit  then  slows  down  and 
finally  reverses  direction.  At  / - 2.27  s car  B lias  overtaken  car  A and  then  passes  it.  At  I - 5.73  i,  car  B rs 
moving  in  th:  -.t* direction  as  it  passes  car  A again. 

(c>  IDENTIFY:  The  distance  from  A to  B is  xk-xA.  The  rate  of  change  of  this  distance  is  — : — . If  this 

ill 

distance  is  not  changing. - 0.  But  this  says  v..  — v.  - 0.  I The  distance  between  A and  B is  neither 


decreasing  nor  increasing  at  the  instant  when  they  have  the  sime  velocity.) 

SET  UP:  - v*  requires  a t 2/h  -2yt-  3 St2 

Execute:  3 dr  + 2ifl  -y)t  + a - o 

' " " ■ rY 1 - Hoi1  20 5 ^<-1.60)-  -I2(0.20M2  60>) 
r - 2.667  x ± 1 .667  s.  so  vM  = vto  for  r - 1.00  s and  / - 4.33  x 

EVALUATE:  At  I - 1 .00  s.  vA  - »•*  - 5.00  m s.  At  / - 4.33  *.  v*  = YAt  - 1 3.0  m*.  Now  car  B is  slowing  down 
while  A continues  to  speed  up.  so  their  velocities  aren't  ever  equal  again. 

(d)  IDENTIFY  and  SET  Up:  at4*Q^  requires  2/f  - 2y  - 6St 

Execute:  .20^  ^.67  , 

3*5  3(0.20  ms) 


EVALUATE:  At  / -0.  <ja  > fltl.  but  is  dxreasing  while  is  cceistant.  They  arc  equal  at  t - 2.67  s but 
for  all  times  after  that  aAt  <a,t. 

IDEM  IIFY : The  apple  has  two  segments  of  motion  with  constant  acceleration.  For  the  motion  from  the  tree  to  the 
top  of  the  grass  the  acceleration  is  g.  downward  and  the  apple  falls  a distance  //  - A . For  the  motion  from  the  top 
of  the  grass  to  the  ground  the  accclcratxm  is  o.  upward,  the  apple  travels  downward  a distance  h,  aixl  the  final 
speed  is  zero. 

SET  UP:  Let  ty  he  upward  and  lei  y - 0 at  the  ground.  Th:  apple  is  initially  a height  //  -t  k above  the  ground. 
Execute:  (u)  Mo  toon  from  y0  -/It/ i to  y-H  : v-  y.t  - -H  . vtf  - 0 . a - -g  . ij  - + %<*,()’  ~ }\ ) gives 

v,  - -<j2gH  . The  speed  of  the  apple  is  <j2gll  as  it  enters  the  grass. 
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2.95. 


(b)  Motion  from  yv  -h  to  y - 0:  v-  v,  - -h  s vl%  - -yjlgJi  . vj  — » ' •*  2u,(y-  v«>  gives 

a - - "*’*  - - The  acceleration  of  the  apple  while  it  is  in  the  uravs  u sj//  A . upward 

' 20-.iV1  2<-/i.  * ‘ 

(c)  Graph*  of^/,  v.  •/  and  u . -r  are  sketched  xn  Figure  2.94. 

Evaluate:  The  acceleration  a produced  by  the  era  vs  increase*  when  //  increases  and  decreases  when 

increases. 


Figure  2.94 

IDENTIFY : Apply  constant  acceleration  equations  to  the  motion  of  the  two  objectv  th:  student  and  the  bus. 

SET  UP:  For  convcnietxc.  let  the  student's  (constant  t speed  be  v,  and  the  bus’s  initial  position  be  Note  that 
these  quantities  are  for  separate  objects,  the  student  and  the  bus.  The  initial  position  of  the  student  is  taken  to  be 
zero.  and  the  initial  velocity  of  the  bus  is  taken  to  be  zero.  The  positions  of  the  student  r and  the  bus  .r;  as 
funetions  of  time  are  then  xt  - vtf  and  + (1/2)0**. 

EXECUTE:  (u)  Setting  - x2  and  solving  for  th:  times  t give*  < - — (i;,  ± JIJ  - 2 ax^  | . 

r ! — ——((5.0  m/s) ± J|5.0  ml%y  -2(0.170  m,«V  1(40.0  ml ) - 9.55  s and  49  3 % . 

(0.170  m/s  )'  f 

The  student  will  be  likely  to  bop  on  the  bus  the  first  tmx  slur  passes  it  (see  part  (d  l for  a discussion  of  the  later 

time).  Dunng  this  time,  th:  student  has  run  a distance  vy  - (5  m/s)(9.55  s)  - 47.8  m. 

(b)  The  speed  of  the  bus  is  (0. 1 70  ms*  X9.S5  s)  - 1 .62  mi's  . 

(c)  The  results  can  be  verified  by  noting  that  the  r lines  for  the  student  and  the  bus  intersect  at  two  points^  as  shown 
in  Figure  2.95a 

(d)  At  the  later  time,  the  student  has  passed  the  bus*  rmintaining  her  constant  speed,  but  the  accelerating  bus  then 
catches  up  to  her  At  this  later  time  the  bu^s  velocity  is  (0. 170  m/s1  )(49.3  s)  - 8.38  m/s. 

(e)  No;  \'l  < lax,, . and  the  roots  of  the  quadratic  are  imaginary.  When  the  student  runs  at  3.5  m/s.  Figure  2.95b 
shows  that  the  two  Imcs  do  noi  intersect: 

(0  For  the  student  to  catch  the  has.  > 2avc..  and  so  the  minimum  speed  is 

^2(0. 1 70  m/s*  )|  40  m/s ) - 3.688  m/s.  She  would  be  running  for  a time  *.■  - 21.7  s.  and  covers  a 

distaixe  (3.688  m/s)  (21.7  s)^S0.0m. 

However.  when  th:  student  runs  at  3.68S  m/s.  the  lines  intersect  at  orsr  point,  at  x - 80  m . as  shown  in 
Figure  2.95c. 

EVALUATE:  The  graph  in  part  <c>  shows  that  the  student  is  traveling  faster  than  the  bus  the  first  time  they  meet 
but  at  the  second  time  they  nxet  the  bus  is  traveling  faster. 
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2.96. 


2.97. 


The  graph  of  y versus  / foe  each  boll  is  given  in  f igure  2.97. 

(b)  The  above  expression  gives  for  (i).  0.41 1 m arxl  fee  (ii)  1.15  km. 

(c)  As  Vj  approaches  9.8  m/s  , Ibe  height  k becomes  infinite,  corresponding  to  a relative  velocity  at  the  linx  the 


Motion  Along  a Straight  Line  2-39 


iDEvnrY:  Apply  y—  y4  » v- ,/  + 4-o/*  to  the  motiem  fitm  the  maximum  height.  wtxre  v4/  - 0 . The  tinx  sprnt 
above  v,—  >2  on  the  way  down  equals  the  time  spent  above  )'(llt/2on  the  way  up. 

SKI  UP:  Let  +y  be  downward.  ii(  - g . y — v0  - tl  when  he  is  a distance  y,«,  >2  above  the  floor. 

Execute:  Hie  time  from  the  maximum  height  to  y(itt  2 above  the  tloor  is  given  by  v.M1 / 2 - igf,* . The  time 
from  the  maximum  height  to  the  floor  is  given  by  vT1  - Tgf  *,  and  the  time  from  a height  of  .'2  to  the  floor  is  . 


Evaluate:  The  person  spends  over  twice  as  long  above  y,-4  .'  2 as  below  /2  I Its  average  speed  is  less 
above  /2  than  it  is  when  he  is  below  this  height. 

IDEs  IlfV:  Apply  constant  acceleration  cquitions  to  both  objects. 

SKI  L!P:  Let  +y  be  upward,  so  each  hall  has  a - -g  . For  the  purpose  of  doing  all  four  puts  with  the  least 
repetition  of  algebra,  quantitxs  will  be  denoted  symbolically.  That  is.  let  v , - h -t  vj  - — gt\  y\  - h ~ — g(i  ) 

In  this  ease.  /,  - 1.00  s . 

EXECUTE:  (u)  Setting  y - v1  - 0.  expuKling  th:  bxnomsil  (f  -z^)*  an*^  eliminating  the  commcci  term 
>icl4*  *T  - gt j - Lgc  . Solving  for  £ / = ^_L_ 

Substitution  of  this  into  the  expression  for  y,  and  setting  y,  - 0 and  solv  ing  for  /j  as  a function  of  \\.  yields,  afler 
some  algebra,  h - ±gl  — — — Using  the  given  value  f - 1.0)  s arxl  g - 9.80  m/s3. 


This  has  two  solutions,  one  of  which  is  urphvsical  (the  first  ball  is  still  going  up  when  the  second  is  released:  see 
part  (c)|.  The  physical  solution  involves  taking  the  negative  square  root  before  solving  for  v . and  yields  8.2  m/s. 


second  ball  is  thrown  that  approaches  zero.  If  vt  >9.8  m/s,  the  first  bill  can  never  catch  the  second  ball. 

(d)  As  v4  approaches  4.9  m’s.  the  height  approaches  zero.  This  corresponds  to  the  first  ball  being  closer  and  closer 
(on  its  way  down)  to  the  top  of  the  roof  w hen  the  second  bull  is  released.  If  r»  <4.9  m/s.  the  first  ball  will  already 
have  passes!  the  roof  on  the  way  dawn  before  th:  second  ball  is  released,  and  the  second  hall  can  never  catch  up. 
Evaluate:  Note  that  the  values  of  v;,  in  parts  la)  and  lb)  arc  all  greater  than  i;.(  and  less  than  v.„  . 

• <•») 

yj 


r izurr  2.97 


2.98.  IDI.N  111^ : Apply  constant  acceleration  equations  to  the  moticoi  of  the  boulder. 
Ski  UP:  Let  +y  be  downward.  so  a - +g  . 
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Execute:  (u)  Let  the  height  be  h and  denote  the  1.30-%  interval  a*  A t;  the  simultaneous  equations 


r - Ar 


and 


h - Xgt*,  - 4g(*  - Af  )*  can  be  solved  for  /.  Eliminating  k and  taking  the  square  root, 

/ - - — — — — . and  substitution  into  h - Lgt1  gives  h - 246  m. 

(to)  The  above  method  assumed  that  / >0  when  the  square  root  was  taken.  Th:  negative  root  (with  A/  - 0)  gives 
in  answer  of  2.51  m,  clearly  not  a ~clifT\  This  would  correspond  to  an  ctojcct  that  was  initially  txar  the  bottom  of 
this  “clifT*  being  thrown  upward  and  taking  1.30  s to  rise  to  the  top  and  fall  to  the  bottom.  Although  physically 
possible,  the  conditions  of  the  problem  preclude  this  answer. 

Evaluate:  For  th:  first  tw  o thirds  of  the  distance,  v -y,  -164  m , »,  p - 0 . and  a . = 9.S0  m's4 . 
v - ^2tf  (y-  r,)  - 56.7  m s . Then  for  the  last  third  of  the  distance,  y->*4  - 82.0  m , v0>  - 56.7  m s and 
at  - 9.S0  m s*' . y - yv  = v0  t r t:  gives  1 4 90  m s*'  fcr*  + (56.7  m's)r  - 82.0  m - 0 . 


f - — ( -56.7  r ^<56.7r'+4(4.9XS2.0))  s - 1.30  s . as  requi 


ed 


Motion  in  Two  or  Three  Dimensions 


3 


3.1.  1 DI-VI  in  and  S»:r  I'P:  Uxc  l:q.(3.2).  «n  component  form. 

Av  x^-x  5.3  m - 1 . 1 m 

EXECUTE:  (v*  ) : {Ain't 

' *'  A I /,-/  3.0  s-0 


' Ar  3.0 t-0 


-1.3  mi 


IvJ.  1.4m.i 
(i  - 360°  - 429°  - 3 1 7° 

V = J<1.4  m x)*'  r (— 1.3  nv*r  - 1.9  m s 


Figure  3. 1 

EVALUATE:  <>ur  calculation  gives  that  is  in  the  4th  quadrant.  This  corresponds  to  increasing  r and 
decreasing  y. 

3.2.  I DtMin : Use  liq.l  3 2 1.  written  in  component  form.  The  distance  from  the  origin  is  the  magnitude  of  r . 
Set  Up:  At  time  /, . .r,  - r,  = 0 . 

EXECUTE:  (u)  x -- <»^4 )Af  ^ (-3.8m/x)f  I 2.0  s)  - -45.6  m and  y = <»  ^ lAr  = (4.9m/s Hi 2.0  %)  ■ 58.8  m . 

4 1>>  r - ,/«*  ./  = ^(-45.6  m):  *(SS.S  m|!  = 74.4  m. 

EVALUATE:  A/  w in  the  direction  of  . Therefore.  Av  it  negative  since  it  negative  and  Ay  is  positive 

since  is  positive. 

3.3.  <a)  IDENTIFY  and  SET  Up:  From  r we  can  calculate  x and  y foe  any  /. 

Then  use  liq.(3.2).  in  component  6>mi. 

EXECUTE:  r -[40  cm  -f  (2.5  cm  tJ)/*'Ji:  (5.0  cm's)// 

At  f -0.  r =(4.0  cm)#'. 

At  r = 2.0x.  # =(140  cml/t (10.0  cm)/ 

. . Ay  1 0.0  cm 

* to  2.0  x 

t Av  10.0  cm 

(i  ) - — 5.0  cm  x. 

**’  Ar  20  s 


2 
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3.4. 


Figure  3Ja 

EVALUATE:  Both  v and  y increase.  so  is  in  !hc  I v!  quadrant. 

<b>  I DEMI  TV  and  SET  UP:  Calculate  r by  taking  the  time  derivative  of  r(/>. 

Execute:  v - tlL-  (|5.0  cm's*  Jr)#  + (5.0  cm's); 

-0  : vt  - 0.  v,  - 5.0  cm's;  v - 5.0  cm’s  and  0 - 90° 
t-1.0x  v - 5.0  cm’s,  v -5.0  cm's;  v - 7.1  cm<'x  and  0- 45° 

2.0  s v - 10.0  cm's,  v - 5.0  cm's;  v=  1 1 cm's  and  0 - 27° 

(c)  The  trajectory  is  a graph  of  y versus  .y. 

.y  - 4.0  cm  + (2.5  cm's'  )f\  y - (5.0  cm's)f 

For  values  of  / between  0 and  2.0  s.  calculate  .y  and  y and  plot  v versus  y. 

v 


um> 


Figure  3.3b 

Evaluate:  The  sketch  shows  that  the  instantaneous  velocity  at  any  f is  tangent  to  the  trajectory. 

IDENTITY:  v - dr/dt  . This  vector  will  make  a 45c  -angle  with  both  axes  when  its  .t«  and  y-components  are  equal. 

Snip:  'llLl-nr  . 


EXECUTE:  v - 2 bti  ♦ 3 a*j . v,  - v,  gives  / - 2 hflc . 

EVALUATE:  Both  components  of  »•  c hinge  with  /. 

3.5.  IDENTIFY  and  SET  L P:  Use  Fq.<3.S)  in  component  form  to  calculate  ( a„  )4  and  ( a ^ . 
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EXECUTE:  (a)  The  velocity  vectors  at  f - 0 are!  r , - MO  x arc  shown  in  Figure  3.5a. 


v - K 0 


Figure  35i 

[b)  (d  ) = Al-  ,-nO«'»-Wm>aJWwi<l 

Ai  f.-f,  30.0* 

- Av-  l"m*  ")ln'  -133  m1*1 


» _ 

A/  t - 1 


30.0 


l«> 


(O,  -2.33  m's* 
(O.  -8.67  mV 
a - 15* + 180'’  - 195: 


EVALUATE:  The  changes  in  \\  and  vt  arc  both  in  th:  negative  x or  y direction,  so  both  components  of  are 
the  3nl  quadrant. 

3.6.  IDLMUY:  Use  Eiq.l3.Ki.  written  in  component  form. 

SKI  L’P:  <i.  = (045m/*J)ca*31.0°  = 0.3910/**.  a,  =(0.45m/»’l«n31.0,=0.23in/1' 

Av  2 Av 

Execute:  (u>  a„t  ~ — -and  v4  » 2.6  m/s  (0J9  m/s-  X 1 0.0  s)  - 6.5  m/%  . - — - and 


v - -1.8  m/s  + (023  m/s*  X 10.0  s)  - 0.52  m/s. 


(b>  v - yjik5ml*r  » (0.52 m/i)-  - 6.48  ntf*  . at  an  angk  of  arctan  j ^ | - 4.6:  above  the  horizontal. 

(c>  The  velocity  vectors  »•  and  vi  are  sketched  in  Figure  3.6.  The  two  velocity  vectors  differ  in  magnitud:  and 
direction. 

Evaluate:  V is  at  an  angle  of  35°  below*  the  -t.t-axis  and  has  magnitud:  v,  - 3.2  m s . so  v}  > v and  the 

direction  of  v is  rotated  viiuntcrciockw  isc  from  the  directhm  of  v . 


3.7.  iDLVim  and  Set  L'P:  Use  Fqs.(3.4»  and  *3.12)  to  find  v,  v . <i  , and  a as  function  ottime.  The  magnitude 
and  direction  of  r and  a can  be  found  oree  we  know*  their  components. 
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— 

EXECUTE:  (a)  Calculate  x and v for  r values  in  tlic  range  0 to  2.0  % ami  plot > versus  x.  The  results  axe  given  in 
Figure  3.7a. 


Thus  r -a#-  2/f(j  a - -2/j 


(c>  velocity:  Al  I - 2.0  s.  v,  - 2.4  ml  i,  - -2(1.2  m *'x2.0  *>- -4.K  nn'i 
y 


Figure  3.7b 


acceleration:  At  / - 2.0  s.  a,  - 0.  a - -2(1.2  m/s: ) - -2.4  ms* 


» 


Figure  3.7c 


EVALUATE:  (d)  a has  a component  a in  the  same  direction  as 
r,  so  we  know  that  »•  is  increasing  (the  bird  is  speeding  up.) 
a also  has  a component  a k perpendicular  to  »\  so  that  the 
direction  of  r is  changing;  the  bird  is  turning  toward  the 
->  -direction  (toward  the  right) 


Figure  3.7d 
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v k always  tangent  to  the  path;  v at  / - 2.0  s shown  in  pari  <c)  is  tangent  to  the  path  at  this  f.  conforming  to  thw 
general  ruV:.  a is  constant  arxl  m the  ->■  direction;  the  direction  of  v is  turning  toward  the  -y -direction. 

3.&  I DEN  im:  71>c  component  a 4 of  a perpendicular  to  the  path  is  related  to  the  change  in  direction  of  v arxl  the 

corrgmnent  a of  a parallel  to  the  path  is  related  to  the  change  in  the  magnitude  of  I . 

SET  UP:  When  the  speed  is  iixrcasing.  a is  in  tlx  direction  of  »•  and  when  the  speed  is  decreasing,  a is  opposite 
to  the  direction  of  v When  v is  constant,  a is  zero  and  when  the  path  is  a straight  line.  tf.  is  zero. 

EXECUTE:  The  acceleration  vectors  in  c>:h  case  arc  sketched  in  Figure  3.8a*c. 

EVALUATE:  a.  is  toward  the  center  of  curvature  of  the  path. 


Figure  3.8a-c 


3.9.  iDEVIltY:  The  book  moves  in  projectile  motion  once  it  leaves  the  table  tcp.  Its  initial  velocity  is  horizontal. 

SET  UP:  Take  th:  positive  i* -direction  to  be  upward  Take  the  origin  of  co>rdinates  at  the  initial  position  of  the 
book,  at  the  point  where  it  leaves  the  table  top. 


figure  3.9a 


Use  constant  acceleration  equations  foe  the  v and y components  of  the  moticei,  with  at  - 0 and 
Execute:  (■)  v-y,  »? 

y - y\  - v,,/  + f atr  - 0 + i(-9.80  m s*  X0.3S0  *)'  - -0.600  m.  The  table  top  is  0.600  m above  the  Hoar 

(b)  x-x+  “? 

x — x»  — v0 j + -(1.10  m s)(0.350  s»  + 0 - 0.358  m. 

(c)  v4  - v4j  ^ <iht  — 1.10  mi's  (The  x-cocnpoaent  of  the  velocity  is  constant,  since  - 0.1 
v = »;  + a l - 0 ♦ (-9.S0  m's*)(0J50  s)  - -3.43  ms 

y 


Figure  3.9b 
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3.10. 


3.11. 


3.12. 


3.13. 


(d)  The  graphs  are  given  in  Figure  3.0c 


Figure  3.9c 


Evaluate:  In  the  .redirection.  at  -0  and  v#  it  constant.  In  the  indirection.  a --0.80  m s'  and  \ is 
downward  and  increasing  in  magnitude  «nce  a and  v arc  in  the  simc  directions.  The  v and  y motions  occur 
independently.  connected  only  by  the  time.  The  time  it  takes  the  book  to  fall  0.600  m is  tlx  txnx  it  travels 
horizontally. 

IDENTITY:  The  bomb  moves  in  projectile  motion.  Treat  the  horizontal  and  vertical  components  of  the  motion 
separately.  Tbc  vertical  motxin  determines  the  time  in  tlx  air. 

SET  UP:  The  initial  velocity  of  the  boirto  is  the  sanx  as  that  of  the  helicopter.  Take  + y downward,  so  a,  - 0. 
a , - +9.80  ms' . v4,  - 60.0  m s and  \\%  -0  . 

Execute:  (■)  >— v. -v.,f+io,r  with  y-y,  - 300  m siv«  / - ^2|>  ~ >u-  - 

(b|  The  binnb  IravcU  a horizontal  distance  r - *,  - >;,  ! ■*  ±a  t‘  - (60.0  ms H7.82  s) - 470  m . 

<c>  v.  - v..  - 60.0  m s . i,  - vt,  .a|-  <9.S0  mS1  M7.K2  i)  = 76.6  m s . 

<d>  The  graphs  are  given  in  Figure  3.10. 

(c)  Because  the  airplane  and  the  bomb  always  have  tlx  same  .Y-compccicnt  of  velocity  and  position,  the  plane  will 
be  300  m directly  above  the  bnmb  at  impact. 

Evaluate:  The  initial  horizontal  velocity  of  the  bomb  doesn't  atTcct  its  vertical  motxin 


Figure  3.10 

IDENTITY:  Each  object  moves  in  projectile  motxin. 

SET  UP:  Take  +»  to  he  downward.  For  each  cricket,  a - 0 and  a - +9.S0  m.‘*J  . For  Chirpy*  v4t  = vQf  - 0.  For 
Miladi.  ii#  =0.950  ms,  =0 

EXECUTE:  Milada’s  horizontal  corrpoocnt  of  velocity  has  no  ctTcct  on  her  vertical  motxm.  She  also  reaches  the 
ground  in  3.50  s.  x-xt  = \\J  - (0.950  msW3.50  s)  - 3.32  m 

Evaluate:  The  x are!  y continents  of  nxitxm  arc  totally  separate  and  arc  connected  only  by  the  fact  that  the 
time  is  the  sanx  for  both. 

IDTAIITY:  The  person  moves  in  projectile  motxin.  She  must  travel  1 .75  m horizontal ly  during  the  time  she  falls 
9.<X)  m vertically. 

SET  UP:  Take  -f  y downward,  a.  «D.  a = +9.80  ms*' . v-  = »•  v,.  -0  . 


Execute:  Tune  to  fall  9.00  m 


Speed  needed  to  travel  1 75  m horizontally  during  this  tunc:  x-xv  - \\,(  + gives 
.r  - x\  1 .75  m 

EVALUATE:  If  she  increases  her  initial  speed  she  still  takes  1 .36  s to  reach  the  level  of  the  ledge,  but  lias  traveled 
horizontally  farther  than  1.75  m. 

Identity:  The  car  moves  in  projectile  motion.  The  car  travels  21 .3  m - 1.80  m = 19.5  m downward  dunng  the 
time  it  travels  61.0  m horizontally. 

SET  UP:  Take  + y to  be  downward,  a = 0 , a = +9.80  m sJ  . y.  - y, . vu  = 0 . 
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3.14. 


3.15. 


3.16. 


EXECUTE:  Use  the  vertical  motion  to  find  the  time  in  the  air: 

Then  x - xv  = v,t/  •+  laj'  gives  v0  - v*,  - ■ ^ 30.6  in  s . 

(b)  v.  - 30.6  m/s  since  a,-  0 . vf  = v0,  -19.6m/*  . v - yjv*  ■ f - 36.3  m/s . 

EVALUATE:  We  calculate  the  final  velocity  by  calculating  its  x and  v compocxnts. 
iDEMltY : The  marble  moves  with  projectile  motion,  with  initial  velocity  that  is  hah/onla!  and  has 
magnitude  v, . Treat  tlie  horizontal  and  vertical  motions  sepirately.  If  i’t.  is  too  small  the  marble  will  laixl  to  the 
left  of  the  hole  and  if  rt.  is  too  large  the  marble  will  land  to  the  right  of  the  hole. 

SET  UP:  Let  +j  be  horizontal  to  the  right  and  let  +v  be  upward.  vu,  = vv%  -0  . a,  -0.  <i.  = -9.80  m s* 
EXECUTE:  Use  the  vertical  motion  to  find  the  time  it  takes  the  nvirble  to  reach  the  height  of  the  level  ground. 


k— v =-2.75 


cm  v. . 


The  time  doer  not  depmd 


x - x*  2.00  m 


Minimum  »•, : .r  - xt  - 23X1  m . f - 0.749  s . x - x,,  - \\,J  ♦ ±dti‘  gives  »#  \i~\i  " “ “*67  m% 

Maximum  v : j-r.  - 3.50  m and  »•  1 - 4.67  m's  . 

0 0 * 0 749  s 

EVALUATE:  The  horizontal  and  vertical  motions  an:  independent  and  are  treated  separately.  Their  only 
connection  is  that  the  time  is  the  some  for  both. 

Identify:  The  hall  moves  with  projectile  motion  with  an  initial  velocity  that  is  horizontal  and  lias  magnitude  vp 
The  height  /i  of  the  table  and  v(|  are  the  same:  the  acceleration  due  to  gravity  change*  from  gi  - 9.80  in  s*  on  earth 
to  g % on  planet  X. 

SET  UP:  Let  -fj  he  horizontal  and  in  the  direction  of  the  initial  velocity  of  the  marble  and  let  +y  he  upward. 
vu  = vu  « vlt  = 0 , a = 0 , a = -g  , where  g is  cither  g , or  g.  . 


Execute:  Use  the  vertical  motion  to  find  the  time  in  the  air:  y - yt  - -h  . y - y(  = yiti  + la  r gives  / - \Z1L 


l/! 


Then  x - x - v t +•  la  t1  gives  x - x - v / - v*  — . x- x -D on  earth  and  2.760  cm  Pfanet  X. 


(x-x^yjg  -\\j2h  . which  is  constant,  so  = 2.760 jg^ . - 0.131gt  -l.28ms:. 

EVALUATE:  <>n  Planet  X the  acceleration  due  to  gravity  is  less,  it  tales  the  ball  longer  to  reach  the  floor,  and  it 
travels  farther  horizontally. 

IDENTIFY : 7T>c  football  moves  in  projectile  motion 

SET  Up:  Let  +y  be  upward,  a - 0.  a - -g  . At  the  highest  point  in  the  trajectory.  »•  - 0. 


Execute:  (u)  v - \\  + at . The  time  t is  — A‘  - 1.63  s . 

* •'  g 9.80  m/s* 

<l»)  Different  constant  accclcratxm  equations  give  different  expressions  but  the  same  nunxrical  result: 
t#1  = = 13.1m. 

(c)  Regardless  of  how  the  algebra  is  done,  the  time  will  h:  twice  that  found  in  part  <ak  or  3.27  s 
(d>  * =0.  so  x - xu  = 1^/  = (20.0 mfx}(327%)  = 65.3m. 

<e)  The  graphs  an:  sketched  in  Figure  3. 16. 
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3.17. 


3.18. 


3.19. 


EVALUATE:  When  the  football  returns  to  its  original  level.  \\  - 20.0  ms  and  v - -16.0  m s . 


Figure  3.16 

iDLVim  : The  shell  moves  in  projectile  nxition. 

SET  UP:  Let  +x  be  horizontal,  along  the  direction  of  the  shell's  motion,  and  let  ty  he  upward.  - 0. 
a,  = -9.80  ms* . 

Execute:  (u)  v\  - v*  cosa,  - (80.0  nvs)cas60.0°  - 40.0  ms . v„  - v.sina.  - 180.0  nv  sysin60.0°  - 69.3  m s 


v — t 


(b)  At  the  maximum  height  v - 0 . vf  - v4.  -t  at  gives  / - — 


D -69.3  ms 


-9.80  in  s* 


r ^ 7.07  % . 


Id)  The  total  time  in  the  air  is  twice  the  time  to  the  maximum  height,  so 
x — = vu,i  * - (40.0  m s))14. 14  s>  a 566  m . 

(e)  At  the  maximum  height.  \\  - »*lt  - 40.0  m’s  and  v.  - 0 . At  all  points  in  the  motion.  at  - Oand 
a,  - -9.K0  m s* . 

EVALUATE:  The  equation  for  the  horizontal  ranee  R derived  in  Example  3.8  is  R — — . This  gives 

R 

a <80.0  m ,s)i  sin<  1 20.0:3  ...  ...  ..  ^ , Jt 

R >66  m , which  agrees  with  our  result  in  pari  Id |. 

9.80  ms*  * 1 

IDENTIFY:  The  flare  moves  with  projectile  morion.  The  equations  derived  m Example  3.8  can  be  used  to  find  the 
maximum  height  h and  ranee  R. 


SET  UP:  From  Example  3.8.  h 


i.Mn 


and  R - 


>■;  sin  2a  t 


_ 4 , r (125m  s):(sin55.0°)*%  ___  _ (125  ms)J<sml 10.0°)  _it 

EXECUTE:  <u>  h 535  m R . - 1500  m . 


2(9.80  in  s | 


ms 


|b)/j  and  R arc  proportional  to  \/g  . so  on  the  Moon,  h -|  - — [<535  ml  - 3140  m and 


tf=l  9M>n^  [(1500 in) - 8800  m . 


• m i 


.67  m s 

EVALUATE:  The  projcctik  travels  on  a parabolic  trajectory.  It  is  incorrect  to  say  that  /i  - (/?  2|tanr/.. . 
IDENTIFY:  The  baseball  moves  m projectile  morion.  In  part  (c)  first  calculate  the  components  of  the  velocity  at 
this  point  and  then  get  the  resultant  velocity  from  its  components. 

SET  LtP:  First  find  thr  .v-  and  r components  of  the  initial  velocity.  Use  coordinates  where  the  r edirection  is 
upward,  the  -t.v -direction  tt  to  the  right  and  the  origin  is  at  the  posit  where  the  basctull  leaves  the  hut. 


»*, . - v,  cos  a,.  - <30.0  m s lcos36.9:  - 24.0  m s 
r - iv  sin  r/.  - <30.0  ms)  sin  36.9*  - 18.0  m s 


Use  constant  acceleration  equations  for  the  v and  r motions.  with  at  = 0 and  at  - - g . 
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3.20. 


Execute:  (ul  i component  (vertical  motxm): 
y - y\  - + 10.0  ms.  v0,  - 1 8.0  m's.  a,  « -9.80  m x\  i - ? 


10.0  m = (18.0  m %U  -(4.90  m'*V 
(4.90  m vV  -<180  nv»K  *10.0  m = 0 

Apply  the  quadratic  fixmula:  ( - ^ I S.O  t ^ - 1 S.O ):  - 4 ( 4.90)(  1 0.0)  s-(l.U7tl.lS4)  * 

The  hall  W at  a height  of  10.0  above  I lx-  point  where  it  left  the  bat  at  r - 0.68  J % and  at  I,  - 2.W  t.  At  the  earlier 
time  the  ball  paste*  through  a height  of  10.0  m at  its  way  up  and  at  th:  later  time  it  pasxc*  through  1 0.0  m on  its 
way  down. 

(b)  v4  - v4<  =>  ^24.0  mx.  at  all  lures  since  at  -0. 

v*  - *1,  + 


r,  - 0.683  s:  v,  = -f  18.0  m's  *(-9.80  m xJX0.6S3  s>»*l 1.3  mi’s.  ( r,  it  positive  meant  that  the  hall  is  traveling 
upward  at  this  point. 

t3  - 2.99  t:  v.  - +18.0  ms + <-9.80  m x*')(2.99  t)--l  1.3  m's.  ( v,  is  negative  mean*  tliat  the  bull  i*  traveling 
downward  at  thi*  point.  I 
(c)  V4  - v*  = 24.0  m x 
Solve  for  v ■ : 


v,  - ?.  y -yb  - 0 (when  ball  return*  to  height  where  motion  started). 
a - -9.80  ms\  vv  = ♦IS.O  m's 


■*i,  + 2«>(>— >i> 


v - — v - - 18.0  m's  ( negative,  since  the  batebull  mutt  he  traveling  downward  at  this  pnint) 


V'  -18.0  m's 

tan  a 

v.  24.0  m's 

ti  - -36.9%  36.9°  below  the  horizontal 


Figure  3.19b 


The  velocity  of  the  hall  when  it  retumt  to  the  level  w here  it  left  the  bat  lias  magnitude  30.0  in  s and  is  directed  at 
an  angle  of  36.9°  below  the  horizontal. 

EVALUATE:  The  divrutsion  xn  part*  (a)  and  (b  l explain*  the  tignificanrc  of  two  value*  of  t for  which 
y — y4  - -tlO.O  m.  When  the  ball  return*  to  its  initial  height,  our  results  give  that  it*  speed  i*  the  tame  at  its  initial 
speed  and  the  angle  of  it*  velocity  below  the  horizontal  ix  equal  to  the  angV:  of  itx  initial  velocity  above  the 
horizontal;  both  of  these  are  general  result* 
iDt.Min  : 7T»c  shot  moves  in  projectile  motion. 

SET  L'P:  Let  +y  be  upward. 

Execute:  (u|  If  air  resistance  it  to  be  ignored,  the  component*  of  acceleration  arc  0 horizontally  and 
-g  - -9.80  my**  vertically  downward. 

(b)  The  a*eompoocnt  of  velocity  is  cceistant  at  v,  - (1 2.0  m/s)cos5l  .0°  -7.55  m/s  . The  ^component  is 

v4l  - (120  m/*>sinSI  0°  - 9.32  m/s  at  release  and  v,  - v«,  - gt  - (10.57  m/s)-  (9.80 m/s'  M2.08 s>  - -1 1.06  m/s 

when  the  shot  hits. 

<c)  = va,/  -(7.55m/s)(2.0Sx)-  15.7  m . 

(d|  The  initial  and  final  height*  are  not  the  same. 

(el  With  y - 0 and  vtf  a*  found  above,  Eq.(3.l8>  give*  >*«  = 1.8 1 m . 

(0  The  graph*  are  sketched  in  Figure  3.20. 
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3.22. 


EVALUATE:  When  the  shot  returns  to  itx  initial  height.  \\  - -9.32  ms  . The  shot  continues  to  accelerate 
downward  as  it  travels  downward  1 .81  m to  the  ground  and  the  magnitude  ot*  r at  th:  ground  is  larger  than 
9.32  ms. 

*»(*)  yUHm)  »,(■*)  v/OMb) 


20 

20 
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Figure  3 JO 

IDLMUY:  Take  the  ongm  ot’ coordinates  at  the  point  when;  the  quarter  leaves  your  hand  and  take  positive > to 
be  upward.  The  quarter  moves  in  pru^ectilc  motion,  with  at  - 0.  and  a , - -g.  It  travels  vertically  for  the  tinv  it 
takes  it  to  travel  hon/ontally  2.1  m. 


Kig 


v4t  - v„cosa,  - 1 6.4  m's  )cos6CT 
- 3.20  m s 

v4,  - VjSintr.,  - (6.4  nvs)sin60° 
v4,  » 5.54  m s 

3JI 


(a) SET  UP:  Use  the  horizontal  (.r -component)  of  motxm  to  solve  for  /.  the  time  the  quarter  travels  through  the 
air 

f =?,  x-^  = 2.lm.  vU(  - 3.2  m's.  *j4-0 
.v  - - Y0ll  + 4*i4i  * - r4,/,  since  - 0 

Execute:  / - Hi  , _Li_2L  , o.656  s 

v0i  3.2  m’s 

SET  Up:  Now  fmd  th:  vertical  dispheement  of  the  quarter  after  this  time: 
y - y4  -?.  <2%  - -9.80  m‘sJ . v0,  - *5.54  m s.  / - 0.656  s 

v-v.’W’V 

EXECUTE:  V - 1„  - (5.54  mlMO-656  %) - 4(-9.80  mV)(0.656  s)‘  -3.6.1  m- 2.11  m - 15  m. 

(b>  SE  T Up:  v -?.  l-  0.656  *.  a - -9.80  m ft1,  v,  = -.S.54  m'» 


v - »’  -f  a t 

EXECITF-  i,  - 5.54  mi  - (-9.80  m'l1  )(0.6S6  i)  - -0.89  mi. 

Evaluate:  The  minus  sign  for  v,  indicates  that  the  r compceietu  of  v is  downward.  At  this  point  the  quarter 
has  passed  through  the  highest  point  in  its  path  and  is  on  its  way  down.  Th:  horizontal  range  if  it  rcturad  to  its 
original  height  (it  doesn’t!)  would  h:  3.6  m.  It  rearhes  its  maximum  height  after  traveling  horizontally  I .8  m.  so  at 
.v-X,i2.l  in  it  is  on  its  way  down. 

IDEM1FY:  Use  the  analysis  of  Example  3. 10. 

SET  UP:  From  Example  3. 10.  r - and  »**  - (v4 sina, )t  - ^gt1 . 

v4cosa0 

Execute:  Substituting  for  i in  terms  of*/  in  the  expression  for  gives 


y+gx  - if  tana..  - 


& 


' 


cos  u 


Using  the  given  values  for  t/and  cr„  to  express  this  as  a timet  ion  of  y, , 

(a)  !0  - 12.0  m/s  gives  y - 2.14  m . 

<b)  v4  - 8.0  m s gives  » - 1 .45  m . 
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3.23. 


(c)  v,  - 4.0  m's  gives )’  - -2.29  m In  thr*  ease,  the  dart  wux  fired  with  so  slow  a speed  that  it  hit  the  ground  before 
traveling  the  3-meter  horizontal  distance. 

Evaluate:  For  (a)  and  (d)  the  trajectory  of  the  dart  has  the  shape  shown  in  Figure  3.26  in  the  textbook.  For  (c) 
the  dart  moves  in  a parabola  and  returns  to  the  ground  before  it  reaches  the  x-coordinnte  of  the  monkey. 

IDENTIFY:  Take  the  origin  of  coordinates  at  the  roof  and  let  the  + v direction  be  upward.  The  rock  moves  in 
projectile  motion,  with  a,  - 0 and  <j,  - -g.  Apply  constant  acceleration  equations  for  the  .r  and  v components  of 
the  motnin. 

Set  Up: 


V(u  - v^CQia^  - 25.2  m s 
v0  = v;.sm  //,,  = 16.3  m's 


(a)  At  the  maximum  height  i*  - 0. 

a,  - -9.80  mx\  v,  = 0%  vQt  » + 16.3  m's,  y - y0  = ? 

= i'i,  ’ 2i  _ (>■  - _v,  > 

Execute:  ,+l3.6m 

* 2 at  2(-9.80  mV  > 

(hj  SET  Up:  Find  the  velocity  by  solving  for  its  r and  \ components. 

v4  - vlj  - 25.2  m’s  (since  ak  - 0 1 

v - -9.80  nv'sJ,  y — y4  — -15.0  m I negative  because  at  the  ground  the  rock  is  below  its  initial  position), 

v4t  - 16.3  m s 

+ 2 a,{y-yt) 

v.  - » 3d_|  v - vj)  ( i.  u negative  because  at  I he  ground  iIk  rock  i*  traveling  downward) 

EXECUTE:  v,  - -Jtltii  mi)1  * 2I-9.K0  mi’X-IS.O  ml  - -23.7  mi 

Then  v = ^v;  » v-J  = J(25.2  mil’  -.(-23.7  mi)’  - 34.6  mi. 

(Cl  SET  Up:  Use  the  vertical  motion  (y- component  I to  find  the  tinw  th:  rock  is  in  the  air. 

t -?,  v - -23.7  m s (from  part  <b)).  a,  - -9.80  m's\  »,  - +16.3  m s 


v - » 


Execute:  / - 


-23.7  ms -16.3  ms 


■ \ 


a,  -9.80  m s* 

SET  Up:  Can  use  this  / to  calculate  the  horizontal  range 
t - 4.08  s.  vlt  a 25.2  m*.  a.-O,  x-x^*? 

EXECUTE:  t-.yc>  - \\J  + r**/  -(25.2  msX4.08  s)  + 0-  103  m 
(d)  Graphs  of: r versus/,  y versus/.  v versus/,  and  v versus/: 


Figure  3.23b 
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3.25. 


3.26. 


3.27. 


EVALUATE:  The  time  it  takes  the  rock  to  travel  vertically  to  the  ground  is  the  tinx  it  has  to  travel  horizontally. 
With  v0t  - +16.3  ms  the  time  it  takes  the  rock  to  return  to  the  level  of  the  roof  (y  - 0»  is  / - 2vu>  tg  - 3.33  s.  The 
time  in  the  air  is  greater  than  this  because  the  rock  travels  an  additional  15.0  m to  the  ground. 

IDFA  I1FY : Consider  the  horizontal  and  vertical  components  of  the  projectile  nxitioa.  The  water  travels  45.0  m 
horizontally  in  3.00  s. 

SET  Up:  Let  +y  be  upward.  at  =0,  ar  » -9.80  m»V . i0j  - , vt,  = v»sin 0, . 

Execute:  (a>  v - xt  - vlti  + 4 a f : gives  X - - v0(cm£ \<  and  cos 0„  - * M 0.600 : O. , - 53. 1 ° 

<25.0  nvs)<3.00  s) 

(b>  At  the  highest  point  v.  - vj4  - (25.0  m skos53.10  - 15.0  m s . v - 0 and  v - - 15.0  m s . At  all  points 

in  the  motion,  u - 9.80  m's*  downward 
lc>  Find  v-JV  when  / - 3.00s : 

y - v,  - v,l » ia./;  - (25.0  nr iX*in53.l°X3.00  ral-)<3.00  s)!  - 15.9  m 

v.  = va,  - 1 5.0 mi . r,  = vt,+aj  =<250 m'iXwn53.l',)-(9«0m^,X3.00»)  = -94l  in'*,  and 

'ijf/'v1  - ^11 5.0  mi)--  -» <—9.41  ml)'  - 17.7  mi 

EVALUATE:  The  acceleration  is  the  same  at  all  points  of  the  motxm  It  takes  the  water 


! — -S-. 


20.0  ms 


-9.80  m i 


- 2.01  s to  re;ich  its  maximum  height.  When  the  water  reaches  the  building  it  has  passed 


its  maximum  height  and  its  vertical  campoornt  of  velocity  is  downward. 

Identify  and  SET  UP:  Th:  stone  moves  in  projectile  motion  Its  initial  velocity  is  the  sanx  as  that  of  the  balloon. 
Use  constant  acceleration  equations  for  the  v and  r components  of  its  motion.  Take  +y  to  be  upward. 

EXECUTE:  (u)  Use  tlx-  vertical  motion  of  the  rock  to  find  th:  initial  height, 
r = 6.00  s.  v9f  = +20.0  nVs*  a,  = +9.K0  ms3,  y - y6  = ? 

y - >4 = v * Taf  *ive*  y “ >'*  ^ 2%  m 

<b)  In  6.00  s the  balloon  travels  downward  a distance  y-)\  - (20.0  sl(6.00  s)  - 120  m.  So*  its  height  above 
ground  whm  the  rock  hits  is  296  m - 1 20  m - 1 76  m 

(cl  The  honzontal  distance  th:  rock  travels  in  6.1X1  s is  90.0  m.  Th:  vertical  component  of  the  distance  between  the 
rock  and  the  basket  is  176  m so  the  rock  is  ^'(176  m>*  +(90  m)‘  - 19K  m from  the  basket  when  it  hits  the  ground. 
<d>  < i)  The  basket  has  no  horizcmtal  velocity,  so  the  rock  has  horizontal  velocity  15.0  m s relative  to  the  basket. 

Just  before  the  rock  hits  the  ground*  its  vertical  component  of  velocity  is  v,  - \\%  + a i — 

20.0  m s + (9.K0  m %2  K6.tXi  s)  - 78.8  m s.  downward,  relative  to  the  grouixl.  The  basket  is  moving  dovvnw  ard  at 
20.0  m's.  so  relative  to  the  basket  the  rock  lias  downward  conyioncnt  of  velority  58.8  m's. 

<e)  honzontal:  15.0  m s;  vertical:  78.S  ms 

EVALUATE:  The  rork  has  a constant  horizontal  velocity  and  accelerates  downward 
IDENTIFY:  TTic  shell  moves  as  a projectile.  To  just  clear  the  top  of  the  cliff,  the  shell  must  have 
y - y4  - 25.0  m when  it  has  x - 60.0  m . 

S»:r  UP:  Let  +y  be  upward,  a,  - 0.  at  - -g  . = i0cos43°,  - v,sin43°  . 


EXECUTE:  (u)  horizontal  motion:  x-x.  = r / so  / - 

“ * <vtcc*43*)/ 

vertical  motion:  y - y\  = v4lf  + ±a,r  gives  25.tkn  - (\\,  sin  43.CT’)f  + ^(-9.80m/s3  )f3 . 


Solv  ing  these  two  simultaneous  equations  for  r,  and  / gives  vv  - 3.26  m&  and  t - 2.51  s . 
(b>  v.  when  shell  reaches  el itT: 


v,  = V.,  » a, l - (32.6  mi) sin  43.CP  - I9.S0  n»*;  |<2.5 1 %)  - -2.4  mi 
The  shell  is  traveling  downward  w hen  it  reaches  the  cliff,  so  it  lands  right  at  the  edge  of  the  cliff. 

I* 

Evaluate:  The  shell  reaches  its  maximum  height  at  / - - 2.27  s . which  confirms  that  at  / - 2.51  s it  has 

passed  its  maximum  height  and  is  on  its  way  down  when  it  strikes  the  edge  of  the  cliff 

Ides  i if  Y ; The  suitcase  moves  in  projectile  modem.  The  imtal  velocity  of  the  suitcase  equals  the  velocity  of  the 
airplane. 
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3.28. 


3.29. 


3.30. 


3-31. 


3.32. 


Si:r  UP:  Take  +v  to  be  upward.  at  =0,  at  - -g  . 

EXECUTE:  Use  the  vertical  motion  to  find  the  time  it  takes  the  suitcase  to  reach  the  ground: 
v«,  = v,  sin23:.  at  - -9.S0  m'sJt  y-y\  = -1 14  m.  t = ? y - v*  = v, ./  + id,f3  gives  t - 9.60  % . 
Tlte  distaixe  the  suitcase  travels  hon/xmtallv  is  x-x.  - v*  =(va  cos23.0:|f  - 795  m . 


EVALUATE:  An  ctoiccl  released  from  rest  at  a height  of  1 1 4 m strikes  the  orvmnd  at  f - I— — — 4.82  s . The 

V -K 

suitcase  is  in  the  air  much  longer  than  this  sinre  it  initially  has  an  upward  component  of  velocity. 

IDI-Mltt : Determine  how  depends  on  the  rotational  penod  T. 

Setup: 

EXECUTE:  For  any  item  in  the  washer,  the  centripetal  acceleration  will  be  inversely  proportional  to  the  square  of 
the  rotational  period;  tripling  the  centripetal  acceleration  involves  decreasing  the  period  by  a factor  of  . so  that 
the  new  period  T is  given  in  terms  of  the  previous  period  Tby  T'  - T . 

EVALUATE:  The  rotatioral  period  must  he  decreased  in  order  to  increase  the  rate  of  rotation  and  therefore 
increase  the  centnpetal  acceleration. 

IDEVT1FV:  Apply  Eq.  (3.30). 

Set  Up:  T = 24  h . 

Execute:  um  mi  _Q0M  _3  4x|0  ^. 

- (C4hxW(X.^h)r 


(h)  Salving  Eq.  <3.301  for  th:  period  T with  a.  - v . T ^ ‘ 1,1  ~ 

9.80  m'i 


5070  s -I  4 h. 

* - 294  requires  that  T be 


3.4x10  ' 


EVALUATE:  atJ  is  proportional  to  1/7°  . so  to  increase  a ^ by  a factor  of 

multiplied  bv  a factor  of  - ■ . - - I 4 h . 

J294  V294 

IDENTIFY:  Each  blade  tip  moves  in  a circle  of  radius  R - 3.40  m and  therefore  has  radial  accclcratxm 

attkMV*fR. 


SKT  Up:  550  rev  nun  - 9. 17  rev/s  . corresponding  to  a period  of  T — 

2xR 

Exec  1 te:  (a)  v - — 196  m s . 


£.17  rev  s 


'.U09 1. 


(b)  — -1.13x10*  ms'-1.15x|0‘g. 


Evaluate:  a . - — — u.ivcs  the  same  results  for  d^as  in  part  tb). 


IDENTIFY:  Apply  Eq.<3.30). 

SET  UP:  R - 7.0  m . g - 9.K0  ms* . 

Execute:  (a)  Solving  llq.  (3.30)  for  7*  in  terms  of  R and  . 

'Wj.r-tf.a-,  = ^4^J(7.0  m)T3.0K9.K0  m's2)  = 3.07  s . 

(b)  = lOg  gives  T = 1.68  s . 

EVALUATE:  Mien  a ^ increases,  T deceases. 

IDENTIFY:  Each  planet  moves  in  a circular  orbit  and  therefore  has  acceleration  a ^ - \^JR  . 

SET  UP:  The  radius  of  the  earth  s orbit  is  r - 1 .50*  10  1 m and  its  orbital  pcood  is  T - 365  days  - 3. 16  x 10:  s . 
For  Mercury,  r - 5.79  x 10  1 m and  T - 8S.0  divs  - 7.60  x 10*  s . 


J.rr 


KXECUTE:  (a)  v-  - 2.98x10*  m's 


(b)  at^  = —^5.91x10  1 «n  s\ 

r 

(c)  4.79x  104  ms.  and  a -3.96x10  * ms* 
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3J3. 


3.34. 


3.35. 


3-36. 


EVALUATE:  Mercury  has  a larger  orbital  velocity  and  a larger  radial  acceleration  than  earth. 
Iden  l it  \ : Uniform  circular  motion. 


41 


SET  UP:  Siixc  tb:  magnitude  of  v is  constant.  - — — - 0 and  the  resultant  acceleration  is  equal  to  the  radial 

Jt 

component.  At  each  point  in  the  motion  the  radial  component  of  the  acceleration  is  directed  in  toward  the  center  of 
the  circular  path  and  its  magnitude  w given  by  vm : R. 

Execute:  <u>  - - — IM  *'  - 3.50  ms*,  upward. 

R 14.0  m 

(b)  Tlic  radial  accclcratHin  has  tb:  same  magnitude  as  in  part  (a),  but  now  the  direction  toward  the  center  of  the 
circle  is  downward.  The  acceleration  at  this  point  in  the  motion  is  3.50  mV.  downward. 

(c) SST  UP:  The  time  to  make  one  rotaticei  is  the  period  T.  and  the  speed  i is  the  distance  for  one  revolution 
divided  by  T. 

_ 2t R _ 2.T R 2*1  14.0  m)  t_  , 

Execute:  i- so  T 12.6  s 

T v 7.00  m s 

EVALUATE:  The  radial  accckrraiion  is  constant  in  magnitude  since  r is  constant  and  is  at  every  point  in  the 
mot >:m  directed  toward  the  center  of  the  circular  path.  The  acceleraticei  is  perpendicular  to  v and  is  ncmxcro 
because  tb:  direction  of  »•  changes. 

IDENTIFY:  Tbc  acceleration  is  the  vector  sum  of  tbc  two  perpendicular  components,  a ^ and  . 

SET  Up:  is  parallel  to  r and  hence  is  associated  with  the  change  in  speed:  - 0.500  mV  . 

Execute:  (a)  /*  = (3  ntfi)'  1(14  m) = 0.643  mi* . 

a =((0.643  mi’)’  -t(0.5  m*’)')'  ’ -0.S14  mi\  37.9"  lo  ihc  right  of  vertical. 

(b)  The  sketch  is  given  in  Future  3.34. 


I DE\  nn : Eiach  part  of  his  body  motes  m uniform  circular  motion,  with  <r  u The  speed  in  rcx/%  is  17. 

R 

where  T is  the  period  in  secorxls  ttime  for  1 revolution!.  The  speed  v increases  with  R along  the  length  of  his  body 
but  all  of  him  rotates  with  the  san>:  period  T. 

SET  Up:  For  his  head  R - 8.84  m and  for  his  feel  R - 6.84  m . 

EXECUTE  (u>  v = - ,/|K.£4  mMI2.5H9.KD  mV)  = 33.9  rn'i 

(b)  Use  • — . Since  his  head  has  - 12.5#  and  R - 8.H4  m * 


r= 


8.84  m . R 4.t*(6.84  m) 

■ 1.688  s . Then  his  tect  have  *».  - — 

^ 125(9.80  mV)  7*  <1.688 

The  difference  between  the  acceleration  of  his  head  and  his  feet  is  I2.5g  -9.67tj  - 2.S3g  - 21.1  m s* . 


-94.8msJ  -9.67#  . 


(c>  -1 ■ • 0.592  rev ’s  - 35.5  mm 

r l.69s 


Evaluate:  His  feet  have  speed  v - ^Ra^  - ^<6.84  mX94.8  m s')  - 25.5  ms 

I DEV  iifa  : The  relative  velocities  are  \\%  . the  velocity  of  the  scooter  relative  to  the  flatcar.  %\<t . the  scooicr 
relative  to  the  ground  and  r*  c , tbc  flatcar  relative  to  the  ground.  v40  — E \\  Kt . Carry  out  the  vector  addition  by 
draw  mg  a vector  addition  diagram. 

SET  UP:  vit  • rtc,  — r\ c . vUt  is  to  the  right,  so  -r, is  to  tbc  left. 

EXECUTE:  In  each  case  the  vertex  addition  iliacram  gives 
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3.37. 


3.38. 


3.39. 


3.40. 


(a)  5.0  ms  to  the  nght 
(b>  16.0  m s to  the  left 
|c)  1 3.0  m's  to  the  left. 

Evaluate:  The  scooter  has  the  largest  speed  relative  to  the  ground  when  it  is  moving  to  the  right  relative  to  the 
tlatcar.  since  in  that  ease  the  two  velocities  rif  and  vt  u arc  in  the  some  direction  and  their  magnitude  add. 

IDF-N  I1FY : Relative  velocity  problem.  The  time  to  walk  the  length  of  the  moving  sidewalk  is  the  length  divided 
by  the  velocity  of  the  woman  relative  to  the  ground. 

SET  L’P:  Let  W stand  for  the  wonvin.  (»  for  the  ground,  and  S for  the  sidewalk.  Take  the  positive  direction  to  h: 
the  direction  xn  which  the  sidewalk  is  moving. 


The  velocities 


1 1* 


(woman  relative  to  the  grounds  v*  { woman  relative  to  the  sidewalk l.  and  v (sidnvalk 


relative  to  the  ground k 

r.q.< 3.33)  b«on>»  i’,,.  = >«,.+ 

The  time  to  reach  the  other  end  k given  by  i - 

Execute:  (u)  vtl.  - l.o  m s 
vM  = + 1 .5  m s 

v»  »i  - lw«  ♦ s 1-5  mfc  + 1.0  m s - 2.5  m s. 

35.0  in  35.0  m t 

f- - 14  s. 

2.5  m s 

|b)  - 1.0  m's 

v =-1.5  m's 


distance  traveled  relative  to  ground 


i I* 


r »• 


ku 


-1.5  m's  -f  1 .0  m's  - -0.5  m»'s.  (Since  v now  is  nc$itivc.  she  must  get  on  the  moving 


sidewalk  at  the  opposite  end  from  in  part  (a}.| 
-35.0  m -35.0  m 


- 


- 70  x. 


iV«.  -0.5  m's 

EVALUATE:  Her  speed  relative  to  the  ground  is  much  greater  in  part  (a)  when  she  walks  with  the  motion  of  the 
sidewalk. 

Identify:  Calculate  the  rower’s  speed  relative  to  the  shore  for  each  segment  of  the  round  trip. 

SET  UP:  The  boat’s  speed  relative  to  th:  share  is  6.8  kmh  dovvnsttcam  and  1 2 kmh  upstream. 

Execute:  The  walker  moves  a total  distanre  of  3.0  km  at  a speed  of  4.0  km  h.  and  takes  a tim:  of  three  fourths 
of  an  hour  (45.0  min). 

1.5  km  1.5  km 


flic  uxal  umc  the  rower  taxes  is 


.47  h -SH.2  mm. 


6.8  km  h 1.2  kmh 

EVALUATE:  It  takes  the  rower  longer,  even  though  for  half  the  distance  his  speed  is  greater  than  4.0  km  h.  The 
rower  spends  more  tin>:  at  the  slower  speed. 

Identify  : Apply  the  relative  velocity  relation. 

SET  L!P:  The  relative  velocities  are  \\  l . the  canoe  relative  to  the  earth.  i % th:  velocity  of  the  river  relativ  e to 
the  earth  and  r<  k . the  velocity  of  the  canoe  relative  to  the  river. 

Execute:  P<  i • ♦ *Vct.  and  therefore  v,  v.  * K s “ Th:  velocity  coir^uxvents  of  »;t  fc  arc 

-0.50  m s ♦ (0.40  m. 'sVyfi.  cast  and  (0.40  m s)(  %/2.  south,  for  a velocity  relative  to  the  river  of  0.36  m s.  at 

52.5°  south  of  w est. 

Evaluate:  The  velocity  of  the  canoe  rehtivc  to  the  river  lias  a smaller  magnitude  than  the  velocity  of  the  caroc 
relative  to  the  earth. 

IDF-VUFY : Use  the  relation  that  relates  the  relative  velocities. 

SET  L’P:  The  relative  velocities  arc  the  velocity  of  the  plane  relative  to  the  ground.  fr6 . th:  velocity  of  the  plane 
relative  to  the  air.  vf  A . and  the  vclccity  of  the  air  rehtivc  to  the  ground.  %\u  . rt.A,  must  due  west  and  must 
be  south.  vKit  - SO  km  h and  vp%  - 320  km  h . »*t.o  - »‘/  A 4 . The  relative  velocity  addition  diagram  is  given 

in  Figure  3.40. 

EXECUTE:  (u)  — — - ■ jnd  0 ^ U8 . north  of  «wL 


IV,  320  km  h 

(b>  vM  - Ji;,  - r'c  - ,.'<320  km  hi1  - (KOI)  kin  h)*'  - 310  km  h 
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EVALUATE:  To  travel  due  west  the  velocity  of  the  plane  relative  to  the  air  must  have  a westward  component  and 
also  a component  that  is  northward,  opposite  to  the  wind  direction. 

S 

rs  r 


Figure  3.40 

IDEVTIIY:  Relative  velocity  problem  in  two  dimensions.  His  motion  relative  lo  the  earth  (time  displacement  s 
depends  on  hrs  velocity  relative  to  the  earth  so  we  must  solve  for  this  velocity, 
la) SET  UP:  View  the  mixtion  from  above. 


4 


The  velocity  vectors  in  the  problem  arc: 
vm . the  velocity  of  the  nun  relative  to  the  earth 
vv  u . the  velocity  of  the  water  relative  to  the  earth 
rMU . the  velocity  of  the  man  relative  to  t \k  water 
The  rule  for  adding  these  velocities  is 


Figure  3.41a 

The  problem  tells  us  that  t has  magnitude  2.0  m s and  direction  due  south.  It  also  tells  us  that  rviv 
magnitude  4.2  ms  and  direction  due  east.  Th:  vector  addition  diagram  is  then  as  shown  in  Figure  3.41b 

This  diagram  shows  the  vector  additicei 

” V»  * >Vl 

1 and  also  has  »•***  and  rW4  in  their 

~ ^ specified  directions.  Note  that  the 

v - 4.2  nv*'  vector  diagram  forms  a right  triangle. 


W42"* 

figure  3.41b 


Tlie  Pythagorean  theorem  applied  to  the  vector  addition  dug  ram  gives  v* 


4.2  in  s 


I \ ui  ii:  '.  ••  v;  1 : : s|  t|20nvs>:  4.7  ms  tan.1-  — ~ 2.10.  0 65  : or 

\\tQ  2.0  ms 

0-90  °-0-  25°.  The  velocity  of  the  man  relative  to  the  earth  has  magnitude  4.7  ms  and  direction  2S3  S of  E. 
(b)  This  requires  careful  thought.  To  cross  the  river  tl»:  nun  must  travel  800  m due  east  relative  to  the  earth.  The 
man's  velocity  relative  to  tfo:  earth  is  rMt.  But,  from  the  vector  addition  diagram  the  eastward  component  of  vMt 
equals  v - 4.2  m s. 


v,  4.2  m s 

(c)  The  southward  component  of  rvll  equals  \\  t - 2.0  nvs.  Therefore,  in  the  190  s it  takes  him  to  cross  the  river 
the  distaixe  south  the  man  travels  relative  to  the  earth  is 

y - >’o  = ‘V  * (2.0  IHSX 190  s)  - 3S0  m 

Evaluate:  If  there  were  no  current  he  wwuld  cross  in  the  same  time.  (800  m)/(4.2  nVs)  - 190  s.  The  current 
camcs  him  dnwnstream  but  doesn’t  affect  his  motion  in  the  perpendicular  direction,  from  hank  to  hank. 

3.42.  IDENTIFY:  Use  the  relation  that  relates  the  relative  velocities. 

SET  UP:  The  relative  velocities  are  the  water  relative  to  the  earth.  rl#  t . the  boat  relative  to  th:  water.  rMV  . and 
the  boat  relative  to  the  earth.  i‘u|  . Pk4  is  due  east.  is  due  south  and  has  nugmtixle  2.0  nv*.  v4.A  -4.2  m s. 
i*ut  - **  * • The  velocity  addition  diagram  is  given  in  Figure  3.42. 
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3.43. 


Execute:  (i>  Find  ihc  direction  of  rhW  . an  0-llL  lA  ' 

■aw  4 2 

(b)  vbl  - Jvlv  -%i»  - ^(4.2  m'i)1  -(2.0  in's)1  - 3.7  m s 


. 0 - 28.4'  . north  of  east. 


Evaluate:  It  takes  longer  to  cross  the  river  in  this  problem  than  it  did  in  Problem  3.41.  In  the  direction  straight 
across  the  river  (cast)  the  component  of  his  velocity  relative  to  the  earth  is  lass  than  4.2  ms. 


Figure  3.42 


IDENTIFY:  Relative  velocity  problem  in  two  dimensions. 

(a)  SET  LtP:  »',  * is  the  velocity  of  the  plane  relative  to  the  air.  The  problem  states  thit  v,  K has  magnitude 

35  m's  and  direction  south. 

vsf  is  tlx  velocity  of  the  air  relative  to  the  earth.  The  problem  states  that  vKl  is  to  the  southwest  I 45°  S of  W) 
and  has  magnitude  1 0 m s. 

The  relative  velocity  equation  is  ^ * ivl. 


Figure  3.43a 

Execute:  «b.  <.Vt ).  - 0.  (»-,  A ),  = -35  ml 
(vAl  |,  - -(10  ml)cM4S°  - -7.07  ml. 

<'\i  I,  = -(10  ml)  tin  45°  = -7.07  ml 

<vm  >.  -K«).  *■(**,,>.  =0-7.07  ml  =-7.1  mi 

(»„>,  ■(>>.*),  =-35  ml -7.07  ml  = -42  ml 

li  i = )!  *(‘m)! 

ip,  - ^(-7.1  mil'  -» (— 12  ml)'  = 43  ml 

Unff-i2ilL_ZZJ.-0.l69 

(*>.),  -o 

ff  = 9.6°;  1 9.6°  wiaofioulh) 


EVALUATE:  The  relative  velocity  addition  diagram  docs  not  form  a right  triangle  so  the  vector  addition  must  lx 
dooc  using  ccxnpocxntx.  The  wind  adds  both  southward  and  westward  conqioocnts  to  the  velocity  of  the  plane 
relative  to  the  ground. 


\ 
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3.44. 


3.45. 


3.46. 


iDiYim : Use  Eq*.(2.17)  and  (2.18). 
si:r  UP:  At  the  maximum  height  » =0. 

toaTC  (a)  v.  v.  -i,.  +fh-Ll\and  x = v„l  + 2.t,.y  = v„l*{Lt‘  -L i‘ . 


-  2  3 , which  ha*  as  the  positive  volution 


( b)  Setting  \\  - 0 yield*  a quidratie  in  /.  0 - \\ 

1 - — |y/  + -f  2r,/  j - 13.59  * . Using  this  time  in  the  expression  for  y{t)  gives  a maximum  height  of  34 1 m. 
(c>  The  path  of  the  rocket  is  sketch^!  in  figure  3.44. 

Kl)  > - Ogives  0-  »•,  1 1 lir-Lt  and  -0.  The  positive  solution  is  1 a 20.73  s . Foe  this  /. 


x = 3.85x10*  m. 

EVALUATE:  The  graph  ill  pari  (c)  shows  the  path  is  not  symmetric  about  the  highest  point  and  the  time  to  return 
to  the  ground  is  less  than  twice  the  time  to  the  maximum  height. 


figure  3.44 


_ dr  . dv 

IDENTIFY:  v - — and  a — — 

di  di 

Set  Up:  (r")sjtf*  ‘.At  r a 1.00 s,  at  a 4.00  mrs*and  a = 3.00  m's; . At  /^0.  x -(land  y = 50.0  m. 

i it 

Execute:  (u>  v4  - — - 2 St . at  - - 2 B . which  i*  independent  of/.  at  - 4.00  ms*  gives  B - 2.00  m s: . 

di  di 

v.  - — - 3 Dt: . d - - 6/3/ . a . - 3.00  m/s*  gives  D - 0 500  m»V  . x- Oat  / -0 gives  A - 0 . y - 50.0  m at 

dt  dt 

1 - 0 gives  C - 50.0  m . 

(b>  At  / - 0 . v4  - 0 and  \\  - 0 . so  r -0.  At  / - 0 . at  - 2B  - 4.00  ms*  and  d%  - 0 . so  d - (4.00  m»'sa )i  . 

(c)  At  / = 10.0  s . v*4  — 2<2.00  mVHlO  O s)  ^ 40.0  mS  and  v,  - 3<0.500  nvs'hlO.O  s Y = 150  m s . 
r;  -155  tit's. 

Kb  .v  — (2.00  m»'s*)(IO.O  s)*  — 200  m . y - 50.0  m r <0.500  ms1  )(10.0  s)1  ^ 550  m r -(200  m)«s  + (550  m)/\ 
EVALUATE:  The  velocity  and  accclcratxm  vectors  as  functions  of  time  are 
Yit)mm{2Bt \i  4-(3/V)y  and  u(/)-<2tfli  + (6 Di)j  . The  acceleration  is  not  constant 

IDENTITY:  r - r%  ♦ r{/)rf/  and  a - 

SKT  UP:  At  / - 0 . xt,  - 0 and  yv  a 0 . 

Execute:  (u)  Integrating,  r - (fit  - y / * v*  4-  (£/*)/ . Differentiating,  a - (-2 fit)i  + y j . 

(hi  Tlie  positive  time  at  which  x - 0 is  given  by  /*  - 3 affl . At  this  time.  the  v*coordinate  is 

2 2/f  2(1.6  ms) 


EVALUATE:  The  acceleration  is  not  constant. 
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3.47. 


3.48. 


3.49. 


3.50. 


iDFAHtY:  Once  the  rocket  leaves  the  inclirc  it  moves  in  projectile  nwtion.  TTie  acceleration  along  th:  incline 
determines  the  initial  velocity  and  initial  position  for  the  projectile  motion 

SET  UP:  l;or  motion  along  the  incline  let  -t.t  he  directed  up  the  incline.  - r*4  -f  2a  (x  - .y|()  gives 
vt  - ^2(1.25  m's:  M 2<H)  ml  - 22.36  m's  . When  th:  projectile  motion  begins  th:  rocket  has  i,  - 2236  in  s at 
35.0°  above  the  horizontal  arxl  is  at  a vertical  height  of  <200.0  m)sifi35.0°  - 1 14.7  in  . Foe  the  projectile  morion 
let  -fx  be  hon/xmtal  to  the  right  and  let  +y  be  upward.  Let  v - Oat  the  ground.  Then  yv  - 1 14.7  m . 

V,.  a vuco«35.0;  - 18.32  m ts . iy>,  - sin 3 5.0°  - 12.83  m's . a,  - 0.  a,  - -9.80  m s* . Let  x - 0 at  point  A%  so 
xv  - <200.0  inlco*35.0*  = 163.8  m . 

Execute:  (u>  At  th:  maximum  height  v,  - 0 . v?  - v*,  + 2at  (y-yj  gives 
i’1-*;*  0- <12.83  m'SF 

v - v,  — — 8.40  m and  v - 1 14.7  ra  + 8.40  m - 123  m The  maximum  heiclu  above 

2a,  2(-9.S0  m's*) 

ground  is  123  m. 

(hi  The  time  in  the  air  can  be  calculated  from  the  vertical  component  of  the  projectile  motion:  y - yu  - - 1 14.7  m . 
v - 12.83  m's  . a - -9.80  m's5 . y- y = v t t-io  r gives  <4.90  mfc*)#1  -(12.83  m'sjf  - 1 14.7  m . The 


quadratic  formula  gives  f - 12.83 1 12.83)*  t 4(4.901(1 14.7)  | s . The  positive  root  is  / - 6.32  s . 


[ha 


x-x4  - v(  i ^4 a t'  - <18.32  m's)<6.32  s)  - 1 15.S  in  and  .y  - I63.S  m + 1 15.8  m -280  in  . The  horizontal  range  of 
the  rocket  is  280  m. 

Evaluate:  The  expressions  for  h and  R derived  in  Example  3.8  do  not  apply  here.  They  are  only  for  a projectile 
tired  on  level  ground. 

I DEN  lliY : TTic  person  moves  in  projectile  motion  Use  the  results  in  Example  3.8  to  drterminc  how  7 h and  D 
depend  on  g and  set  up  a ratio. 

SET  UP:  From  Exaimlc  3.8.  the  time  in  the  air  is  / . the  maximum  txight  is  h - -and  the 

X 2Z 

horizontal  ranee  (called  D in  the  problem)  is  D The  pierson  lias  the  same  v„  and  r/.  on  Mars  as  on 


he  earth 


EXECUTE:  ig  - 2v.  sitwz. . which  is  constant,  so  f.  y.  - fv  . fv  - — ... 

V 0.379^, 


■'-i 


f & 


. a 2.64/, . 


i„  sin  a , whjcj|  COfwUint  Sl>  ^ ^ . hu  - | — | h%  - 2.64/i4  . Dg  - i t*  sin  2av . which  is  constant. 


EVALUATE:  All  three  quantities  arc  proportional  to  1 g so  all  increase  by  the  same  factor  of  g :'gw  - 2.64  . 


Idi.n  IIIV:  TTie  range  for  a projectile  that  lands  at  the  same  height  from  which  it  was  launched 


Mn2n. 


SET  L’P:  The  nxaximum  range  is  for  a - 45°  . 

EXECUTE:  Assuming  a - 45° . and  R - 50  m . v,  - <JgR  - 22  m’s  . 

EVALUATE:  We  have  atsunxd  that  debris  was  launched  at  all  angles,  including  the  angle  of  45‘  that  gives 
maximum  range. 

IDENTITY:  The  velocity  has  a horizontal  tangential  component  and  a vertical  component.  The  vertical  component 


of  acceleration  is  zero  and  the  horizontal  component  is  - -j- 

SET  UP:  Let  + y be  upward  and  -a*  be  in  the  direction  of  the  tangential  velocity  at  the  instant  wc  are 
cons  idling. 
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3.51. 


3.52. 


3.53. 


Execute:  (a)  The  bird**  tangential  velocity  can  be  found  from 

circumference  2ff(8.00  m)  50.27  m 


v - 


- 10.05  m i 


time  ot  rotation  5.1X1  x 5.00  x 

Thu*  itx  velocity  conxixtx  of  the  corrpcxvents  vt  - 10.05  m'x  and  v.  - 3.00  m'x  . The  speed  relative  to  the  ground  is 
then  v - ^vf  + - 10.5  m'x  . 

(I>)  The  bird’s  xpeed  ix  constant,  so  its  acceleration  is  strictly  centripetal  entirely  in  the  horizontal  direction,  toward 

.21-  1*0  05  mil'  .|26m<, 


tlie  center  ot  its  spiral  path  and  hax  magnitude  a 


5.00 


let  Using  the  vertical  and  hon/ontal  velocity  cconponcnts  0 - tan  11 — 16.6°  . 

6 - ^ 10.05  m s 

EVALUATE:  The  angle  between  the  bird’x  velocity  and  tlie  hon/ontal  remains  constant  as  the  bird  rises. 

Idem  IF V : Take  t-  v to  tv  downward.  Both  objects  hive  the  simc  vcrtkal  motion,  with  vv  and  a - rg.  l.'se 
constant  acceleration  equal  xmx  for  the  v and  y components  of  the  motion. 

SET  L!P:  Use  the  vertical  motxm  to  find  the  time  in  the  air: 

>;  - 0.  a - 9.80  mx\  y - y#  - 25  m.  t -? 

Execute:  y-y0  - gives  / = 2.259  s 

During  this  tinx  the  dart  must  travel  m.  so  the  hon/ontal  component  of  its  velocity  must  tv 
x - Xp  90  m 


40  m s 


/ 2.25  s 

EVALUATE:  Both  objects  hit  tlie  ground  at  the  xanx  time.  The  dart  hits  the  monkey  for  any  mu//lc  velocity 
greater  than  40  m'x. 

IDENTIFY:  The  person  moves  in  projectile  motion  Her  vertxal  motion  determines  her  time  in  tlie  air. 

SET  Up:  Take  +y  upward  »i4  - 15.0  m s . v0,  - 1 10.0  mx  . a,  -0.  at  - -9.80  ms; . 

Execute:  (u)  Use  the  vertical  motion  to  find  the  time  in  the  air  y-yv  - », ,/  + r<J,t : with  y - v,  - -30.0  m 
gives  -30.0  m - (10.0  m'sy  - (4.90  m's*|/J . Th:  quadratic  formula  gives 

r - —L-JrlO.Ot^-IO.Or'  -4i4.9M-30||  % . The  positive  solution  it  / ^ J .70  x . During  this  time  she  travels 

hon/ontal  distance  x-x,  - v^l  +4 aJ3  - (15.0  m*H370  s)  - 55.5  m She  will  land  55.5  m south  of  the  point 
where  she  drops  from  the  helicopter  and  this  is  where  the  nuts  should  have  been  placed. 

(b)  Tlie  x-i, y*/f  \\  •/  and  v •/  graphs  are  skcichcd  in  Figure  3.52. 


2(30.0  m> 


EVALUATE:  If  she  h:xl  dropped  from  rest  a!  a height  of  30.0  m it  would  have  taken  her  / - 

” ‘9.80  ms 

She  is  in  the  air  longer  than  this  because  she  lias  an  initial  vertical  component  of  velocity  that  is  upward. 

x v v.  S 


- 2.47  i . 


Figure  3.52 


IDEs  I1FY : The  cannister  moves  in  projectile  motion.  Its  initial  velocity  ix  hori/caital.  Apply  constant  acceleration 
equations  for  the  .r  arxl  y components  of  motion. 
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3.54. 


3.55. 


T 


Set  Up: 

Take  the  effiginof 
coordinates  at  th:  point 
i*n  where  the  canister  ix 

x released.  Take  -tv  to  be 

x v upward.  The  initial 

\ velocity  of  the  canister  is 

' the  velocity  of  the  plane. 

^ 64.0  m s in  the 

^.v -direct  ion. 

Hgare  3.53 

Use  the  vertical  motion  to  find  the  Kin>r  of  fall: 

r - ?,  vc  - 0.  at  - -9.80  ms\  v - y0  - -90.0  m < When  the  canister  reaches  the  ground  it  is  90.0  m below  the 
origin.) 

>■-*.=>:,.'  + rtf/ 


900  m 

_L 


EXECUTE:  Since  x - 0.  / - 


pm7-  p 9£Ma|J6t 

y a,  V -9.80  ms* 


SET  Up:  Then  ihc  the  horizontal  ccmpoocnft  of  the  motion  to  calculate  hew  far  the  canister  falls  in  this  timc: 
v0j  = 64.0  m,'s. 

Execute:  x - xv  - vj  + lar  = 1 64.0  mx)(4.286  S)i0-  274  m. 

Evaluate:  The  time  it  takes  the  connecter  to  fall  90.0  m.  starting  from  rest,  is  the  tinx  it  trawls  horizontally  at 
constant  speed. 

I DEN  I1TY:  Htc  equipment  moves  in  projectile  motion.  The  distance  D is  the  horizontal  ranee  of  the  equipment 
plus  the  distarcc  the  ship  moves  while  the  equipment  is  in  the  air. 

SET  UP:  Tor  the  motion  of  the  cquipnvnt  take  -x  to  be  to  tlu  right  and  +y  to  be  upwards.  Then  <iK  - 0. 
it t - -9.80  in  s* . vl4  = VyCosa;,  - 7.50  m s and  - v,  sin/7,  - 13.0  m’s  . When  the  equipment  lands  in  the  front 
of  the  ship,  y - y4  = -8.75  m . 

Execute:  Use  the  vertical  motion  of  the  equipment  to  find  its  time  in  the  air  y — - \\t  + gives 

r - — i_|  13C±  ^(-13.0>*  t-4t  4.90XS.75) ) s . The  positive  root  is  r — 3.2 1 s . The  horizontal  range  of  the 

equipment  is  x - xv  - rl#f  + - <7.50  ms  #3.21  s)  - 24.1  in  . In  3.21  s the  ship  moves  a horizontal  distance 

(0.450  m'sK3.2l  s)  - 1.44  m . so  0 - 24.1  m + 144  m - 25.5  m . 

EVALUATE:  The  equation  R |*rom  j^xanplc  3.S  can’t  be  used  because  the  starting  artel  cud  me  points 


of  the  projectile  motion  arc  at  ditVerent  heights. 
IDENTIFY:  Projectile  motion  problem. 


Take  the  origin  of 
coordinates  at  the  point 
where  the  bill  leaves  the 
bat.  and  take  +>•  to  be 
upward. 

*o.  ■ W 
Hi,  = H.sino,,. 
but  we  don’t  know  \\ . 


Iluurc  3.55 


Write  down  the  equition  for  the  horizontal  displacement  when  the  ball  hits  the  ground  and  th:  corresponding 
equation  for  th:  vertical  displacement.  The  time  t ix  the  same  for  both  components,  so  this  will  give  us  two 
equations  in  two  unknowns  ( v4  and  f k 
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(a)  SET  UP:  \ component: 
a - -9.80  m*x\  v - vu  - -0.9  m.  v,  - v.  xin45: 


t / 


Execute:  -0.9  m - <v0sin4S°)i  + 4<-9.80  n*sl)tx 
SET  UP:  v componi'iu: 
a t - 0.  x — a*,  - 1 8S  m.  i'i4  - v4 cos45' 


Execute:  z-^— 


188  m 


v cox45: 


Put  the  expression  for  t from  the  .r- component  motion  into  thcycompoornt  equation  and  solve  for  v,.  (Note  that 
sin  45°  — cot  45°. ) 


-0.9  m - (ipsin 
4.90  iu'n:! 


*8  m 


cor  45^ 


-(4.90  m*'* 


1 88  m V 
i V,cob4S°J 


k.  cor  45 


- 1 88  m 1 0.9  m- 188.9  m 


os45:  V 4 90  m x- 
188  m ' 188.9  m 


v = 


4.90  mV 


- 42.8  nvs 


co«45  )\ 

(b>  Use  the  horizontal  motion  to  find  the  time  it  takes  the  hall  to  reach  the  fence: 
SET  UP:  v component: 

x-x*  = 1 16  m.  a*  0.  i.  - v,cos45:-  (42.8  m's)cos  45°=-  30.3  ml.  f-? 


X - A - \ l - -41  f 


Execute:  / - 


v - 


1 16  m 


- 3.83  s 


vd.  30.3  m’s 

SET  UP:  rind  the  vertical  displacement  of  the  ball  at  this  /: 
component: 

- v„  -?.  a%  - -9.80  nv’sJt  v0,  - v,  »n  45°  - 30.3  m x.  t - 3.83  x 

y-y ;=v*>/ 

Execute:  v->»0  = (30.3  xH3.83  s)  + 4C-9.80  mfr*X3.83  s>* 

>*  - - 1 16.0  m - 71 .9  m - +44.1  m,  above  the  point  where  the  ball  was  hit.  The  height  of  the  ball  above  the 

ground  is  44.1  m + 0.90  m - 45.0  m Ifs  height  then  above  the  top  of  the  fence  is  45.0  m-3.0  m - 42  .0  m 
EVALUATE:  With  \v  - 42.8  ms.  v;l(  - 30.3  m s and  it  takes  the  ball  6.18  s to  return  to  the  height  where  it  was 
hit  and  only  slightly  longer  to  reach  a point  0.9  m bekm  this  height.  / - (18S  m)/(v0cos45c)  gives  / - 6.21  s, 
which  agrees  with  this  estimate.  Th:  hall  reaches  its  maximum  height  approximately  1188  m)/2  - 94  in  from 
home  plate,  so  at  the  fence  the  hall  is  not  far  post  its  maximum  height  of  47.6  m.  so  a height  of  45.0  m at  the  fence 
is  reasonable. 

IDENTIFY:  The  water  moves  in  proJcctiV:  motion. 

SET  UP:  Let  - yv  - 0 and  take  +y  to  be  positive.  <ik  - 0.  af  - -g  . 

Execute:  The  equations  of  motions  are  y - (i't.  sin  a ir  - +gi'  and  .y  - (»,  cos  a If . When  tlie  water  goes  in  the 
tank  for  the  mini  mum  velocity,  v - 2D  and  x - 6 D . When  the  water  goes  in  th:  tank  fee  th:  max/mum  velocity. 
y - 2D  and  .y  - 7 D.  In  both  coxes,  sin  a - cox  a - J2/2. 

To  reach  the  nuntmum  distance:  6 D - »•/  . and  2D  - — —vj  ~ ygf5  Solving  the  first  equation  for  t gives 


6D>J2 

r Substituting  this  into  the  second  equation  gives  2D  - 6/3  - -i.»| 

Vb  ‘ I 


l *dJ2  V 


* 


Solvim?  this  for  v.  gives 
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3.57. 


3.58. 


3.59. 


To  reach  the  maximum  distance:  7 D - . and  2D  - — — \J  - Tg/‘  . Solving  the  first  equation  foe  / gives 

• 2 


f - . * Substituting  this  into  the  second  cquat 


ion  gives  2D  - ID  - ly  j 1 j . Solvi 


Solving  this  fee  v gives 


V,  - J*49 #£>.'  5 - 3. 1 $\jgD  . which,  as  expected,  is  larger  than  the  prcvxms  result. 

EVALUATE:  a launch  speed  of  vo  - y/byjyD  - 2.45 ^JyD  is  required  for  a horizontal  range  of  6/>  Th:  minimum 
speed  required  is  greater  than  this,  because  the  water  must  be  at  a height  of  at  least  2D  when  it  rearhes  the  front  of 
the  tank. 

Identity:  The  equatxms  for/j  and  R from  Example  3.S  can  be  used. 

vu  sin  2/t, 


SET  LP:  i - 


vliina 


tt;d  R 


If  the  projectile  is  launched  straight  up.  a -9(T  . 


EXECUTE:  (■)  h - -iL  and  v0  - ^ 


(hi  Calculate  a%  that  gives  a maximum  height  of  h when  »0  - 2^2g/i  . ft  - ' * ^ — 4^sin* « ( . smcr4  - land 

Ofi  a 300°  . 

(2  fiyft)  sin  60.0* 


(cl  X- 


-6.93A. 


Evaluate:  — so  R ■ . For  a given  r/„ . R irxrascs  when  h increases.  For  r/.  - 90^  . 


sxn  a 


0 and  for  « , - 0° . A - 0 and  - 0 . For  o0*45*,  R - 4/i . 

IDENTITY:  To  dear  the  bar  the  ball  must  have  a height  of  10.0  ft  when  it  has  a horizontal  displacenxnt  of  36.0  ft. 
The  ball  moves  as  a projectile.  When  vp  is  very  large,  the  ball  reaches  the  goal  posts  in  a very  short  time  and  the 
acceleration  due  to  gravity  causes  negligible  downward  displacement. 

SET  UP:  36.0  ft  - 10.97  m : 10.0  ft  - 3.048  m . Let  -tx  be  to  the  right  and  ♦y  be  upward.  sou.-O.  a,  -~g  * 
v4j  a v.  cos  a,  and  V4>  - v#  sin  <7, 

10.0  ft 


EXECUTE:  la)  The  ball  cannot  be  aimed  lower  than  directly  at  the  bar.  tanr/„  - 


36.0  ft 


and  a . - 15.5' . 


|b|  x-x,-  v,4f  * gives  i ■ * X ■ * **  - Then  y - v , - v;(./  + ±at:  gives 


1,-x.V 


' 1 ~ — g — j f (.»-», llano,  g-r 

l v,  cos  a,  ) 2 >,  cos  o„  2 v„coi  a. 

J s 

LIMO,  y 2JH  - *,  Man  a,,  - (y  - 


10.97  m 


9.80  ms 


12.2  ms 


v, )]  co* 45 .0  y 2110.97  m-3.lMK  ml 


Evaluate:  With  the  r in  part  <b)  the  horizontal  range  of  the  ball  is  R - - - 15.2  m - 49.9  ft  . The  ball 


reaches  the  highest  point  in  its  trajcctcey  when  x-x, R'  2 . so  when  it  reaches  the  gixil  posts  it  is  on  its  way 
down. 

IDENTITY : Apply  Eq43.27)  and  solve  far  x. 

SET  Up:  The  change  in  bright  is  > - -h  . 

EXECUTE:  (a)  We  get  a quadratic  equation  in  x . the  solution  to  which  is 


r.MStlun*  a,  + -M- 
v"  cosir 


I0cos^tr  ^ sin  ^ + ( I . 


8 u 


If  h = 0 . the  square  root  reduces  to  v*  sin  a. . and  v = R . 
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3.60. 


3.61. 


(b)  The  expression  for  x tcconxs  x = (10.2  mlcoso,,  * |sin*  a,  * ^sin'  a,  * 0.98  J . The  graph  of  x at  a function  of 
r/„  it  sketched  in  figure  3.59.  The  angle  av  - 90°  corresponds  to  the  projectile  being  launched  straight  up.  and 
there  it  no  horizontal  motion.  If  a%  - 0.  the  projectile  moves  hon/ontally  until  it  lux  fallen  the  distance  h. 

Id  I The  graph  shows  that  the  maximum  horizontal  distance  it  for  an  angle  less  than  45°  . 

EVALUATE:  Tor  a,,  - 45'  tlie  v and  y compcmcnts  of  the  initial  velocity  are  equal.  Tee  < 45"  the  x component 
of  the  initial  velocity  it  less  than  they  component.  Height  com^s  fnwn  the  initial  position  and  less  vertical 
component  of  initial  velocity  is  rveded  for  the  maximum  range. 

aiu»i  <u») 


Figure  3.59 

KDCVniY:  The  snowball  moves  in  projectile  motion.  In  part  la)  the  vertical  nxitnm  determines  the  time  in  the  air. 
In  part  (c),  find  the  height  of  tbc  snowball  above  the  ground  after  it  has  traveled  horizontally  4.0  m. 

SET  UP:  Let  +y  be  downward.  at  - 0.  u.  - *9.80  m/s*  . - »,cos 0,  - 5.36  m %%  v,t  - r.xintf,  - 4 50  m s . 

Execute:  (u|  Use  the  vertical  motion  to  find  the  time  in  the  air  y—y0  — + Td.f*  with  y-y,  - 14.0  m gives 

14.0  m - (4.50  m x)f +(4.9  nVs*)fJ . The  quadratic  formula  gives  ( - _J_|  -4.50  £ ^(4.50)*  - 4(4.9)<-14.0)  j % . 

The  positive  root  is  f - 1.29  s . Then  v-x,  - v(ut+r<Jj‘  - (5.36  nvsXl-29  s)  - 691  m . 

(b)  The  v*./.  v*/,  vt  •/  and  v •(  graphs  arc  sketched  in  Figure  3.60. 

. . , ' . x-X|  4.0  m 

(Cl  x — x -v  / t-di  gives  i 


- 0.746  s . In  this  time  the  snowball  travels  downward 


v 5.36  m s 


.1 


distarxc  v-y,  - v4,f  + -tf./*  - 6.08  in  and  is  therefore  14.0  m - 6.08  m - 7.9  m above  the  ground  The  snowball 
passes  well  above  the  man  and  doesn't  hit  him. 

Evaluate:  If  the  snowball  had  been  reVrascd  from  rest  at  a height  of  14.0  m it  would  have  reached  the  ground 


Y 9.S0  mV 


dow  nward  component  of  velocity. 


The  snowball  reaches  the  ground  in  a shorter  time  than  this  because  of  its  initial 


a 0 a 

Figure  3.60 

(a)  IDENTIFY*  and  SET  Ur:  Use  the  equation  derived  in  Example  3.8 

„ , 2i'.sinac 
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Call  the  range  ft  when  the  angle  it  a v and  ft  w hen  the  angle  is  90 °-a. 


ft  - (iv.cos«. 


2i't  sin  a, 
8 


Tlte  problem  asks  us  to  show*  that  ft  - ft . 

EXECUTE:  We  can  we  the  trig  identities  in  Appendix  B to  show 
co*(9Cr  -at.)  - catty/,,  - 90°)  = un 


Thu,  *,  jiii '^p. ; ;<v. «*■*.>[  2t"“n"'  - *, 

n.,  . , - <M5  KMD  ^ 

* >'  ii2wt*y 

Thit  gives  a = 15°  or  75°. 

Evaluate:  R -(if  sm  2a, )/g,  so  the  result  in  port  (at  requires  that  sin:(2a, ) - sin'(IS0° - 2at.L  which  is  true 

<Try  some  values  of  a;,  and  see!  I 
3.62-  iDCVnFV : Mary  Belle  moves  in  projectile  motion. 

Set  L’P:  Let  +>»  be  upward  at  - 0 , af  = -g  . 

EXECUTE:  (Ut  Eiq.(3.27|  with  X - 8.2  m . y -6.1m  and  a,  - 53  & gives  v0  - I3.S  m s . 

<b)  When  she  reached  Joe  Bob.  / - S'~  - 0.9874  s . v - v4j  - 8.3 1 ms  and  v - v|%  + at  - ♦ 1 .34  ms  . 

v = 8.4  m s , at  an  angle  of  9. 1 6* . 

(c)  Tlte  graph  of  v ;</)  it  a hon/ontal  line.  The  otl>n  grapht  are  sketched  in  figure  3.62. 

(d)  Use  I:q.  (3.27).  which  becomes  >*  = (1.327).y-(0.071  1 15  m ‘^.Setting  y = -8.6  m gives  x-23.8  mat  the 
positive  solution. 

*</)(««> 


3.63.  <i)  IDENTIFY:  Projectile  motion. 


400  nt 

Figure  3.63 


Take  the  origin  of  coordinates  at  the  top 
of  th:  ramp  and  take  + y to  be  upward. 
The  problem  specifies  thit  the  object  is 
displaced  40.0  m to  the  right  when  it  is 
1 5.0  m below*  the  origin. 


We  don’t  know  /,  \bz  time  in  the  air.  and  we  don’t  know  v . Write  down  the  equations  for  the  horizontal  and 
vertical  displacements.  Combine  these  two  cquitions  to  eliminate  ooc  unkrxiwn. 

SET  L!P:  t component: 

y-y,  - -15.0  m.  <i,  - -9.80  mi1.  >.,  “ >inn53.0® 

Execute:  -15.0  m-  (y,  «n  53.0:K  - (4.90  mi's1  V* 
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3.64. 


3.65. 


SET  UP:  v component: 

x-x4  = 40.0  m.  at  - 0.  v*,  = v;,co*53.0: 


Execute:  40.0m-<rfncos53.(r 

40.0  m 

The  second  equation  says  i. / 66.4?  m. 

ecu  53.0° 

Use  this  to  replace  vj  in  the  first  equatxm: 

-1 5.0  m - (66.4?  m>xin 53°  - (4.90  m’sV 


(6646  m)stnS3’+ 15.0  m I 6S.0S 


4.90  ms 


4.90  m .s 


- 3.727  s. 


Now  that  we  have  / we  can  use  the  i-camporxnt  equation 


solve  fee  v : 


40.0  m 40.0  m 

i 17.Sm*. 

* /eo*53.(T  (3.727  s)cos  53.0° 

Evaluate:  Using  these  values  of  i,  and  / in  the  y - yv  - vVt  + jO/'  equation  verifies  that  v - y4  - -150  m 
(h)  Identify:  vt  ^ <17.8  m's)/2  - 8.9  m* 

This  is  less  than  the  speed  required  t»>  make  it  to  the  other  sid:,  so  he  lands  in  the  river. 

IJ«  the  vertical  motion  to  find  the  tin*:  it  takes  him  to  reach  the  water 
SET  Up:  y -yt m - 100  m:  v* , - +v«  sin 53.0*  - 7. 1 1 m's:  a , - -9.80  m s*' 
y - y\  - yj  + gives  - IDO  - 7. 1 1/  - 4.90/* 

Execute:  4.90/‘ -7.il/-100-0  and  / - 7. 1 1 r ^'<7. 1 1)2  - 4<4.90K- 100) ) 

r ^ 0.726  s i 4.57  s so  t = 5.30  s. 

The  horizontal  distaixe  he  travels  in  this  time  is 


x - x,,  - vpJ  - (iv.cos53.0:if  - (5.36  ms)(5.30  s)  - 2S.4  m 

lie  lands  in  the  river  a horizontal  distance  of  2S.4  m from  his  launrh  paint. 

EVALUATE:  lie  has  half  the  minimum  speed  and  makes  it  only  about  halfway  across. 
IDENTIFY : The  ruck  moves  in  projectile  nxitiixi. 

SET  UP:  Let  +y  be  upward.  at  - 0 . at  » -g  . Eqs.(3.22|  and  (3.23)  give  v,  and  v.  . 

EXECUTE:  Combining  equations  .325,  3.22  and  3.23  gives 

V*  - »•*  cos* + (v,  sintr,  - gf)1  - i£(sin*  a , ♦ cos*  a, ) - 2v,  sin  a&  ■+  ( gt )* . 


V ■*  - i'*  - 2g<»,|  sinaf/  --1 . i 2s*\  . where  I:q(  3.2 1 1 has  been  used  to  eliminate  i in  favor  of  y.  For  tbc  ease 
of  a rock  thrown  from  the  roof  of  a building  of  height  A.  the  speed  at  tbc  ground  is  found  by  substituting  y - -k 
into  the  above  expression.  yielding  v - . which  is  independent  of  rr„  . 

EVALUATE:  This  result,  as  will  he  seen  in  the  chapter  dealing  with  conservation  of  energy  (Chapter  7),  is  valid 
for  anv  v.  positive,  negative  or  zero,  as  long  as  r*  - 2gy  > 0 . 


IDENTIFY'  and  SET  UP:  Take  -f  r to  h:  upward.  The  rocket  moves  with  projectile  motion,  with  v.  - -t40.0  m‘s 


and  vUj  - 30.0  m s relative  to  the  ground.  The  vertical  motion  of  the  rocket  is  unatTectcd  by  its  horizontal  velocity. 
Execute:  (u)  v -0  (at  maximum  height),  = *40.0  ms,  at  - -9.80  mx\  y-y\,  - ? 

= +2fl  (y- y, ) gives  y - y,  - 8 1 .6  in 

(b)  Both  the  cart  and  tlu:  rocket  have  the  same  constant  hon/omnl  velocity,  so  both  travel  the  same  horizontal 
distaiKc  while  the  rocket  is  in  the  air  and  the  rocket  lands  in  the  cart. 

(c)  Use  the  vertical  motion  of  the  rocket  to  find  the  tin*:  it  is  in  the  air. 
v4f  - 40  m's,  at  - -9.80  m.s\  v,  - -40  m s / - ? 

v *v0  -f  at  gives  / -8.164  s 

Then  r - xv  ^ vj  - <30.0  nvsM8.164  s)  - 245  m 
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.1.69. 


.1.70. 


.1.71. 


SET  UP:  Let  +y  be  downward  and  let  i,  - >„  - 0 . at  - 0,  a,  - +g  . When  the  bagels  reach  the  ground. 

>*  = 43.9  m. 

Execute;  tut  When  she  catches  the  bagels.  Henrietta  has  been  joking  for  9.00  s plus  the  time  for  the  bagefc  to 
fall  43.9  m fn>m  rest.  Get  th:  tun:  to  fall:  y - — gt:  , 43.9  m - — (9M  m s*  )fJ  and  r - 2.99  s . So.  d>c  has  been 
jogging  for  9.00  s ♦ 2.99  s - 12.0  s . Dunng  this  tune  she  has  gooc  x - vt  - (3.05  msX  12.0  x>  - 36.6  m . Bruce 
must  throw  the  bagels  so  they  travel  36.6  in  liori/caitally  in  2.99  s.  This  gives  x - \X  . 36.6  m - v<2.99  s)  and 

v*12.2  m's . 

(b)  36.6  m from  the  building. 

Evaluate:  If  v > 12.2  m s the  bagels  land  m front  of  her  and  if  v < 12.2  m s they  land  behind  Iter  Tt*rc  is  a 
range  of  velocities  greater  thin  12.2  m's  for  which  she  w ould  catch  the  tugcls  in  the  air.  at  some  bright  above  the 
sidewalk. 

I DEMUX : The  shell  moves  in  projectile  motion.  To  find  the  horizontal  distance  between  the  tanks  we  must  fmd 
the  horizontal  velocity  of  erne  tank  relative  to  the  other.  Take  -ty  to  be  upward. 

(a) SET  UP:  The  vertiea!  motion  of  the  shell  is  unaffected  by  the  horizontal  motion  of  the  tank.  Use  the  vertical 
motion  of  the  shell  to  find  tb:  txmr  the  shell  is  in  tbr  air: 

v4i  - va»na  - 43.4  m s.  a = -9.80  m'*1,  v-y,  - 0 (returns  to  initial  height),  i = ? 

Execute:  y - y0  - \\,,i  ♦ r3  gives  t - 8.86  s 

SET  UP:  Consider  the  motion  of  one  tank  relative  to  the  other. 

EXECUTE:  Relative  to  tank  iV  1 the  shell  his  a constant  horizontal  velocity  v.eosa  - 246.2  in  s.  Relative  to  the 
ground  tb:  hceizixvtal  velocity  component  is  246.2  ms  -f  1 5.0  m s - 261.2  m s.  Relative  to  tank  #2  the  shell  bos 
horizontal  velocity  component  261.2  m's -35.0  m's  - 226.2  m 's.  The  distance  between  the  tanks  when  the  shell 
was  fired  is  the  (226.2  msK8.86  s)  - 2000  m that  the  shell  travels  relative  to  tank  62  during  the  8.86  s tbit  the 
shell  is  in  tb:  air. 

<b)  The  tanks  are  initially  2000  m apart.  In  8.86  s lank  *1  travels  133  m and  tank  H2  travels  3 10  nv  in  the  same 
direction.  There  fore,  their  separation  increases  by  310  m - 133  m - 177  m.  So.  the  separation  bvconvs  2180  m 
(rounding  to  3 significant  figures). 

Evaluate:  The  retreating  tank  has  greater  speed  thin  the  approaching  tank,  so  Ibn*  move  fnrtlvT  apart  while  the 
shell  is  in  the  air.  We  can  also  calculate  the  separation  in  pirt  lb)  as  the  relative  sp^  of  tb:  tanks  times  tbc  tinx 
the  shdl  is  in  the  air  (35.0  m s - 1 5.0  m sXS.86  s)  = 1 77  m. 

I DEV  he Y:  Tbc  object  moves  with  constant  acceleration  in  both  the  horizontal  and  vertical  directions. 

SET  Up:  Let  +y  h:  downward  and  let  +x  be  the  direction  in  which  tlu  tirccrarkcr  is  thrown. 


EXECUTE:  The  firecracker’s  falling  time  can  be  found  from  the  vertical  motion:  f = ( — „ 


The  firecracker’s  horizontal  position  at  any  time  / (taking  the  student’s  position  as  .v  - 0 ) is  x = vf  - kai*  . 
r-0  when  cracker  hits  the  ground,  so  / - 2\fa  . Combining  this  with  the  expression  for  the  falhne  time  gives 


EVALUATE:  When  h is  stmllcr.  the  time  in  the  air  rs  smillcr  and  either  v mutf  be  smaller  or  a must  b:  larger. 
IDENTIFY:  Tbc  velocity  r of  the  lank  relative  to  the  ground  is  related  to  the  velocity  v of  the  rocket  relative 


i* 


to  the  ground  and  tbc  velocity  v,  B ot  the  tjnk  relative  to  the  nxkct  by  rJO  - »' 

SET  Up:  Let  +y  be  upward  and  take  y - Oat  the  ground.  Let  +.t  he  in  the  dirccticei  of  tbc  horizontal  componcm 
of  the  tank's  motion.  Once  tb:  tank  is  rekased  it  has  fl,  -0,  a = -9.80  m's*  . relative  to  the  ground. 


EXECUTE:  (u)  For  the  rocket  v.  - v,(  + a,i  - (1.75m  s*  1(22.0  s)  - 38.5  m s and  v - 0 Tbc  rocket  has  speed  38.5 
m's  at  tbc  instant  when  the  fuel  tank  is  released. 

<b)  < it  Tbc  rocket's  path  is  vertical.  >o  relative  to  tbc  crew  member  i*r  - *t25.0  m s an:!  v,  - 0 . (li)  *ytI  is 


vertical  and  v,  k Ls  horizontal,  so  v(6j  - +25.0  m's  and  vlo.t  - +38.5  m's  . 


(c)(i)  Tbc  tank  initiallv  moves  honzontallv.  at  an 


Motion  in  Tw  o or  Throe  Dimensions  3*29 


3.72. 


3.73. 


(<l>  Consid^  th:  motion  of  the  tank,  xn  the  reference  frame  of  the  technician  on  the  ground.  At  the  imtant  tlie  tank 

is  released  tbc  rocket  at  a height  y-y *y(1.7S  mfeJ)(22.0  s>;  - 423.5  m . So,  for  the  tank 

>*„  ■ 423.5  m f »v,  = 3S.5  ms  and  aw  - -9.80  m's* . v,  - Oat  the  maximum  height,  v?  - -f  2a%(y-y0) gives 

v - v — - — S ^ >11  75.6  m . y - 423.5  m + 75.6  m - 499  m . The  tank  reaches  a height  of  499  m 

2a  2(9.80  m's)  6 

above  the  launch  pad. 

EVALUATE:  Relative  to  the  crew  member  in  the  rocket  tlie  jettisoned  tank  has  an  acceleration  of 

1.75  m's3  ♦ 9.80  mfeJ  - 1 1 .5  nVs1  . downward.  Relative  to  the  rocket  the  tank  follows  a parabolic  path.  but  w ith 

zero  initial  vertical  velocity  and  with  a downward  accclcratxm  that  has  magnitude  greater  than  g. 

IDIYUPY:  The  velocity  rkli  of  the  rocket  relative  to  the  ground  is  related  to  the  velocity  \\u  of  the  secondaiy 

rocket  relative  to  tlie  ground  and  the  velocity  i\fc  of  the  secondary  rocket  relative  to  the  nxket  by 

n«i 

SET  L’P:  Let  + y be  upward  and  let  y - Oat  the  ground.  Let  -f  x be  in  th:  direction  of  tbc  horizontal  component 
of  the  secondary  nxket' s motion  After  it  is  launched  the  secondin’  rocket  has  a,  - (land  a . - -9.80  m s’ . relative 
to  the  ground. 

Execute:  UMH  ^ (12.0  7.22  mb  and  ^(12.0  in  s)sin 53.0°  ^9.58  m s . 

( »>  >V*,4  * 0 and  ife*,  - S.S0  m s . v^t  - \\%  4 + \\<tt  - 7.22  m s and  iw,  - - 

938  ms -f  8.50  m-s ■ IS.l  m s . 

'W  IS.l  ms 


» ^-^M^-IWmA.  tanr/  -22L-1 

'it.  r 


22  nvs 


ind  a - 683  . 


|c)  Relative  to  the  ground  the  secondary  rocket  has  y\  - 145  m . vVt  - r IS.l  m s . at  - -9.80  m's*  and  y - 0 fat 

tlie  maximum  height),  y*  - v"  + 2tf.(y-y, ) gives  v - v,  16.7  m . 

2 at  2(-9.80  nv's  ) 

v - 145  rnr  16.7  m - 162  tn . 


>*  -**  -18.1ms 


EVALUATE:  The  *:condarv  nxket  reaches  its  maximum  height  in  tinx  t 


-9.80  ms 


- 1 .85  s after  it 


is  launched  At  this  time  the  primary  rocket  has  bright  145  m + 18.50  m'sKl.85  s)  - 161  m . so  is  at  nearly  the  same 
height  as  the  secondary  rocket.  The  secceidaxy  rocket  first  moves  upward  from  the  pnmuv  rocket  but  then  loses 
vertical  velocity  due  to  the  acceleration  of  gravity. 

iDEvnjv:  Tlie  original  firecracker  moves  as  a projcctiV:.  At  its  maximum  bright  ifs  velocity  is  horizontal.  Thr 
velocity  PAt,  of  fragnxnt  A relative  to  the  ground  is  related  to  the  velocity  r4 ,,  of  the  onginal  firecracker  relative  to 
tlie  ground  and  thr  velocity  rs%  of  the  fragment  relative  to  thr  original  firecracker  by  vA<l  • »\f  4-  \\Kt . Fragment 
B obeys  a similar  cquition. 

SET  L’P:  Let  -f  x be  along  tlie  direction  of  thr  horizontal  motion  of  the  tirecrarker  before  it  cxplixics  and  let  -ty 
be  upward.  Fragment  .1  moves  at  53.0°  above  the  direction  and  fragment  B moves  at  53. 0&  below  the  rx 
direction.  Before  it  explodes  the  firecracker  has  - Oand  u.  - -9.80  m's’ 

Execute:  Tlie  horizontal  cocnponcsit  of  the  firecracker's  velocity  relative  to  the  ground  is  constant  I since 
a,  = 0 ).  so  ifo.  - 125.0  m s |cos30.0:  - 21.65  m s . At  the  time  of  the  explosion.  *0  . For  fragment  As 

v, ...  ^ (20.0  nVs(cos53.(r  = 12.0  ms  and  v*  , . - (20.0  m s)smS3.0°  - 160  m's . 


SI. 


-f  vgK„  = 12.0  m s -f  21.65  nv’s  - 33.7  m's . vAi>  - \\l  f -f  vWl  - 16.0  ms 


tana., 1 — — — - ttt: and  rz,i  - 25.4°  . The  calculation  foe  fragnxnt  B is  the  same,  except  i\4  > - - 16.0  m s . 


w« 


33.7  ms 


Tlie  fragnxnts  move  at  25.4°  above  and  25.4°  brhyw  tbc  horizontal. 

EVALUATE:  As  the  initial  vckicity  of  the  firecracker  increases  the  angle  with  the  horizontal  for  the  fragments,  as 
measured  from  the  ground,  decreases. 

iDEVtlFY:  The  grenade  moves  in  proycclilc  motion.  1 10  kmh  - 30.6  m s . The  horizontal  range  R of  the  grenade 
must  he  15.8  in  plus  the  distance  ci  thit  the  enemy’s  ear  trjvcls  while  the  grenad:  is  in  the  air. 


3.74. 
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SKI  Up:  For  the  grenade  take  -tv  upward,  so  a,  - 0.  at  - -g  . Let  v0  be  the  magnitude  of  the  \elocity  of  the 
grenad:  relative  lo  tlic  hero.  v«t  - v„  cox 45° i’,. sin 45°.  90  kmh  - 25  m s ; The  enemy’s  car  is  traveling 
away  from  tlx  hero's  car  with  a relative  velocity  of  \\A  - 30.6  m's  - 25  nv's  - 5.6  m s . 

Execute:  j-jl-V+W  »»  y-ytmQ  *■  ,— £k-35±£.  *-» 


it  - J - «,(eo.45* If  - 1 . K * d ♦ 15  8 m gin  ,ha.  1 - £ik,,  + 15.8  m . 

1?  £ £ £ 

“ (1 5.8  m)g  - 0 . v£  - 7.92V  , - 1 54.8  - 0 . The  quadrate  formula  gives  v,  - 1 7.0  m’s  - 6 1 .2  km h . The 
grenad:  has  velocity  of  magnitude  61.2  km  h relative  to  the  hero.  Relative  to  the  hero  the  velocity  of  the  grenade 
has  components  r#j  - rt  cos 45*  - 43.3  kmh  and  »*,  - »’^sin45°  - 43.3  kmh  . Relative  to  the  earth  the  velocity  of 
the  grenade  has  components  v4j  - 43.3  km  h +90  km  h - 133.3  km  h and  v|#  - 43.3  km  h . Tlx  magnitude  of  tlx 
velocity  relative  to  the  earth  is  vw  - + - 140  km  h . 

Evaluate:  The  time  the  grenade  is  in  the  air  is  / 1 J 1 2.45  s . During  this  tinx 

* >:  9.80  ms*  6 

the  grenade  travels  a horizontal  distance  x - x,  - (133.3  kmh))2.45  sKl  h/3600  s)  - 90.7  m . relative  to  the  earth. 

uxl  the  enemy's  car  travels  a horizontal  distance  x-  x,  -U  10  kmhX2.45  sill  h.’3600  s»-  74.9  m . relative  to  the 

earth.  Tlx  grenad:  has  traveled  15.8  m farther. 

IDENTIFY  and  SET  UP:  Use  Eqs.  <3.4 1 and  (3.12)  to  get  the  velocity  and  acceleration  components  from  the 
position  components. 

Execute:  x-Acosa*,  y-  ft  an  a* 

(a)  r - <jx:  + y3  - Jr1  cosj  cot  + A*  sin*  mf  - ^A‘(sin'*  ax  + cm1  frt)  - - A. 

since  sin'  tX  + cos'  aX  - I . 

(b)  V4  — - — -Anisin  <ur.  v Raj  court 

dt  dt 

»*•/'  - vx  + v y = (- R an'in frt)(R court)  + ( Amcos  *x  )|  Asin  <ur ) 
v r - A‘n4-sinn*cc«ftif  ♦ sinnifcosiuf ) - 0.  so  v is  perpendicular  to  r 

|c)  a k 1 - -Rev'  cos  fos  - -<a  x 

dt 


- -Rm1  sin  <cl  - -cj: 


a - + 17‘  - yjcvx’  + aj\v’  - to*  ^x*  + v3  - Rms. 

a - a.i  *a,j-  -e>\a  » yj)  - -a‘r. 

Since  <v'  is  positive  this  nxans  that  the  direction  of  a is  opposite  to  the  direction  of  r 
«l>  v^jj  + vj  ^jRWxin’ajt  + RWm-'irt-jRWlsm-M-tm-trt).  y-JrW  - Rm. 

(c)  a - Am*.  to - vf  A.  so  a - R(v*  / A* ) = vs / A. 

EVALUATE:  The  rock  moves  in  uniform  circular  motion.  Tlx  position  vector  is  radial,  the  velocity  is  tangential, 
ind  tlx  acceleration  is  radially  inward. 

Identify:  All  velocities  arc  constant,  so  tlx  distaixe  traveled  is  d - vMf  f where  iu,  is  the  magnitude  of  the 
velocity  of  the  boat  relative  to  the  earth.  The  relative  velocities  i;wl  . vxu  (boat  relative  to  the  water) 
uxl  w (water  relative  to  the  earth)  are  related  by  »‘At  ~ »’A.A  ♦ \\  , . 

SKI  Up:  Let  +x  be  cast  and  let  +r  be  north.  Ut  = +30.0  m min  and  vv  % - 0 . vhw  - 100.0  m min  . The 

direction  of  »*uv  is  the  dirccticvi  in  which  the  boat  is  pointed  or  aimed 

Execute:  (u)  vm ^ - +100.0  mmin  and  vhW^  - 0 . vht  # - = 30.0  m nun  and 

V- V0  400.0  m 


vh4 , - + v^  - 100.0  m mm  . Tlx  time  to  cross  the  river  is  / - 


100.0  m min 


- 4.00  min . 
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x - x,  - (30.0  in  mintf4.ro  mini  - 120.0  m . You  will  land  120.0  m cast  of  point  D.  which  is  45.0  m east  of 
pornt  C The  distance  you  will  have  trawled  it  ^(400.0  m)*%  + (120.0  mlJ  - 418  m . 

(H)  »*uv  it  directed  at  angle  ^east  ot* north,  where  tanrf  — - — — and  p-  10.6'  . 

vh*.4  - (100.0  m min  ism  10.6°  - 1S.4  m min  and  vfcW^  -(100.0  in  min  lens  10.6°  - 98.3  mmin 

vk»  . - vu%  . * lV»*.  - 18.4  m’min  + 30.0  nvinin  - 4S.4  m min  . yw.  - ifc% . +i'^,  -983  m nun  . 


♦00. 


- 4.07  min  . x-x  = (48.4  in  min)<4.07  nun)  - 197  m . You  will  land  197  in  downstream 


vu%r,  98.3  m min 
from  #.  to  1 22  m downttream  from  C. 

(cl  <n  If  you  rca:h  point  C,  then  rkl  it  directed  at  10.6°  cat*  of  north,  which  is  79.4'  north  of  cast.  We  dan't  know 
the  magnitude  of  rai  and  the  direction  of  ruv  In  part  (a|  we  found  that  if  we  aim  the  boat  due  north  we  will  land 
cast  of  C.  so  lo  land  at  C we  must  aim  the  boat  west  of  north.  Let  rkW  be  at  an  angle  p of  north  of  west.  The 

stnfl  »n79.4° 


relative  velocity  addition  diagram  k sketched  in  rieure  3..'t>.  Tlie  law  of  sines  savs 


lV  » 


win  0 - ,I1  ,n  m>r‘  ; sin  79.4°  and  0-17.1  S°  . Then  p - I *0°  - 79.4°  - 1 7 1 5°  - 83.5* . The  boat  will  head 


1 100.0  m min 

83.5°  north  of  west,  so  6.5;  west  of  north 
v„4.  -”<100.0  m mm > cos 83.5° r 30.0  m min  - 18.7  mmin  . 

v’n,  - ♦ v* % ^ - -(100.0  m‘min)sin83.5*  - 99.4  m min  . Note  that  these  two  continents  do  give  the 

direction  of  rak  to  be  79.4^  nceth  of  east,  as  required,  lii)  The  tmx  to  cross  the  nver  rs 

r - 2-Iil  - . 400.0  m _ 4 (Q  min . <iii>  You  travel  from  A to  C.  a distance  of  M 400.0  m)‘  -f  (75.0  ml*  - 407  m 
vfk*r,  99.4  mmin 

(iv)  vhJ  - ,tY  ♦ (vfc4. ) - 101  m min  . Note  that  vfc<r  - 406  m . the  distance  traveled  (apart  from  a smill 
difTervnee  due  to  rounding). 

EVAlilATf:  You  cross  the  river  in  the  shortest  time  when  you  bead  toward  point  B.  as  in  part  (a),  even  though 
you  travel  farther  than  in  part  (c). 


iDivim : va  - dxldi . v,  - dyldt . ak  - dvt »' dt  and  a,  - d\\  'di . 

SET  IP:  and  - -*,*,«<»> . 

di  d/ 

Execute:  (u)  The  path  is  sketched  in  Figure  3.77. 

<b)  To  find  the  velocity  components,  take  the  derivative  of  x and  v with  respect  to  time:  vt  - /|a><  1 - cos cji),  and 
v,  - /town  toi.  To  fire!  the  acceleration  components,  take  the  derivative  of  \\  and  v.  with  respect  to  time: 
a,  - R/:y  unfit,  and  af  - Rtu’  cosiur. 

(c)Tlie  particle  is  at  rest  - i(  - 0)  every  period,  namely  at  / -0.  Iz/tu.  AxUv At  that  time. 

x - 0.  2 xR.  4zR..."  and  y - 0.  The  accclcralKin  is  a - Rco'  in  the  +)  • direction. 
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(d)  No.  since  a - | Rea1  sin  nif  -f  j/?A>*COSft»f|- 


Rev'.  The  magnitude  of  the  acceleration  k the  sanx  as  for 


uniform  circular  motion. 

Evaluate:  The  velocity  is  tangent  to  the  path.  r(  is  always  positive;  vp  changes  sign  during  the  motion. 

v 


iDEMITY:  At  the  highest  point  in  the  trajectory  the  velocity  of  the  projectile  relative  to  the  earth  is  hon/ontal 
The  velocity  lM  of  the  projectile  relative  to  the  earth,  the  velocity  $t  f of  a fragment  relative  to  the  projectile,  and 
the  velocity  vx  x of  a fragment  relative  to  the  earth  arc  related  by  P,  x - x.  ♦ »*M  . 

Set  UP:  Let  +x  he  along  tlic  hon/ontal  component  of  the  projectile  motion.  Let  the  speed  of  each  fragment 
relative  to  the  projoclile  be  ».  Call  the  fragments  1 and  2.  where  fragment  1 travels  in  the  direction  and 
fragnxnt  2 rs  in  the  -.redirection . arxl  let  the  speeds  just  after  the  explosion  of  ih:  two  fragments  relative  to  the 
earth  he  v,  and  i\  . Let  fcc  tlx  speed  of  tlx  projectile  just  before  the  explosion. 

Execute:  \\.t . - + v^4  gives  v,  - »y  -t  i and  -v\  - i'p  - v . Both  fragments  start  from  the  same  bright  with 

zero  vertical  component  of  velocity  relative  to  the  earth,  so  they  both  fall  for  the  sanx  time  /.  and  this  is  also  tlx 
same  tinx  as  it  took  fee  the  projectile  to  travel  a horizontal  distance  £).  so  vf  - D . Smcc  fragment  2 lands  at  A it 
travels  a horizontal  distance  D as  it  falls  and  \ .j  s D . -va  - +vp  - v gives  v - vp  ♦ »\  and  »•/  - v/  -f  v l - 2D . Then 
vf  — vft  -f  vf  - 30  . This  fragment  lands  a horizontal  distance  30  from  tlx  point  of  explosion  and  lienee  40  from  A. 
EVALUATE:  Fragment  1.  that  is  ejected  in  the  direction  of  the  motion  of  the  projectile  travels  with  greater  speed 
relative  to  the  earth  than  tlx  fragment  that  travels  in  the  opposite  direction 


IDENTITY:  — r 

R 7** 


All  points  cm  the  centrifuge  have  the  some  period  T. 


SET  UP:  The  period  T in  seconds  is  related  lo  n,  the  Dumber  of  revolutions  per  minute,  bv  n — 


&0  s nun 


Execute:  (a)  — - iiL . which  it  constant.  _ - — Let  - 5.00?  and  let  R - R ’2. 

R r R R 


"i 


ib>  r- 


60  s min 


It  'R 

T7" 


luvcs  a. 


- te'JKit*  '(60  h min>:  . 


It  :R 


Let  a - 5.00ij  . so  /?.  - ji  and  a f - Sg 


(60  s.'min|J 
- 5(0.378)* . Tlxn 


which  is  constant. 


"l-"! 


n 0.615,,. 


, 5.00g 

EVALUATE:  The  nidial  acceleration  is  less  for  points  closer  to  the  rotation  axis.  Since  g1r  < g . a simllcr 
rotation  rate  is  required  to  produce  than  to  produce  Sg . 

IDENTITY:  Use  the  relation  that  relates  the  relative  velocities. 

SET  Up:  The  relative  velocities  arc  the  raindrop  relative  to  the  earth.  »*  . the  raindrop  relative  to  the  train,  v ^ 


jtk!  the  train  relative  to  the  earth.  I 


1 1 


+ » . P.  is  due  cast  and  has  magnitude  12.0  ms.  v is 


30.0*  west  of  vertical.  »'14  is  vertical.  The  relative  velocity  addition  diagram  is  given  in  Figure  3.80. 

EXECUTE:  (u)  is  vertical  and  has  zero  horizontal  component.  Tlx  hon/ontal  component  of  vt  . is  -»*,  k . so 

is  1 2 .0  m s westw  ard. 


M vLI  - 


1 1 


12.0  ms 


tan  30.0  tamMhO 


- 20.8  m's  . iv,  i 


i » 


12.0  ms 


24.0  m s . 


sir  30.0  hh30.0* 
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Evaluate:  The  speed  of  the  raindavp  relative  to  the  train  is  greater  than  its  speed  relative  to  the  earth,  because 
of  the  motion  of  the  train. 


Figure  3.80 

I DEN  tin:  Relative  velocity  problem.  The  plane’s  motion  relative  to  th:  earth  is  determined  by  its  velocity 
relative  to  the  earth. 

SET  LtP:  Select  a coordinate  system  where  +j'  is  north  and  is  east. 

The  velocity  vectors  in  the  problem  are: 

r^,  the  velocity  of  th:  plane  relative  to  the  earth. 

the  velocity  of  the  plinc  relative  to  the  air  (the  magnitude  vrA  is  the  air  speed  of  the  plan:  and  th:  direction 
of  vf  A rs  the  compass  course  set  by  the  pilot}. 

»\i » the  veloritv  of  th:  air  relative  to  the  earth  ithe  w ind  velocity). 

The  rule  for  combining  relative  velocities  give*  - i:IA  4 vKl. 

(a)  We  arc  given  the  following  information  about  th:  relative  velocities: 

iyA  has  magnitude  220  kmh  and  its  direction  is  west.  In  our  coordinates  is  lias  components  (iyA)(  - -220  kmh 
and  (vrJ,»0. 

From  the  displaeenxnt  of  the  plane  relative  to  the  earth  after  0.500  h.  we  find  that  »•*  % lias  components  in  our 
coordinate  system  of 

,v»«)* = ■ -24°  knvh 


,4m  1 * "oUtoir"  kmh  ('owh> 

With  this  informition  the  diagram  corresponding  to  the  velocity  addition  equation  is  shown  m Figure  3.Sla. 


We  are  asked  to  find  i*v4t  so  solve  for  thts  vector 

*Vs  " Saw  4 **%.  S'v«  ~ 

Execute:  TTic  .T*component  of  this  equation  give* 

Cv«). -(•>,). — 240 kmh -1-220  km h|, -20  kmh 
The  r compiocnt  of  thrs  equation  gives 
<»'*»>,  “(»».>,  — <»V*>,  ^ “40  km  h. 
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Now  that  wc  have  the  components  of  i0  we  con  find  its  magnitude  and  dirccticai. 

v„f  - yjl-20  kmh)'  -(-ID  ImTil'  =44.7  kmh 

inn <*  - J0  kmh  . 2.00;  * = 63.4' 

20  km  h 

The  direction  of  the  wind  velocity  is  63.4=  S of  W,  or 
26.6°  W of  S. 

EVALUATE:  The  plane  heads  west.  It  goes  farther  west  than  it  would  without  wind  and  also  travels  south,  so  the 
wind  velixity  has  components  west  arxl  south. 

<b>SEI  UP:  The  rule  for  combamng  th:  relative  velocities  is  still  + \\Kg,  but  some  of  tliese  velocities 

have  different  values  than  in  part  (a). 

has  magnitude  220  km  h hut  its  direction  is  to  he  found. 

»*A|  has  magnitude  40  kmh  aixl  its  direction  is  due  south. 

The  direction  of  is  west:  its  magnitud;  is  not  given. 

The  vector  diagram  for  vrt  - i1,  A 4 vKX  and  the  specified  directions  for  the  vectors  is  shown  in  figure  3.8 1 c. 

vffr 


L- 

Figure  3.81c 


The  vector  addition  diagram  forms  a right  tnangle. 

Execute:  sind-iii-- . <U:nn  -o.ms;  4 = 10.5°. 

220  kmh 

The  pilot  should  set  her  course  10.5°  north  of  west. 

EVALUATE:  The  velocity  of  tlie  plane  relative  to  the  air  must  have  a northward  component  to  counteract  the  wind 
and  a westward  component  in  order  to  travel  west. 

iDLMih:  Both  the  bolt  and  the  elevator  move  vertically  with  constant  acceleration. 

SET  UP:  Let  be  upward  and  let  y - 0 at  the  initial  position  of  the  lloor  of  the  elevator,  so  y,  for  the  bolt  is 
3.01  m. 

Execute:  (u)  The  position  of  the  bolt  is  3.00  m -<2.50  m's)*  -(1 '2K9.K0  m's 3y*  arid  the  position  of  the  floor 
is  (2.50  m s)r.  liquating  the  two.  3.00  in  = (4.90  m's3  V3 . Therefore,  / - 0.7S2  s . 

<b)  The  velocity  of  the  bolt  is  2.50  m's  -(9.80  m’s*  X0.7S2  s)  = -5.17  m s relative  to  Earth,  therefore,  relative  to 
an  observer  in  the  elev  ator  v - -5. 17  m s - 2.50  m s - -7.67  m s. 


(c)  As  calculated  in  part  (hi.  the  speed  relative  to  liarth  is  5.17  m s. 

<d>  Relative  to  Earth,  the  distance  the  bolt  traveled  is 

(2.50  mf%)t -<1/2X9.80  m,'*V  ^(2.50  mfc((0.782  s)-<4.90  m's3)(0.7X2  s)3  =-1.04  m . 

EVALUATE:  As  viewed  by  an  observer  in  the  elevator,  the  bolt  has  i;  - 0 and  o - -9.S0  mV  . so  in  0.7S2  s it 
falls  -a(9.80  m s3  *0.782  *)*  =.  -3.00  m . 

IDEs  I1PY:  In  an  earth  frame  the  elevator  accelerates  upward  at  4.00  m’s*  and  the  holt  accelerates  downward  at 
MO  m s3 . Relative  to  the  elevator  the  bolt  has  a downward  acceleration  of  4.l»  m's3  + 9.S0  mV’  - 13.80  m's3 . In 
cither  franx.  that  of  the  earth  or  that  of  the  elevator,  the  bolt  has  constant  acceleration  and  th:  constant  acceleration 
equations  con  be  used. 

SET  UP:  Let  -f  v be  upward.  The  bolt  travels  3.00  in  downward  relative  to  the  eVnator. 

Execute:  (u)  In  the  frame  of  the  elevator.  vitt  = 0 . y - vv  = —3.00  m , a = -1 3.S  ms3 . 


+ ivrs  . 


O’-**.' 


-0.659s 

V -13.8  ms’ 
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<H>  v,  - vu  + a.i  . y0p  - Oand  f - 0.659  s . <il  a,  - -13.8  m s*  and  \\  - -9.09  nVs  . The  bolt  has  speed  9.09  m s 
when  it  reaches  the  fluar  of  the  elevator.  < it)  a . - -9.80  m s'  and  i*  = -6.46  m s . In  this  fran>:  th:  holt  has  speed 


6.46  ms  when  it  reaches  the  floor  of  the  elevator. 

(c>  y-y\  + v4t  - Oand  r- 0.659  s.(i>  a,  - -13.8  mAr  and 

y - y,  - 7<-l3.8  m s*  X0.659  s):  - ”3.00  m . The  bolt  falls  3.00  m.  which  is  correctly  the  distance  between  the 
floor  and  roof  of  the  elevator,  (ii)  tf  - -9.80  m s*  and  y-y\  -4(-9.80  m‘s*)(  0.659  s)J  - -2.13  m The  bolt  falls 


2.13  m. 

Evaluate:  In  the  earth's  frame  the  bolt  falls  2. 13  m and  the  elevator  rises 

4(4.X  m s*  X0.659  s)*%  - 0.87  in  during  the  time  that  the  bolt  travels  from  the  ceiling  to  the  floor  of  the  elevator. 

I DEN  nn:  TTic  velocity  rM  of  the  plan:  relative  to  the  earth  is  related  to  the  velocity  iyA  of  the  plane  relative  to 
the  air  atul  the  velocity  i\w  of  the  air  relative  to  the  earth  (the  wind  velocity)  by  v/x  ™ vPA  4*  »;v, . 


SET  UP:  Let  +x  be  to  the  east  With  no  wind  - vrl 


5550  km 
6.60  h 


-840.9  km  h.  v 


Mi 


*225  knvh . TTic 


distance  between  A and  B is  2775  km. 

Execute:  ly,..  - »y  v,  ♦ vK%.t . For  the  tnp  A to  B%  iy^4  = *840.9  km  h and 


vM  =840.9  kmh  + 225  knvh  - 1065.9  km  hand  the  travel  time  is  r 


2775  km 
1065.9  kmh 


- 2.60  h . For  the  trip  B to 


A.  vr  - -840.9  km  h and  - -810.9  km  h + 225  km  h - -615.9  knvh  and  the  travel  time  k 
-2775  km 


'ai- 


4.51  h . The  total  time  for  the  round  trip  will  be  / - ra  -f  - 7.1 1 h 


-615.9  km  h 

EVALUATE:  The  round  tnp  takes  longer  when  the  wind  blow*,  even  though  the  plane  travels  with  the  w ind  fi* 

, ^ ...  , r (l  . 1065.9  kmh  *615.9  km  h 

one  leg  ot  the  trip.  The  arithmetic  average  ot  the  speeds  tor  each  leg  is  - 840.9  km  h . 

the  same  speed  w hen  there  is  no  wind.  Hut  the  plane  spends  more  time  traveling  at  the  slower  speed  relative  to  the 
ground  and  th:  average  speed  is  less  than  the  arithmetic  average  of  the  speeds  for  each  half  of  the  trip. 

I DEN  iitn  : Relative  velocity  problem. 

SET  L’P:  The  three  relative  velocities  are: 

Juan  relative  to  th:  ground.  This  velocity  is  due  north  and  has  magnitude  »kl  - 8.00  m s. 

. the  ball  relative  to  the  wound.  This  vector  is  37.0°  east  of  north  and  has  magnitude  vh  - 12.00  m s. 


f*UI.  the  ball  relative  to  Juan.  We  arc  asked  to  find  the  magnitude  and  direction  of  this  vector. 

The  relative  velocity  addition  equation  is  • rul  + rlt(,  so  r„,  • rUu  -ri6. 

The  relative  velocity  addition  diagram  dacs  nor  form  a right  triangle  so  we  must  do  the  vector  addition  using 
components. 

Take  +y  to  be  north  and  +*  to  be  cast. 


Execute:  vu  % - +vft|J  sin  37.0°  = 7.222  m s 
vfcJ/  - +IIC  cost 370°-  Va.  =1.584  m s 

Tliesc  two  campocxnts  give  vfcJ  = 7.39  m s at  12.4°  north  of  east. 

EVALUATE:  Since  Juan  is  running  due  north,  the  ball’s  eastward  component  of  velocity  relative  to  him  is  the 
same  as  its  eastward  component  relative  to  th:  earth.  Th:  northward  component  of  velocity  for  Juan  and  the  ball 
arc  in  the  same  direction,  so  the  component  fee  the  hall  relative  to  Juan  is  the  difference  in  their  components  of 
velocity  relative  to  the  ground. 

iDEMitN : la)  The  ball  moves  m projectile  motion.  When  it  is  moving  horizontally,  v =0. 

SET  UP:  Let  +x  be  to  the  right  and  let  +y  be  upward.  ut  = 0.  a%  - -g  . 

Execute:  (u>  v,  - - J2|9.K0  mVK4.9o  m)  - 9.80  m*. 

ib>  v„/g ,1.00s. 

(c)  The  horizontal  component  of  the  velocity  of  the  boll  relative  to  the  man  is 

JflO.8  roll*  -(9.80  in's)1  - 4.54  m*  . th:  horizontal  component  of  th:  velocity  relative  to  the  hoop  is 
4.54  m's  + 9 10  m's  = 13.6  m's  . and  the  nun  must  be  13.6  m in  front  of  the  hoop  at  release. 
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(<l ) Relative  to  the  fiat  car  the  ball  is  projected  at  an  oniric  0 - tan  1 


9.80  ms 
4.54  ms 


- b5c.  Relative  to  the  ground  the 


mule  is  0 - tan  1 


9.80  m s 


-35.7 


4.54  mst9.IQm<s 

Evaluate:  In  both  frames  of  reference  tlie  ball  moves  in  a parabolic  path  with  at  - Oand  ax  - . The  only 

difference  between  the  Ascription  of  the  motion  in  the  two  frarres  is  the  horizontal  compare  nt  of  the  bull's 
velocity. 

iDIMIfV : Tlie  pollets  move  in  projectile  motion.  The  vertical  motion  determines  their  time  in  the  air. 

S»:r  UP:  iv  - v.  cos  1 .0° . p.  - \ sin  1 .0° . 


2»„« 


B 


Execute:  (u)  f - - x-r(  = Vlt/ gives  X - xkl  = <v0cos  1 . 

(b)  Tlie  probability  is  1000  times  the  ratio  of  the  area  of  the  lop  of  the  pcrsceTs  head  to  the 


of  the  circle  m 


which  the  pellets  land.  (1000) 


,7<10xl0  J m)a 


-1.6x|0 


.r(80  mi- 
le | The  slower  me  will  tend  to  reduce  the  time  in  the  air  and  lienee  reduce  tlie  radius.  Tlie  slower  horizontal 
velocity  will  abo  reduce  tlie  radius.  The  lower  spvcd  w ould  tend  to  increase  the  lure  of  descent,  hrnce  increasing 
tlie  radius.  As  the  bullets  fall,  the  friction  ctTect  is  smaller  than  whm  they  were  rising,  and  the  overall  effect  is  to 
decrease  the  radius. 

EVALUATE:  The  small  angle  of  deviation  from  tlie  vertical  still  causes  the  prllcts  to  spread  over  a large  area 
because  thrir  time  in  the  air  is  large. 

I DEN  Ilf\:  Write  an  expression  for  the  square  of  the  distance  (D‘ ) from  tlie  origin  to  the  particle,  expressed  as  a 

function  of  lure.  Thai  take  the  derivative  of  D'  with  respect  to  f.  and  solve  for  the  value  of  f when  this  derivative 
is  zero.  If  the  discriminant  is  zero  or  negative,  the  distance  D will  never  decrease. 

SET  UP:  />*  - x4  + y1  % with  .vfrland  ></)  given  by  EqM3.20l  and  (3.21). 

Execute:  Following  this  process.  san  1 - 70.5°. 

EVALUATE:  We  know  that  if  tbr  object  is  thrown  straight  up  it  moves  away  from  P and  thm  returns,  so  wc  arc 
not  surprised  that  the  projectile  angle  must  be  less  than  son*:  maximum  value  for  the  distance  to  alwa>s  increase 
with  time. 

lOLVIUV:  Tlie  baseball  moves  m projectile  motion. 

SET  UP:  Use  coordinates  where  the  x*axis  is  horizontal  and  the  r* axis  is  vertical. 

Execute:  (u)  Tlie  trajectory  of  the  projectile  is  given  by  Eq.  (3.27),  with  a%  - 0 + if.  and  the  equation  describing 
tlie  inelire  is  r-  vt anf/.  Setting  these  equal  and  factceing  out  tlie  x - 0 root  (where  the  projectile  is  on  the 
inelire)  gives  a value  for  x..:  the  range  treasured  alone  the  inelire  is 


xfca&O  - 


T 


lanltf  »*»)- 


[0+9) 


(h)  Of  the  many  ways  to  approach  this  problem,  a convenient  way  is  to  use  the  same  sort  of  substitution.  involv  ing 
doubV:  angles,  as  was  used  to  derive  the  expression  for  the  range  along  a horizontal  incline.  Specifically,  write  the 
above  in  terms  of  a -fl  » 


R - 


H 


i» 


ina  mi  i - 


- cos' 


asm 


The  dependence  on  a and  lienee  f is  in  tlie  second  term.  Using  the  identities 
sinr/cosa  - (l.'2)sin2rz  and  cos* a = (1  •'  2 (1 + cos  2/z).  this  term  becomes 

Il/2i[cos0sin2a  - %mOco%la  - *n01  = (l/2)(sin<2a -0)  - sin#] . 


This  will  be  a maximum  whoi  sinl  2zr  - 0 ) is  a maximum,  at  2r/  - 0 - 2p  ■+  0 - 90®  or  <p  - 45-  - 0/2. 
Evaluate:  Note  that  the  result  redrees  to  the  expected  forms  when  0-0  (a  flat  inelire.  <p - 45*  and  when 
0 - -90°  (a  vertical  dirt'),  when  a horizontal  launch  gives  the  greatest  distance). 

3.90.  iDf.viltY:  The  a now  moves  in  projectile  rreitxm. 

SET  UP:  Use  coordinates  thit  for  which  the  axes  are  horizontal  and  vcrreal.  Let  0bc  the  angle  of  the  slope  and 
let  6 he  the  angle  of  projection  relative  to  the  sloping  ground. 


Execute:  The  horizontal  distance  x in  terms  of  th:  angles  is 


3.91. 


3.92. 


Motion  in  Tw  o or  Throe  Dimensions  3*3? 


Bn0 - lan(0*t  4)- 


Donotc  the  dimensionless  quantity  £ x •'  2\t  by  fi:  in  this 


;u: . 


a <9.MmV)160-0w)co«30.y  ; ()  ^ 

2(32.0  in'*)’ 

The  above  relation  can  then  he  written,  ixi  multiplying  both  sid»  by  the  product  cm^c<b(^A 

ficosO 


*in  OcoUO  -t  4)  - sm</7  + 4)co%0  - 


ca40+d) 


fi  cos# 

and  so  sin(0^)cos0  -cos(0-t  4)sin0-  — The  term  on  the  le ft  is  xin«0r  sin^.  so  the  result 

CO 9(0 + f) 

of  this  combination  is  sm^cos^#  *•  $)  - ffco&O. 

Although  this  can  be  dane  numerically  (by  iteration.  trul- and  error.  or  other  methods  I.  the  expansion 
sin a cosh  -4<sin|  v -t  6>  + sin<4i  - b ))  allows  the  angle  0 to  be  isolated;  specifically,  then 

-1-t  sinl  2^  • 0)  sinl -(f))  - fi cos//.  with  the  net  result  that  sinl  2^  *•  0)  - 2fico*0  -t  sin  0. 

£ 

(a)  For  0 - 30*.  and  fi  as  found  above.  ^ - 19.3°  and  the  angle  above  the  horizontal  is  0 + 0 - 49.3°.  For  level 
ground,  using  fi  - 0.2871.  gives  p-  17.5*. 

(b)  For  0 - -30°.  the  same  fi  as  with  //-30:  may  be  used  <cos30:  - 00*1-30’)).  giving  ^ — 13.0-  and 
<$  + 0 = - 1 7.0°. 


EVALUATE:  For  0 - Othe  result  becomes  sir*  2^1  - 2 fi  - gxtvf, . This  is  equivalent  to  the  expression 
t**sin(2a  ) 

R — — derived  in  I:.xan»le  3.S. 


IDI.N  nr\:  Find  A**  and  use  this  to  calculate  the  magnitude  and  direction  of  the  average  acceleration. 

SET  UP:  In  a time  A/,  the  velocity  vector  has  moved  through  an  angle  (in  radians!  A^  - 1^-  (see  Figure  3.2S  in 

R 

the  textbookX  Ily  considering  the  isosceles  triangle  formed  by  the  two  velocity  vectors,  the  magnitude  |Avj  is  seen 
lobe  2vrin<di,2). 


, , |Ail  y \ vAr  I 10  ms 
hXEClTL:  b l-J — l .. — sin  si 


b , I-  1 — l - 2— sin  — I - : sin  111  .0  slAt  i 

r 1 A/  M 2R  At  ‘ 


Using  the  uiven  values  gives  magnitudes  of  9.59  in  s*.9.9K  m's*  and  10.0  ms*.  The  changes  m direction  of  the 


velocity  vectors  arc  gjvcn  by  A 0 ~ and  are.  respectively.  1.0  rad.  0.2  rad.  and  0.1  rad  Tlxreforc.  the  angle  of 

R 

the  avcrauc  acceleration  vector  with  the  original  velocity  vector  is  — — - x/2  -t  1/2  radtor  1 1K.6: 1. 


r/2  + 0.1  r*d(or  95.T3).  and  x 1 2 * 0.05  radtor  92.9’ ). 


Evaluate:  He  instantaneous  acceleration  magnitude.  »**/ R - <5.1X1  m’sl3 /(2.S0  m)-l(L0  m s*  is  indeed 
appeoarhed  in  the  limit  at  A/  ->0.  Also,  the  direction  of  ar  appnxichrs  the  radially  inward  direction  as  Ai  — * 0 . 
IDEM  if  a : The  rocket  has  two  periods  of  constant  acceleration  motion. 

SET  Up:  Let  +y  be  upward.  During  the  free-fall  phase.  - 0 and  at  - -g  . After  the  engines  turn  on. 


a,  = (3.00g)cos30.04  and  a,  - (3.00# ) sin 30.0°  . Let  / be  the  total  time  sinre  the  rocket  was  (tapped  and  let  7*  be 
the  time  the  rocket  falls  before  the  cngiix  starts. 

Execute:  (i)  The  diagram  is  given  in  Figure  3.92a. 

(ii)  The . imposition  of  the  plane  is  (236  m'sy  and  the  * -position  of  the  rocket  is 


(236  m s)f  +{1/2H3  OOK9.KO  in  s’ >cos3(X5tr  - Ty.  The  graphs  of  these  two  equations  are  sketched  in  Figure 
3.92b. 
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(iii)  If  w lake  y - 0 to  be  Ihc  altitud:  of  the  airliner,  then 

></)  - -1/ 2gT*  -gTV  - n-f  1/2(3  (0X9.80  nv’s*'  Msin30:Kf  - Ty  for  the  rocket.  The  airliner  has  constant  y.  Tlx 
graphs  an:  sketched  in  Figure  3.92b. 

In  each  of  the  Figures  3.92a*c\  the  rocket  is  dropped  at  f - 0 and  the  time  T when  the  mote*  is  turned  on  is 
indicated. 

By  setting  y - 0 for  the  rocket,  we  can  solve  for  t in  terms  of  7*: 

0 ^ -(4.90  nVs*  )7*  - (9.80  ms*'  )T(t -T)  + (7.35  mV  Hr  - Ty . Using  the  quadrat*  formula  foe  the 


_ , (9.80  mV  )T  + J(9.80  nVs;TV  + (4«7.35  nvs*  X4.9 )T2 

variable x-l-Twc  find  x-t-T- or  < - 2.72  T.  Now. 

2(7.35  mV) 

uung  the  condition  that  x, M - 1000  m.  we  find  <236  mfe)f  + (12.7  m.*J  )(f  - T)1  - (236  nvs)r  - 1IXK)  m.  or 

(1.727)*  a 78.6  s1.  Therefore  T = 5.15  s. 

Evaluate:  During  the  free-fall  phase  the  rocket  and  airliner  have  the  sanx  v coordimte  but  the  rocket  motw 
downward  from  the  airliner.  After  the  engines  tire,  the  rocket  starts  to  move  upward  and  its  horaontal  component 
of  velocity  starts  to  exceed  that  of  tlx  airliner. 


\ i 


-*|  lotto  «.k- 


<W 

Figure  3.92 


3.93.  IDENTIFY:  Apply  the  relative  velocity  relation. 

SKI  UP:  Let  r,  ^ he  the  speed  of  the  came  relative  to  wjter  and  vv  c be  the  speed  of  the  water  relative  to  tlx 
ground. 

EXECUTE:  (u)  Taking  all  units  to  be  in  km  and  h.  wc  have  three  equatiems.  We  know  that  heading  upstream 
v<  * ” ~ 2 - Wc  know  that  heading  downstream  for  a time  /.  (vc  * + r*x.V  - 5*  We  also  know  that  for  the 

bottle  »Vo(* * 1)  = 3.  Solving  these  three  equations  for  vv 0 - x,  - 2 + x therefore  (2+i  + r)f-5  c v 


[2  + 2x)t  - 5.  Also  / - 3/x- 1.  so  (2  + 2x)\  — - 1 1 — 5 or  2x*  + x -6  - 0.  Tlx  positive  solution  is 

x 


x m = 1 .5  km  h 

(hi  yc  w - 2 kmh  + v%<l  - 3.5  kmh. 

Evaluate:  When  they  head  upstream,  their  speed  relative  to  the  ground  is  3.5  km  h - 1 .5  km  h - 2.0  km  h . 
When  they  head  downstream,  their  speed  relative  to  the  ground  is  3 .5  km  h + 1.5  km  h - 5.0  kmh  . The  bottle  is 
moving  downstream  at  1.5  km's  relative  to  the  earth,  so  they  are  able  to  overtake  it. 
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IDEMIFY:  Consider  the  vector  .sum  in  each  ease. 

S»:r  UP:  Call  the  two  force*  Ft  and  f, . Let  Ft  be  to  the  right.  In  each  case  select  the  direction  of  F.  such  that 
F - Ft  ♦ F,  Kls  the  drsired  magnitude. 

Execute:  la)  Tor  the  magnitude  of  the  sum  to  be  lb:  sum  of  the  magnitudes,  the  fceces  must  be  parallel,  and  the 
angle  between  them  is  zero.  Hie  two  vectces  and  their  sum  are  sketched  in  figure  4.  la. 

The  forces  form  the  sides  of  a right  isosceles  triangle,  and  the  angle  between  them  is  90°  . The  two  vectors  are! 
their  sum  are  sketched  in  Figure  4.1b. 

(c)  For  the  sum  to  have  zero  magnitude,  the  forces  must  be  antiparallcl.  and  the  angle  between  them  is  1KCF  . The 
two  vectors  arc  skclchcd  in  Figure  4.1c. 

Evaluate:  The  maximum  magnitude  of  the  sum  of  the  two  vectors  is  2F%  as  in  part  (a). 


t 


(o)  lb)  (O 

Figure  4.1 

I DEMI  tY : Add  the  three  forces  by  adding  their  component*. 

SET  Up:  In  the  new  coordinates,  the  120N  force  arts  at  an  angle  of  53*  from  the  -x  -axis,  or  233°  from 
the  -fx  -axis,  and  the  50-N  force  acts  at  an  angle  of  323°  from  the  +x  *axis. 

EXECUTE:  (u)  The  components  of  the  net  force  are 

R , =(120  N)cok233°+(50  N»cos323*  = -32  N 
R . = <250  N) -f  (120  N >sin233°+ (50  N)sin323°  - 124  N. 


(b>  R-^R\+R\  -12SN.  aretan  — — | - 104°  . The  results  ave  tlie  same  magnitude  as  in  Eixarcgilc  4.1 . and  the 


angle  has  been  changed  by  the  amount  (37*)  that  the  coordinates  have  been  rotated. 

EVALUATE:  Wc  can  use  any  set  of  cocvdinate  axes  that  we  wish  to  and  can  there  fore  select  axes  for  which  the 
analysis  of  the  pce&lcm  is  the  simplest. 

IDENTIFY:  Use  right -triangle  trigonometry  to  find  the  components  of  the  force. 

SET  Up:  Let  -fx  be  to  the  right  and  let  +v  be  downward. 

EXECUTE:  The  horizontal  component  of  the  force  is  (10  N) cos 45°  - 7.1  N to  the  right  and  the  vertical 
congioncnt  is  < 1 0 N )sin  45c  * 7. 1 X down. 

EVALUATE:  In  our  coordinates  each  component  is  positive;  the  signs  of  the  components  indicate  the  directions  of 

the  component  vectors. 

iDEMitY : F,  = FccaO,  Ft  - F%\n0 . 

SET  Up:  Let  +x  be  parallel  to  the  ramp  and  directed  up  the  ramp.  Let  +y  be  perpendicular  to  the  ramp  and 
directed  away  from  iL  Then  0 - 30.0'  . 
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4.5. 


4.6. 


4.8. 


r F 60.0  N 

EXECUTE:  <u>  / 

cc *0  cox  50° 

(b>F  ^ Fan*  = F tan*  = 34.6  N. 


- 69.3  N. 


EVALUATE:  We  can  verify  that  F,J  + F]  - F* . Th:  signs  of  F and  Ft  show  their  direction. 

Identify:  Vector  addition. 

s»:r  UP:  Use  a coordinate  system  where  the  +x  axis  is  in  the  direction  of  F« , the  fcece  applied  by  dog  A.  The 
forces  are  sketched  in  Figure  4.5. 

Execute: 


r4t=f 270 N.  F*« 0 

F*  = Fk cos60O°  = (300  N >cos60.0°  = +150  N 
F»  = Ft  un  60.0:  ^ (300  N)sin  60.0°  - *260  N 


Rt  ^ F + Flf  = +270  N + 150  N = +420  N 
rt  = F^  + F%  = 0 + 260  N = *260  N 

* F = %/(420  X)*  + <260  X)*  = 494  N 

tan*  - — 1 = 0.619 

j * 

* = 31.8* 

Figure  4.5b 

Evaluate:  The  forces  must  be  ad&d  as  vectors.  The  magnitude  of  the  resuhant  force  is  less  than  the  sum  of  the 
magnitudes  of  the  two  forces  ami  depends  on  the  angle  between  the  two  forces. 

Identify : Add  the  two  forces  using  component*. 

Si:r  LiR:  F,  - Fees* . F.  = Fsin* , w here  * is  the  angjc  F miles  with  the  *.v  axis. 

Execute:  (u)  Fu  + F?t  =(9.00N)cosl20°  + (6.00N)cos(233.lc)»-8.10N 
f;y  + Fa>  =<9.00  N)sinl20°  + (600  N>sint 233.1  &)  = +3.00  N. 

<b»  ff  - ^FTF  - %('(S.I0N>-»(3.0ONr  = R.64  N. 

Evaluate:  Since  F,  <0and  F.  >0.  F is  in  the  second  quadrant. 

Identity:  Apply  Y F - ma 

s»:r  t'P:  Lei  t x be  ill  the  direction  of  The  force. 

Execute:  a.  - F. tm  - (132  N('(60  kg>  = 2.2  m:  %r . 

EVALUATE:  The  acceleration  is  in  the  directxm  of  the  force 
Identify:  Apply  £F-«ur. 

SET  liP:  Let  +x  be  in  th:  direction  of  the  acceleration 
Execute:  F.  = ma,  = (I 35  kgX  1 40  nvs* )- 189  N. 

EVALUATE:  The  ret  force  must  be  in  the  direction  of  the  arcelcration. 

Identify:  Apply  V F - ma  to  the  box. 

SET  FP:  Let  +x  be  the  direction  of  the  force  and  acceleration.  = 48.0  N . 


4.9. 
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4.10. 


4.11. 


4.12. 


4.13. 


Execute:  Yr,  = md.  gives 


US.QN 


-16.0  kg. 


a 3. 00  ms* 

EVALUATE:  The  vertical  forces  sum  to  zero  and  there  is  no  motion  in  that  direction. 

Idevutn : Use  the  information  about  the  motxm  to  find  the  acceleration  and  then  use  - mat  li> 
calculate  m. 

SET  UP:  Let  +x  be  tlie  direction  of  the  force.  JV,  - SO.O  N . 

Execute:  (a)  x-x#  - 1 1.0  m , / = 5.00  s , - 

„ - 2(*T**>  = 2(* 10 m>  -0.880 m'*’.  800N 

A i.  i F AA  I > 


x-xv  - v.  t + lat1  gives 


W.9  kg 


(5.00  *)•  ff  0.8S0  m s* 

(b>  at  - 0 and  v4  is  constant.  After  the  first  5.0  s.  v,  = v0l  + ati  = (0.8S0  mV  MS.00  s)  - 4 40  in  s . 
x - x,  = v0.l  * £*/  = (4.40  m s)(5.00  s)  = 22.0  m . 

Evaluate:  The  mass  determines  th:  anxiunt  of  accclcratxm  produced  by  a given  force.  The  block  moves  farther 
in  the  secood  5.00  s thin  m the  first  5.00  s. 

I DEM  m and  SET  Up:  Use  Newton’s  second  law  in  component  form  i I*q.4.8|  to  calculate  the  acceleration 
produced  by  th:  force.  Use  constant  accclcratxm  equations  to  calculate  the  effect  of  the  accclcraticei  on  the  motion. 
Execute:  (u)  During  this  tinx  interval  the  accclcratxm  is  constant  and  equal  to 

/*  0.250  N 


1.562  nvs* 


m 0.160  kg 

We  can  use  the  constant  acceleration  kinematic  cquatxms  from  Chiller  2. 

W ' w = 0*4<  1.562  m*’x2.CK)  *)\ 
so  the  puck  is  at  x = 3.12  m 
v.  = V„.  + aj  - 0 * (1 .562  nls’  M2 -00  i)- 3.13  m 

( l>  > In  the  time  interval  from  f - 2.00  * to  5.00  s the  force  has  been  removed  so  the  accclcratxm  is  zero.  The  speed 
stays  constant  at  v = 3.12  m s.  The  distance  the  puck  travels  is  x-x#  - v§4/  - <3. 12  nvsHS.OO  s - 2.00  s)  - 9.36  m. 
At  the  end  of  the  interv  al  it  is  at  x = xc  + 9.36  m - 12.5  m. 

In  the  time  interval  from  f = 5.00  s to  7.00  s the  acceleration  is  again  a,  = 1 .562  mV.  At  the  start  of  this  interval 
v*  =3.12  m s and  x0  - 12.5  m 

x - x»  = vu</  * =(3.12  insX2.00s)  + 4<l  562  tns*%X2.00  s)K 

x-x,  -6.24  m-f  3.12  in  = 9.36  m. 

Therefore,  at  f = 7.(X)s  the  puck  is  at  x = x,  -t  9.36  m = 12.5  m + 9.36  in  - 21.9  m 

v4  = v4l  + aj  = 3. 1 2 m s + (1 .562  m's1  )(2O0  s)  = 6.24  m s 
Evaluate:  The  acceleration  says  the  puck  gains  1.56  m's  of  velocity  for  every  second  tlie  force  acts.  The  force 
lets  a total  of  400  s so  the  final  velocity  is  <1.56  m's  #4.0  s>  - 6.24  m s. 

IDENTITY:  Apply  V /’*  " »ia  . Then  use  a constant  accclcratxm  equation  to  relate  the  kircmatic  quantities. 

SET  UP:  Let  +x  he  in  the  direction  of  the  force. 

Exec  ute:  (u)  at  = F /*?  = <!  40  N)432.5  kg)  = 4.31  m's*. 

(b)  x-x0  = v j + r . With  »*|4  = 0.  x = ± at 1 = 215  m . 

(c)  v4  = *■  aj  . With  v04  = 0.  \\  = aj  - 2xft  - 43.0  m's . 

Evaluate:  The  acceleration  connects  the  modem  to  the  forces. 

IDENTITY:  The  force  and  acceleration  are  related  by  Newton’s  second  law. 

SET  Up:  y r - mat  , where  is  the  rxt  fccce.  m = 4.50  kg . 

EXECUTE:  (a)  The  maximum  net  force  occurs  when  the  acceleration  has  its  maximum  valiar. 

JV  - mat  =<4.50  kgMIO.O  insJ>=  45.0  N . This  maximum  force  occurs  between  2.0  s and  4.0  s. 
b)  Tlie  net  force  is  constant  when  the  acceleration  is  constant.  This  is  between  2.0 1 and  4.0  s. 

(c)  Tlie  net  force  is  zero  when  the  acceleration  is  zero.  This  is  tlie  ease  at  / =0  and  t - 6.0  s . 

EVALUATE:  a graph  of  y f versus  / would  have  the  same  shape  as  the  graph  of  at  versus  /. 


( hjplrr 


4.14. 


4.15. 


4.16. 


4.17. 


4.18. 


IDF.VI1FY : The  force  and  acceleration  arc  related  by  Newton’s  second  law.  ak  . so  o4  is  the  slope  oftlx 

dl 

graph  of  vt  versus  /. 

SET  UP:  The  graph  of  v4  versus  r consists  of  straight-line  segments.  Fee  f - 0 to  r - 2.1X1  s » <i4  - 4.00  m ’s* . For 
r - 2.00  s to  6.00  s.  at  = 0 . Foe  t « 6.00  s to  10.0  s,  a t = 1 .00  m s* . 

]T/**  - uni,  , with  m - 2.75  kg  . ^F,  is  the  net  force. 

EXECUTE:  (a)  The  maximum  net  force  occur*  when  the  acceleration  his  its  maximum  valix* 

£/’  — Mdt  -<2.75  kg >|4.00  m s*)  - 1 1.0  N . This  maximum  occur*  in  the  interval  /-0to  /-2.00  s. 

(b>  The  net  force  is  /cm  when  the  acceleration  is  zero.  This  is  between  2.00  s and  6.00  s. 

|c>  Between  6.00  s and  10.0  s.  a,  =1.00  m's* , so  ^ (2.75  kg K 1.00  m s1)  - 2.75  N . 

Evaluate:  The  ret  force  is  largest  when  th:  velocity  is  changing  most  rapidly. 

IDENTIFY:  The  net  force  and  the  acceleration  are  related  by  Newton's  second  law  When  the  rocket  is  near  the 
surface  of  the  earth  th:  forces  on  it  arc  the  upward  force  F exerted  on  it  because  of  the  burning  fuel  and  the 
downward  force  Fym  of  gravity.  F^m  - mg  . 

Ski  UP:  Let  +y  be  upward.  The  weight  of  the  rocket  is  F(-i  = (8.00  kgX9.S0  ntfs1 ) - 78.4  N . 

Execute:  (u)At  /- 0%  F ^-lOO.ON.  At  r-2.00s.  F - A*  <4.00  s1  )D  - 1 50.0  N and 

* I50.0N-I00.0N„25Ni, 

4.00 

(b) (1)  At  1-0.  F - A- 100.0  N . Uir  ncl  force  it  = F~F*..  =100.0  N -78.4  N *21.6  N . 

a ; 270  ui'S1 . (ill  Al  f - .1.00  F - A’  fl(1.00  *)’  =212.5  N . 

* K.OO  kg 

V F = 212.5  N - 78.4  N - 154.1  N.  a , ' 1 - 16.8ml’. 

’ m 8.00  kg 

(c)  Nov  F -Oand  YF  -F -212.5  N.  a - ■ ^ - 26.6  ml’ . 

^ ’ ■ S.Wkg 

Evaluate:  The  acceleration  increases  as  F itx  reuses. 

iDEN  I1FY : Use  constant  acceleration  equations  to  calculate  at  and  /.  Then  use  V F - ma  to  calculate  the 
net  force. 

SKI  Up:  Let  -f x be  in  tbc  direction  of  motion  of  tbc  electron. 

Execute:  (u)  v«4  - 0 . (x - x0)  = I .80x10  1 m . v*4  = 3.00x  10*  m s . \ * = t'i  ■*  2<j4<x  - .y(i)  gives 

„ s±-.-'k  J*-00'10'  ln  - 1 _ 2.S0»  10*  ■%* 

J 2(x-x,)  2<1.S0x  10'"  m) 


(c)  =)9.1l‘10  " kg«2.50*IO"  nvl')-2.28x!0  " N . 

EVALUATE:  The  acceleration  is  in  the  direction  of  motion  since  the  speed  is  increasing,  and  the  net  force  is  in  the 
direction  of  the  acceleration. 

Identify  and  SET  Up:  F - ma.  We  must  use  w - mg  to  find  the  mass  of  tbc  boulder. 

_ w 2400  N ,i4nl 

Execute:  m . - 244.9  kg 

g 9.80  nvV 

Then  F - mu  - (244.9  kg  H>  2.0  ml’)  - 2940  N. 

Evaluate:  Wc  musl  use  mass  in  Newloo’s  second  law.  Mass  and  weight  are  proportKmal. 

Idi.s  llfv:  Apply  YF-„*  . 

SKI  L'p:  m - vr’g  - (71 .2  N).'(9.S0  ml' ) ; 7.27  kg . 

Execute:  a --L.  — - 22.0ml' 

* « 7.27  kg 

Evaluate:  The  weight  of  the  ball  is  a vertical  force  and  doesn’t  atTecl  the  horizontal  acceleration,  However.  the 
weight  is  used  to  calculate  the  mass. 
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4.22. 


4.23. 


IDEM  I IV  and  SKI  Up:  w - mg.  The  maw  of  the  watermelon  it  constant,  independrnt  of  its  (oration.  It&  weight 
differ*  on  earth  and  Jupiter's  moon.  Use  tlx  information  about  the  watermelon's  weight  on  earth  to  calculate  its 


;u»i 


EXECUTE: 


W 44.0  N t<rt| 

*smg  tnt%0M  m"7“^o^i4'49kB 


On  Jupiter’s  moon,  m - 4.49  kg.  the  sanx  as  cot  earth.  Thus  the  weight  on  Jupiter’s  mocn  is 
w-  m?  - (4.49  kgll.KI  m/s')  -8.13  N. 

EvaIHaTE:  The  weight  of  the  watermelon  is  less  on  lo.  since  g k srmller  then:. 

IDEMIFY:  Weight  and  mass  arc  related  by  w - mg  . The  mass  is  constant  but  g and  w drpend  on  locatxin 
SET  UP:  On  earth,  g = 9.SO  m s1 . 

Execute:  (a)  — - m . which  is  constant,  so  — - — . n*.  - 1 7.5  N . gk  - 9.80  m s' , and  v%  - 3.24  N . 


S 

f 3.24  N 

*5 

17.5  N 


*'  “feV11  =(t^5^)<9'80  '■81  m,sl 


(b)  n?  — — — 

g.  9.80  m s* 


-1.79  kg 


EVALUATE:  The  weight  at  a location  and  the  accclcratxm  due  to  gravity  at  that  location  are  directly  proportional. 
IDENTIFY:  Apply  £/**  - met'  to  lind  the  resultant  horizontal  force. 

SET  UP:  Let  the  acceleration  he  in  the  r.v  direction. 

EXECUTE:  - ma,  - (55  kgXl 5 m s‘l  - 825  N . The  force  is  exerted  by  the  blocks.  The  blocks  push  on  the 

spnntcT  because  the  sprinter  pushes  on  the  blocks. 

Evaluate:  The  force  the  blocks  exert  on  tlx  sprinter  has  tbc  same  magnitude  as  the  force  the  sprinter  exerts  on 
the  blocks.  TT»e  harder  the  sprinter  pushes,  the  greater  the  force  on  him. 

IDENTIFY:  ^ V - md  refers  to  forces  that  all  act  on  one  object.  The  third  law  refers  to  forces  that  a pair  of 

o beets  exert  on  ca:h  other. 

SET  UP:  An  object  is  in  equilibrium  if  the  vector  sum  of  all  the  forces  on  it  is  zero.  A third  law  pair  of  forces 
have  the  sanx  imgmtudc  regardless  of  tlx  mo  boo  of  either  object. 

Execute:  (u)  the  earth  (gravity) 

(b) 4  K;  the  book 

(O  no.  these  two  forces  are  exerted  on  tlx  same  object 
(<1)4  N;  the  earth:  the  book;  upward 

(c) 4  N.  the  hand;  the  hook;  downward 

(f)  second  (The  two  forces  are  exerted  on  tbc  same  object  and  this  object  has  mo  acceleration.) 

(f»)  third  I The  forces  arc  between  a pair  of  rejects.) 

(h)  No.  There  is  a net  upward  force  on  the  book  equal  lo  1 N. 

(i)  No.  The  force  exerted  on  the  book  by  your  hand  is  5 N.  upward.  The  force  exerted  on  the  book  by  the  earth  is 
4 N,  downward. 

(j)  Yes  These  forces  form  a third-law  pair  and  are  equal  in  magnitud:  and  opposite  in  direction. 

(k)  Yes.  These  forces  form  a third-law  pur  and  are  equal  in  magnitud:  and  opposite  in  direction. 

(l)  One.  only  the  grav  ity  force. 

( in)  No.  There  is  a net  downward  force  of  5 N exerted  on  the  book. 

Evaluate:  Newton's  second  and  third  laws  give  complementary  information  about  tlx  forces  that  act. 
IDENTIFY:  Identity*  the  forces  on  the  bottle 

SET  UP:  Classify*  forces  as  contort  or  noncontact  forces.  Tlx  mxxontact  force  is  gravity*  atxl  the  contact  forces 
conx  from  things  that  touch  the  object.  Gravity  is  always  directed  downward  toward  the  center  of  tlx  earth  Air 
resistance  is  always  directed  opposite  to  the  velocity  of  the  object  relative  to  the  air. 

Execute:  (u)  The  frcc-bodv  diagram  for  tbc  bottle  is  sketched  in  Figure  4.23a 


The  only  forces  on  the  bottle  are  gravity 
I downward  I and  air  resistance  (upward) 


r w - iv.r 

figure  4.23a 


ib> 


\ < l 
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catti 

Figure  4.23b 


w is  the  forte  of  gravity  that  th:  earth  exerts 
on  the  bottle.  The  reaction  to  this  forte  is  W 
forte  that  the  bottle  exerts  on  the  earth 


Note  that  these  tux*  equal  and  opposite  fortes  produce  very  ditTcrent  accelerations  because  the  bottle  and  the  earth 
have  very  different  masses. 

F_  is  the  forte  that  th:  air  exerts  on  the  bottle  and  is  upward.  The  reaction  to  this  forte  is  a downward  forte 
that  the  bottle  exerts  on  the  air.  These  two  fortes  have  equal  magnitudes  and  opposite  directions. 

EVALUATE:  The  only  thing  in  contact  with  the  bottle  while  it  is  tailing  is  the  air.  Newloo’s  third  law  always 
deals  with  fortes  on  tux*  different  objects. 

IDENTIFY:  Hie  reaction  fortes  in  Newton's  third  law  arc  always  between  a pair  of  objects.  In  Newton's  second 
law  all  the  forces  act  on  a single  object. 

Set  Up:  Let  +>’  be  downward,  m - wtg  . 

EXECUTE:  The  reaction  to  tbc  upward  normal  forte  on  the  passenger  rs  the  downward  nccmal  force,  also  of 
magnitude  620  N.  that  th:  passenger  exerts  on  the  Boor.  Th:  reaction  to  the  passenger’s  weight  is  the  gravitational 


force  that  the  passenger  exerts  on  the  earth,  upward  and  also  of  imgnutude  650  N. 


- a,  goes 


- 0.452  mi's* . The  passenger’s  acceleration  is 0.452  m/s*  * downward. 


650  N -620  N 
’ ~ (650  NX9.S0  mV ) 

EVALUATE:  There  is  a net  downward  forte  on  the  passenger  and  the  passenger  has  a downward  acceleration. 
IDENTITY:  Apply  Newton’s  scccmd  law*  to  th:  earth 

SET  Up:  The  forte  of  gravity  that  the  earth  exerts  on  her  is  her  weight,  w - »i£  - 145  kgX9.8  ms* ) = 441  N.  By 
Newton's  3rd  law.  she  exerts  an  equal  and  opposite  force  on  the  earth. 

Apply  y F - nu r to  the  earth,  with  |y  /*|  - m*  - 44 1 N.  but  must  use  the  miss  of  the  earth  for  m. 

441  N 


EXECUTE:  a - 


»» 

2 


7.4^10  * m s*. 


m 6.0 x to*  kg 

EVALUATE:  This  is  much  smaller  than  her  acceleration  of  9.8  m s'.  The  force  she  exerts  on  the  earth  equals  in 
magnitude  the  force  the  earth  exerts  on  her.  but  the  acceleration  the  force  pnxlures  depends  cm  the  mass  of  the 
object  and  ber  mass  is  much  less  than  tbc  mass  of  the  earth. 

I DEM  ITT  and  SET  UP:  The  only  fcecc  on  the  hall  « the  gravity  force.  F . This  force  is  mg  . downward  and  is 
independent  of  the  motKin  of  the  object. 

Execute:  The  frec-bcdy  diagram  is  sketched  in  Figure  4.26.  The  free*body  diagram  is  the  same  m all  eases. 
EVALUATE:  Some  forces,  such  as  friction,  depend  on  th:  motion  of  the  object  but  the  gravity  fcecc  docs  not. 


Hi; 


Figure  4 .26 

4.27.  Iden  I1FY:  Identity*  the  forces  on  each  object. 

SET  UP:  In  each  case  the  fccccs  are  the  noncontact  force  of  gravity  (the  weight  I and  the  forces  applied  by  objects 
that  arc  in  contact  with  each  crate.  Each  crate  touches  the  floor  and  the  other  crate,  and  some  c**jcct  applies  F to 
crate  A. 

Execute:  (a)  The  trcc-body  diagrams  for  each  crate  arc  given  in  Figure  4.27. 

F^  (the  force  on  mt  due  tow* ) and  FXt  (the  force  on  mA  due  tom4)  form  an  acticm*  reaction  pair. 

<b)  Since  there  is  no  horizontal  force  opposing  /*.  any  value  of  F.  no  matter  how  snulL  will  cause  the  crates  to 
accelerate  to  the  right.  The  weight  of  the  two  crates  acts  at  a right  angle  to  the  horizontal.  and  is  in  any  case 
balanced  by  the  upw  ard  force  of  the  surface  on  them. 
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Evaluate:  Crate  B rs  accelerated  by  Fti  and  crate  A is  accelerated  by  the  net  force  F - Fu . Th:  greater  the 
total  weight  of  the  two  crate*,  the  greater  th:ir  total  mat*  and  the  smaller  will  be  their  acceleration. 


i 


A H 

Figure  4 21 

4.28.  IDEVIIFY:  Th:  surface  of  block  B can  exert  both  a friction  farce  and  a narmal  fccce  on  btock  A.  The  frictKin  fcecc  is 
directed  so  as  to  oppose  relativ  e motion  between  blocks  B and  A.  Gravity  exerts  a downward  force  w on  blixk  A. 

SET  UP:  The  pull  is  a force  on  B not  on  A. 

Execute:  (a)  If  tbc  table  rs  frxtionlcs*  there  i*  a net  horizontal  force  on  the  combined  object  of  tlx  two  blocks, 
and  block  B accelerates  in  the  direction  of  the  pull.  The  friction  force  that  B exerts  on  A is  to  the  right,  to  try*  to 
prevent  A from  slipping  relative  to  B as  B accelerates  to  the  right.  The  free -body  diagram  is  sketched  in  Figure 
4. 28a./ is  the  friction  force  that  B exerts  on  A and  n i*  the  normal  force  that  B exert*  on  A. 

<b)  The  pull  and  the  frictKin  force  exerted  on  B by  the  table  cancel  and  the  net  force  on  th:  system  of  two  block*  is 
zero.  The  blocks  mov  e with  the  same  constant  speed  and  B exerts  no  friction  force  on  A.  The  free- body  diagram  is 
sketched  in  Figure  4.28b. 

Evaluate:  If  in  part  (b)  the  pull  force  is  decreased,  block  B w ill  slow  down,  w ith  an  acceleration  directed  to  the 
left  In  this  case  th:  friction  force  on  A would  be  to  the  left,  to  prevent  relative  motKm  between  the  two  blocks  by 
giving  A an  acceleration  equal  to  that  of  B. 


<*>  lb) 

Figure  4 .28 

4.29.  Ide.viifv  : Since  tbc  observer  in  the  train  sees  the  Kill  hang  nxibonle**.  the  ball  musi  have  the  same  acceleration 
as  the  train  car.  By  Newton’s  second  law.  there  must  he  a net  force  on  the  Kill  in  the  same  direction  as  it* 
acceleration. 

SET  UP:  Tbc  force*  on  the  ball  are  gravity,  which  i*  n\  downward,  and  the  tension  T in  the  string,  which  is 
directed  along  the  string. 

Execute:  (u)  The  acceleration  of  the  train  i*  arro.  so  the  acceleration  of  tbc  ball  is  zero.  There  is  no  net 
hon/ontal  force  ixi  the  Kill  and  the  string  must  hang  vertically.  The  frre-body  diagram  is  sketchxl  in  Figure  4.29a. 

The  train  has  a constant  acceleration  directed  east  so  the  hull  must  have  a constant  eastward  acceleration.  There 
must  he  a net  horizontal  force  on  the  ball,  directed  to  the  cast.  This  net  force  must  come  from  an  eastw  ard 
component  of  T and  th:  hall  hang*  with  the  siring  displaced  west  of  vertical.  The  tree-body  diagram  is  sketched  in 
Figure  4.29b. 

EVALUATE:  When  the  motnin  of  an  object  is  described  in  an  inertial  frame,  then:  must  he  a net  force  in  the 
direction  of  th:  accelerator! 


<*>  (bl 


Figure  4 29 

4 JO.  Idlm  itv : Identity'  the  forces  for  each  object.  Action -reactKin  pairs  of  forces  act  between  two  objects. 

SET  UP:  Friction  is  parallel  to  the  surfaces  and  « directly  to  oppose  relative  motion  between  the  surfaces. 
EXECUTE:  The  frec-bcxly  diagram  for  the  box  is  given  in  Figure  4 .3Qi.  Tbc  free  body  diagram  for  the  truck  is 
given  in  Figure  4.X)b.  The  box’s  friction  force  on  the  truck  bed  and  the  trock  bed’s  friction  force  on  the  box  form 
an  action-reaction  pair.  There  would  also  be  some  smill  air -resistance  force  action  to  the  left,  presumably 
negligible  at  this  sfved. 
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EVALUATE:  The  friction  force  on  Ibe  box.  exerted  by  the  bed  of  the  track,  is  m the  direction  of  the  truck’s 
acceleration.  This  friction  force  can't  be  large  emugh  to  give  the  box  the  sanx  acceleration  that  the  truck  hw  and 
the  truck  acquires  a cr  eater  speed  thin  the  box. 


ic^tiwi  force  to 

liro*  k*.k*A.int  inoJi 


M <b) 

Figure  4 JO 

IDENTIFY:  Identity  the  forces  cci  the  chair.  The  floor  exerts  a mrmal  fcece  and  a friction  force 
SET  UP:  Let  +y  be  upward  and  let  +x  be  in  the  direction  of  the  motxin  of  the  chair. 
Execute:  (a)  The  tree-bod)’  diagram  for  the  chair  is  given  in  Figure  4.31. 

(b)  For  the  chair,  a -0  so  V/7  - mu  gives  n - ui#  - /’sin  37°  - 0 and  i?  - 1 42  X . 
Evaluate:  n is  larger  than  the  weight  because  F has  a downward  ccmpocxnt 


4J2. 


I DEN  tin:  Identify  the  forces  on  the  skier  and  apply  V F - ma  . Constant  speed  nxans  a - 0 . 

SET  UP:  Use  coordinates  that  are  parallel  and  perpendicular  to  tlx  ski|X. 

Execute:  (u)  The  tree-body  diagram  for  the  skier  is  given  in  Figure  4.32. 

(b>  ]T/’  -ma,  with  a,  - Ogives  T - m^un/S- 165.0  kgW94C0  m*V)sin 26.0°  - 279  X . 

EVALUATE:  T is  less  than  the  weight  of  the  xkxr  It  is  ojual  to  the  component  of  the  weight  that  is  parallel  to  the 
incline. 


Figure  4 J2 

4J3.  IDENTIFY:  V F • ma  must  be  satisfied  for  each  object.  Newton's  third  law  soys  that  the  force  Ft  ^ , that  th:  car 

exerts  on  the  truck  is  equal  in  magnitude  and  opposite  in  direction  to  the  force  F:  ml  that  the  truck  exerts  on  the 


car. 

SET  UP:  The  only  hcei/ontal  force  cei  the  car  is  the  force  r,  exerted  by  the  truck.  The  car  exerts  a force 
rc  , on  the  truck.  There  is  also  a horizontal  friction  force  / that  the  highway  vurfare  exerts  on  the  truck.  Assume 
the  system  is  accelerating  to  the  right  m the  free- body  diagrams. 

Execute:  (u)  The  free- body  diagram  for  the  car  is  sketched  m Figure  4.33a 
<b>  The  tree-body  diagram  fee  the  trurk  is  sketched  in  Figure  4.33b. 
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(c)  The  friction  force  / accelerates  the  system  forward  The  tires  of  the  truck  push  backwards  on  the  highway 
surface  as  they  rotate,  so  by  Newt  cm's  third  law  the  roadway  pushes  forward  on  the  tires. 

Evaluate:  F,  mi  and  fj  , each  equal  the  tension  T xn  the  rope.  Both  objects  have  the  same  acceleration  a 

T and  f — T - /w,u  . so  / - (utt  + w,  )u  . The  acceleration  of  the  two  objects  is  proportional  to/. 


Figure  4J3 


iDEMin:  Use  a constant  acceleration  equation  to  find  the  stopping  time  aixl  acceleration.  Then  use 
- md  to  calculate  the  fcece. 

SET  UP:  Let  + x be  in  the  direction  the  bullet  is  traveling.  F is  the  force  the  wood  exerts  on  the  bullet. 
EXECUTE:  (u)  v44  - 350  nvi . v - 0 and  ( X - Xa ) = 0.130  m . <j  - xj  - 


acr-^.^uo-) 

.ISO  m* 


7.45«  10 ‘ i. 


lb)  S = v':+2a,(,-.t,)  give* 


: 


0-(.150  nv*)J 
2(0.1.10  ml 


-4.7lx  101  m*’ 


— nutt  give*  -f-rad.  and  F --nui,  - -II. SO- 10  1 kg)( -4.71*10*  in'*')  - K4S  N. 

Evaluate:  The  acceleration  and  net  force  are  opposite  to  the  direction  of  motion  of  the  bullet. 

iDEVnFV:  Vector  addition  problem.  Write  th:  vector  additievi  equation  in  component  form.  We  know  one  vector 

and  its  resultant  and  arc  asked  to  solve  for  the  other  vector. 

SETUP:  Use  coordinates  with  the  +.r-axis  aking  F{  and  th:  + r*a.\is  along  /?;  as  shown  in  Figure  4.35a. 


+ no)  n.  /;,-<> 

R.  =0.  R,  =+1300  N 


F.  + Fj**.  so  Fs-R-F 

Execute:  F*  * R.  - Fti  * 0- 1 300  N = - 1 300  N 

Fu  -R.  ~Fi,  s+1300  N-0s  + 1300  N 

The  components  of  F.  arc  sketched  xn  Figure  4.35b. 

F - Jf?.  + F*t  = ^ 1300  N?Tfl 3 CO  N y 


F = 1840  N 
Lan 


Fs  +1300 N 


- -1.0Q 


F -1300  N 


Q - 13S 


The  magnitude  of  F.  is  IS40  N and  its  direction  is  1 35°  counterclockwise  from  the  direction  of  Fr 
Evaluate:  Fx  has  a negative.!  component  to  cancel  F,  and  a y-cocnponent  to  equal  R 

4-36.  I DEN  I1FV:  Use  the  motion  of  tfo:  ball  to  eakrulatc  g . the  arceleration  of  gravity  on  the  planet.  Then  iv  = my  . 

SET  UP:  Let  +y  be  downward  and  take  vc  = 0 . v#  - 0. since  the  bull  is  leased  from  rest. 
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4-37- 


4-38. 


4-39- 


EXECUTE:  (id  g on  X:  v-  Igr*  give*  10.0  m - ^g{2.2  xj3 . g - 4.13  m.'s:  and  then 
m \-mgA  = (0.100  kgX4.03m,'sJ)  = 0.41  N . 

fiVALlATE:  g on  Plaixt  X is  smaller  than  on  earth  and  the  object  weight  lets  than  it  wtxild  on  earth. 
(DEYim  : If  the  hax  moves  in  the  +x-din:ction  it  mutt  have  a =0.  so  ^ F -0. 


The  smallest  force  the  child  can  exert  arxl  still 
produce  such  motion  is  a force  that  mikes  the 
V'Comyiooents  of  all  three  forces  sum  to  zero, 
but  that  doesn’t  have  any  .x  component. 


SET  UP:  Ft  an;!  F:  are  sketched  in  Figure  4.37.  Let  Ft  be  the  force  exerted  by  the  child 

implies 

Execute:  F,  = *f;sin60:  -(l00N>sin6(r-S6.6N 
F3l  - ^ «n(-30°>  = -/*’  sin  30°  = -<140  N 1 tan  30°  = -70.0  N 


The  smallest  force  the  child  can  exert  his  magnitude  17  N and  « directed  at  90:  clockwise  from  the  +x*axis 
shown  in  the  figure. 

|b)  IDEVIIFY  and  Sn  UP:  Apply  We  know  the  forces  and  so  can  solve  form.  Tlic  force  exerted 

by  the  child  is  in  the  - r direction  and  has  nox-compofxnt. 

Execute:  F,  = F{  cos6<r  - 50  N 

Fit  = f;  cos  30:  = 121.2  N 

£/•  - F L rF‘-  -50  Nf  121-2  N- 171 JN 

„,2£  = _!Ii£^  = 8S.6kB 

o4  2 00  ms* 

Then  w = mg  - 840  N. 

Evaluate:  In  part  tbl  we  don’t  need  to  consider  the  r -competent  of  Newton's  second  law.  a - 0 so  the  mass 
doesn't  appear  in  the  Yf.  = mj(  equation. 

IDEXTIFY : Use  F - m a to  calculate  the  acceleration  of  the  tanker  and  then  use  constant  accelcruticei 
kincmitic  equations. 

SET  L’P:  Let  +x  be  the  direction  the  tanker  is  moving  initially.  Then  at  - -F>m . 

Execute:  r*  = + 2<r  (x  - x,l  savs  that  it*  the  reef  weren't  thrre  the  ship  would  stop  in  a distance  of 


r-x. 


imri  (3i»xl01  kuKl.5  m/s)J 


2 a l(Ffm)  2F 


— = 506  m, 

2(8.0x10  N) 


so  the  ship  would  hit  the  reef.  The  speed  wbm  the  tanker  hits  the  reef  is  found  from  = rt*4  + 2u4(x  - . so  it  is 

v = ,/>•;  - i2Fx/m)  =1(1.5  m%r  - 


:<SQ<l«,NH5Q,m  ■_0|7m,. 


13.6.10  kS> 


and  the  oil  shixild  he  safe. 

EVALUATE:  The  force  and  acceptation  arc  directed  opposite  to  the  initial  motievi  of  the  tanker  and  the  speed 
decreases. 

Idem  ttY : We  can  apply  constant  federation  equations  to  relate  the  kinrmatic  variables  and  we  can  use 
Newton's  second  law  to  relate  th:  forces  and  acceptation. 

(a)  SET  Up:  First  use  the  information  given  about  the  height  of  the  jump  to  calculate  the  speed  he  his  at  the 

instant  his  feet  leave  the  ground.  Use  a coordimte  system  with  th:  + v-axb 8 upward  and  the  origin  at  the  position 
w hen  lus  feet  lease  th:  ground. 


4.40. 


4.41. 
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v\  =0  fat  the  maximum  height),  v«,  a,  - -9.80  ms\  y-y4  »+1.2  m 
Execute:  I6  - ^-2d  (v-y’,)  - ^-2(-9.80  nVs*K1.2  ml  = 4.85  m s 

(b)  SET  UP:  Now  ccmsidcr  the  acceleration  phase,  from  when  he  Marts  to  jump  until  when  his  feet  leave  the 
ground.  Use  a coordinate  system  where  the  ♦ r-axH  is  upward  and  th:  origin  is  at  hr*  position  when  he  starts  Hk 


jump 

EXECUTE:  Calculate  the  average  acceleration: 

v.  - v 

<o,— 


4.89  ms -ft 


5.2  mV 


/ 0.3(H)  s 

(c>  SET  LtP:  Finally,  find  the  average  upward  fcocc  that  the  ground  must  exert  on  him  to  produce  this  average 
up»vard  acceleration.  (Don't  forget  about  the  downward  force  of  gravity,  t The  forces  arc  skctchxl  in  Figure  4.39. 

Execute: 


I 


m s 


'—-90*  kg 


»>• 


auxiigc  fmcc 
tW  troMd  iwl»  ot  him 


F„  - mg- >. 

F..  -n***  <«.),) 

F.  - 90.*  kg(9.S0  m'»‘  -t  16.2  mV) 
F = 2360  N 


Figure  4J9 


Tlus  is  the  average  f«cc  exerted  on  him  by  the  ground.  But  by  Newton's  3rd  law,  the  average  force  h:  exerts  on 
the  ground  is  equal  aixl  opposite.  so  is  2360  N.  downward. 

Evaluate:  In  order  for  him  to  accelerate  upward,  the  ground  must  exert  an  upward  force  greater  than  his 
weight. 

IDENTIFY:  Use  constant  acceleration  equations  to  calculate  the  acceleration  that  would  he  required.  Then  use 
y /’  - jjut.  to  find  th:  necessary  force. 

SET  UP:  Let  +x  be  the  direction  of  the  initial  motion  of  the  auto. 

Execute:  r*-v]  t2<r  (r-x.)widi  r -ft  gives  a - - ll: The  force  F is  directed  opposite  to  the 

Vx-*o) 

motxm  and  a - - — . liquating  these  two  expressions  for  a gives 


F - (850  kg>  112  >m  - 3.7x10*  N\ 

Ux-x.)  2(1.8x10  m) 


Ev AI.IWTE:  A very  large  force  is  required  to  stop  surh  a massive  object  in  such  a short  distance 
iDt.Min : Apply  Newton’s  scccvid  law  to  calculate  a. 

(a)  SET  Up:  The  free- body  diagram  for  the  bucket  is  sketched  in  Figure  4.41 . 


ntKceittk* 

iaifcC'xrd.v 


... 


The  net  force  cn  the  bucket 
is  T-flrg.  upward. 


F igure  4.41 
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(b)  Execute:  “ ma>  £*vc*  T ~ "W  • ™ 

T-mv  75.0  N -(4.80  kuU9.80m.sM  75.0  N- 47.04  N 2 

m 4 S0  kg  4.80  kg 

Evaluate:  Re  might  of  the  bucket  is  47.0  N.  The  upward  force  exerted  by  th:  cord  is  larger  than  this,  so  the 
bucket  accelerates  upward. 

IDENTIFY : Apply  V A*  - ma  to  the  parachutist. 

SET  UP:  Let  +y  be  upward.  is  the  force  of  air  resistance. 

Execute:  <u>  m = mg»  (55.0  kg  U9.80  m sM  = 539  N 

(b>  Tlie  free- body  diagram  is  given  in  Fig.  4.42.  £ A’  -fV-  w - 620  N - 539  N - 81  N . The  rct  fevee  is  upward 

(cl  a ~ - — Sl  1 .5  m's: . upward. 

« 55.0  kg 

EVALUATE:  Both  the  net  force  and  the  acceleration  arc  upward.  Sirxc  her  velocity*  is  downward  and  her 
acceleration  is  upward,  her  speed  decreases. 

\ 


Figure  4.42 

IDSCTIFY:  Use  Newton’i  2nd  law  to  relate  the  acceleration  and  forces  for  each  crate. 

(a)  SET  Uf:  Since  the  crates  are  connected  by  a rope,  they  both  have  the  same  accclcratitxt.  2.50  m s* 

(b)  The  forces  on  the  4.00  kg  crate  are  shown  in  Figure  4.43a. 


Execute: 

I*—. 

(4.00  kuM2.50  m s3)  - 10.0  N 


. " »*i.c 

Figure  4.43a 

(c>  SET  UP:  Forces  on  th:  6.00  kg  crate  arc  shown  in  Figure  4.43b 


. : ~ w:  * 

Figure  4.43h 


Tlie  crate  accelerates  to  the  right 
w the  rwl  force  is  to  the  right. 

F must  he  laruer  than  7*. 


(d)  EXECUTE:  gives  A*  - 7 - ma 

F -T  'm.a-10.0  N*  (6.00  kgt|2.50  mV  1 - 10.0  N * 15.0  K - 25.0  N 
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4.45. 


4.46. 


Evaluate:  We  can  abo  consider  tbc  two  crates  and  the  rope  connecting  them  « a single  object  of  mass 
m -m  + m-.  - 10.0  kg.  The  tree-body  diagram  is  sketched  in  Figure  4.43c. 


EF.=aa. 

r-ma  - <10.0  kg)(2.50  mV)  - 25.0  N 
This  agrrcs  with  our  answer  in  part  <d). 

T r - 

Figure  4.4.3c 


Idem  IT Y : Apply  Newton's  second  aixi  third  hws. 

SET  UP:  Action-rcftion  forces  act  between  a pair  of  objects.  In  the  second  law  all  the  forces  ft  on  the  same 


object. 

Execute:  (a>  The  force  the  astromut  exerts  <»n  the  cable  and  tbc  force  that  the  cable  exerts  on  the  astronaut  are 
in  actkm-rcacticm  pair,  so  the  cable  exerts  a force  of  80.0  N on  the  astnxiaut. 

(I>)  The  cable  is  under  tension. 

(c)  g-li-1'1  N ; 0.762  m.'*\ 

m 105.0  kg 

(d ) There  is  no  net  force  the  massless  cable,  so  the  force  that  the  shuttle  exerts  on  the  cable  must  be  80.0  N (this 
is  not  an  action- reaction  pair).  Thus,  the  ferce  that  the  cable  exerts  cm  the  shuttle  must  be  80.0  N. 

S°0S — ^ 8.S4xlO  4 m/s\ 
m 9.05x10  kg 

Evaluate:  Since  the  cable  is  massless  the  net  force  on  it  is  fro  and  the  tcnsxm  is  tbc  same  at  cf  h end. 
IDENTIFY  and  SET  Ur:  Take  derivatives  of  .vfrt  to  find  v and  a..  Use  Newloos  second  law  to  relate  tbc 


acceleration  to  the  net  force  on  tbc  object. 
Execute: 

(a)  x = (9.0x10*  mvV-t8.0-IO*m'iV 


When  / - 0.025  %.  x = (9.0xl0'  mV  *0.025  %)‘ -<8.0x  104  ml1  *0.025  *>'  - 4.4  m. 
The  length  of  the  barrel  must  be  4.4  m. 

(b)  V,  ■£La(l8.0xl0>  m'i!)i-(24.0»10*  m'*V 
dt 

At  f = 0.  v - 0 (object  starts  from  rest}. 

At  r - 0.025  s,  when  the  object  reaches  the  end  of  the  Kurd. 


v = (18.0x10s  nvs;)(0.025x)-(24.0x|04  mfe>MO.Q25  s>*  »300  ms 
(c)  Yf.  — nut  t . so  must  find  u.. 

a,  = — - IS.OxlO*  nvf  -<4S.0xl04  in'i'v 
dt 

(1)  At  1 = 0.  a,  - IR.OxlO'  mV  and  £F.  =(1.50  kgillS.0-  10*  m'i’)  = 2.7x10'  N. 

(ii)Al  1=0.025*.  a . =18x10'  mV -(48.0* 10'  nv*‘)(0.025  *)  = 6.0xl0‘  mV  and 
JV,  -<1-50  kg*6.0-IOl  mV')  = 9.0-10‘  N. 

EVALUATE:  The  acceleration  and  net  force  decrease  as  the  object  moves  along  the  band. 

IDENTITY : Apply  V F - ma  and  solve  for  the  mass  m of  the  spacecraft 
SET  UP:  w = mg  . Ld  +y  be  upward. 

Execute:  (u)  The  velocity  of  the  spacecraft  is  downward.  When  it  is  slowing  down,  the  federation  is  upward. 
When  it  is  speeding  up.  the  acceleration  is  downward. 

<bl  In  each  case  the  net  force  is  in  the  dirccticei  of  the  acceleration  Speeding  up:  w>F  and  tb:  net  force  is 
downward.  Slowing  down:  w<  F and  the  net  force  is  upwanl 
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(c)  Denote  the v- component  of  the  acceleration  when  the  thrust  is  Fx  by  ax  and  the  r corrponcnt  of  the 
acceleration  when  tlx  thru**  is  F2  by  a.  <i.  - 1-1.20  mi's*  and  a % - -D.SO  m s* . The  forces  and  accelerations  are 
tlien  related  by  F{  - u*  - mai%  F%  - w - ma:.  Dividing  the  first  of  these  by  the  second  to  eliminate  the  miss  gives 

— - — . and  solving  for  the  weight  w gives 

F>~*  *> 

w . Substituting  the  given  numbers,  with  +»•  upward,  mves 


<1  -20  m»’sJ  XI  0.0x10*  N)-(-4).S0  m/s*%K  25.0*10*  N>  ,fA  v. 

1.20  m/s*  -<-0.80  m/sJ) 

EVALUATE:  The  acceleration  due  to  gravity  at  the  surface  of  Mercury  did  not  rxed  to  be  found. 

IDENTIFY:  The  ship  and  instrument  have  tlx  same  acceleration  The  forces  and  acccleratxin  are  related  by 
Newton’s  second  law.  We  can  use  a constant  acccleratxin  equation  to  calculate  the  acceleration  from  the 
information  given  about  the  modem. 

SKI  L^P:  Let  -f  y be  upward.  Tlx  forces  on  the  instrument  an:  the  upward  tension  T exerted  by  the  wire  and  the 
downward  force  m*  of  gravity,  m * - tp#  - (6.50  kg)<9.80  m V)-  63.7  N 

EXECUTE:  (a)  The  free- body  diagram  is  sketched  in  Figure  4.47.  Tlx  acceleration  is  upward,  so  T > w . 
y - v,  - 276  m , / - 15.0  s.  v4t  - 0 . v-  y0  - »t ,/  + 1 gives  af  = — — — ^ 2.45  m's* . 

JV,  - nuj,  gives  f-  h* - ma  and  T - w-t  ma- 63.7  N + (6.50  kg #2.45  msJ ) = 79.6  N . 

EVALUATE:  There  must  be  a net  force  in  the  directum  of  tlx  acceleration. 

r 


I 


Figure  4.47 

If  the  rocket  is  moving  downward  and  its  speed  is  decreasing*  its  acceleration  rs  upward,  just  as  in  Problem  4.47. 
The  solution  is  identical  to  that  of  Problem  4.47. 

IDENTITY:  Apply  £f  - ma  to  the  gymnast. 

SET  UP:  The  Upward  force  on  the  gvmnasi  gives  the  tensxin  in  tlx  rope.  The  free  body  diagram  for  the  gymnast 
is  given  in  Figure  4.49. 

EXECUTE:  (a)  If  the  gymnast  clirrAis  at  a constant  rate,  there  is  no  net  force  im  the  gymnast,  so  the  tension  must 
equal  the  weight:  T - mg  . 

(b)  No  motxm  is  no  accelcralxin.  so  the  tensxin  is  again  the  gymnast’s  weight. 

(c)  T -v\  - T - mg  - /mi  - /rc|a|  (the  acceleration  « upward,  the  same  direction  as  tlx  tension I.  so  7 - m\g  -f  |u|i 

(d)  T - w - T - mg  - ma  - -m|n|  l the  acceleration  is  downward,  the  opposite  direction  to  the  tension  !,  so 
r,»(s-|a|>. 

EVALUATE:  When  six  accelerates  upward  the  tension  is  greater  than  Ixr  weight  and  when  she  accelerates 
downward  the  tensxm  is  less  than  her  weight. 


mx 

Figure  4.49 
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iDEAim:  Apply  Y /’  - irm  to  the  elevator  to  relate  the  force*  on  it  to  the  acccVrration 
(a)  SlT  Up:  The  free- body  diagram  for  tbc  elevator  is  sketched  in  Figure  4.50. 


The  rct  force  is  7*  - mg  t upward). 


Figure  4.50 

Take  the  -fy  direction  to  b:  upward  since  that  is  the  direction  of  the  federation  Tb:  maximum  upward 
acceleration  is  obtained  from  the  maximum  possible  tension  in  the  cables. 

Execute:  Y Ft  - mar  gives  T-mg-mu 


T -mg  28,000 N -(2200  kg>(9.80 m*1) 

‘ m 2200  kg 

(h)  What  changes  ix  tbc  weight  nt£  of  the  elevator. 
T-mg  28.000  N - (2200  kg  81 .62  mx%» 


2.93  mV. 


1 1.1  mV. 


»■  2200  kg 

Evaluate:  The  cables  can  give  the  elevator  a greater  acceleration  on  tb:  moon  since  the  downward  force  of 
gravity  ix  lexs  there  aixi  the  &imc  T then  givex  a greater  net  force. 

iDf.MIFN : I Ic  ix  in  free-fall  until  he  contf  is  the  ground.  Use  the  constant  acceleration  equations  and 

MP*y  Zr 

SET  UP:  Take  +y  downward.  While  he  is  in  the  air.  before  lie  touches  the  ground,  his  federation 
ix  af  - 9.80  m x* . 

Execute:  (u)  - 0 . y- y0  - 3. 10  m . and  41'  - 9.S0  m'iJ . = v!  +-  2a. (v - y$ ) givex 


v.  - J2a,(y  - y, ) - J2(9.S0  mV  )(3. 10  m>  ^ 7.79  m s 

|h>  v.,  = 7.79  m*.  v,  = 0.  »—  .v,  =0.60 m . vj  = i',  r2a,(y~yt)  gives 

n - — - — ■ ''  -50.6  m V Ihc  xcdcration  is  upward. 

’ 20-r.)  210.60  ml 

(cl  Tlic  free -body  diagram  is  given  in  Fig.  4.51.  F ix  the  force  the  ground  exerts  on  him. 

JV,  - mu,  gives  mg  - F - -i na  . F - m(g  -fa)  - <75.0  kgK9.80  m'sJ  -f  50.6  m.‘s ')  - 4.53  x 10*  N . upward. 

F 4.53x1  ON 


(75.0  lg HIM)  n»V> 


-6.16,  xo  / -6.16*  . 


By  Newton's  third  law.  the  force  his  feet  exert  on  tb:  ground  ix  -F  . 
EVALUATE:  The  force  the  ground  exerts  on  him  is  about  six  times  hr*  weight. 

F 


i 


"A 


Figure  4.51 

IDENTIFY:  Apply  Y /’  - ma  to  the  hammer  bead.  Use  a constant  acceleration  equation  to  relate  the  motion  to  the 
acceleration. 

SET  Up:  Let  +y  be  upward. 

Execute:  (u)  The  free* body  diagram  for  the  hammer  head  is  sketched  in  Figure  4.52. 

(b)  The  acceleration  of  the  hammer  head  ix  given  by  rj  - r 2tf>(y-iv)  with  vf  - 0 . v4|  - -3.2  m's*  aixl 
v - v,  - -0.0045  m . a - >£,  /2f  y -yv>  =•  (3.2  m/s)5  / 2(0.0045  cm)  - 1.138x  I0;  m/s5.  The  mass  of  tbc  hammer 
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head  is  its  weight  divided  by  g.  (4.9  N)'(9.80  m/s*)  - 030  kg  . and  so  the  net  force  on  the  hammer  head  is 
(0.50  kgMl  • 1 3K  x 10*  m fs3 ) - 570  N.  This  is  the  sum  of  the  forces  an  the  hammer  brad:  the  upward  force  that  the 
nail  exerts,  the  downward  weight  and  the  downward  I5*N  force.  The  force  that  the  nail  exerts  is  then  590  N\  and 
this  must  be  the  magnitude  of  the  force  that  the  hammer  bead  exerts  on  the  nail. 

(c>  The  distaixc  tlx  nail  moves  is  0.12  m.  so  the  accclcraticei  will  be  4267  m/s5 . and  the  net  force  on  the  hammer 
head  will  be  2133  N.  The  mignitudc  of  the  force  that  the  nail  exerts  on  the  hammer  bead,  and  hence  the  magnitude 
of  the  force  that  the  hammer  head  exerts  an  the  nail,  is  2 153  N.  or  about  2200  N. 

Evaluate:  For  the  shorter  stopping  distance  the  acceleration  lias  a larger  magnitude  and  the  force  between  the 
nail  and  hammer  head  is  larger. 


Figure  432 

IDENTIFY:  Apply  £ /*  - ma  to  some  portion  of  the  cable. 

SET  LtP:  Tbc  free  body  diagrams  for  the  whole  cable,  the  top  half  of  the  cable  and  the  bottom  half  are  sketched  in 
Figure  4.53.  The  cable  is  at  rest,  so  in  each  diagram  the  rxt  fcece  is  zero. 

EXECUTE:  (u)  The  net  force  on  a point  of  the  cable  at  tlx  top  is  zero;  the  tension  in  the  cable  must  be  cquil  to  the 
weight  w. 

(b)  The  net  force  on  the  cable  must  be  zero;  the  difference  between  the  tensions  at  the  top  and  bottom  must  be 
equal  to  the  weight  >»  and  with  the  result  of  port  l a),  there  is  no  tension  at  the  bottom. 

(c)  The  net  force  on  the  bottom  hxlf  of  tlx  cable  must  be  zero,  and  so  the  tension  in  the  cable  at  the  noddle  must  be 
half  the  weight,  wt  2 . Equivalently,  the  net  force  on  the  upper  half  of  the  cable  must  be  zero.  From  part  (a)  the 
tension  at  tbc  top  is  n\  tlx  weight  of  the  tap  half  is  ve/2  and  so  the  tcnsxm  in  the  cable  at  the  mxldlc  must 

be  w-  w72  - w/2  . 

(d)  A graph  of  T vs.  distance  will  be  a negatively  sloped  lmc. 

EVALUATE:  The  tcnsxm  decreases  linearly  from  a value  of  »»•  at  the  top  to  zero  at  tbc  bottom  of  the  cable. 


r r 


tor  loir 


tatftXll  hilt 


whole 

Figure  4 S3 

IDENTIFY : Note  that  in  this  problem  tlx  mass  of  the  rope  is  given,  and  that  it  is  not  negligible  compared  to  tbc 
other  masses.  Apply  £ F - to  ca:h  c4i|cct  to  relate  the  forces  to  the  aeceleratxm. 

(a)  SET  Up:  The  free- body  diagrams  for  each  block  and  for  tbc  rope  arc  given  in  Figure  4.54a. 
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Figure  4. >4  u 


Newton's  Laws  of  Motion  4-1? 


7]  is  the  tension  at  the  top  of  th:  rope  ami  7*,.  is  the  tension  at  the  bottom  of  the  rope. 

Execute:  (b)  Treat  the  rope  and  the  two  blocks  together  as  a single  object,  with  mass 
m - 6.00  kg  r 4.00  kg  ♦ 5.1X1  kg  - 15.0  kg.  Take  ry  upward,  since  the  acceleration  is  upward.  Th:  free  body 
diagram  is  given  in  Figure  4.54b. 

# 

| a F - mg  - uui 

F, 

- _ 200  N -<1S"  kg, 9.80  Is1) 

15.0  kg 

Figure  4.51b 

(c)Cansi&r  th:  forces  on  the  top  block  <«i  - 6.00  kg).  since  the  tension  at  the  top  of  the  rope  (7])  will  he  one  of 
these  forces. 


- mu, 

F-mg-r^ma 

r,mF-m(g-*a) 

r - 200  N - (6.00  kg  X9.S0  m,1*’  ♦ 3.53  m'i!  i - 1 20  N 


Figure  1.51c 


Alternatively,  can  consider  the  fences  on  the  combined  object  rope  plus  bottom  block  (m  - 9.00  kgk 

1 1-  ** 

IT  Tt  - mg  = mu 

• * r,=m<g  + a)-  9.00  kg|9 JiO  m'*; » 3.53  mi1  )=  120  N, 

1 which  checks 

Figure  4.54d 

(d)  One  way  to  do  this  is  to  consider  the  forces  on  the  top  half  of  the  rope  < m - 2.00  kg)  Ld  Tm  be  the  tension  al 
tlie  msdpaint  of  the  rcctc. 


; - r,  - ”w = 

r.  - r.  - m(g  •.  a)  = 1 20  N - 2.00  ku|9.80  nv*; » 3.53  mi1 ) = 93.3  N 


Figure  4.54c 

To  check  this  answer  we  can  alternatively  consider  the  fares  on  the  bottom  half  of  the  rop:  plus  the  lower  block 
taken  together  as  a combined  object  ( m - 2.00  kg  + 5.00  kg  - 7.00  kg  l: 


I';  — 

T - mg  - :it 

r.  - miff  *u|-  7.0D  kg|9.S0  mV  -f  3.53  mV)-  93.3  N. 
which  checks 


Figure  4.54f 
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4.55. 


4.56. 


EVALUATE:  The  tenuon  in  the  rope  is  not  constant  but  irxreascs  from  the  bottom  of  the  rope  to  the  top.  Tlie 
tension  at  the  top  of  the  rope  must  accelerate  tlv  rope  as  well  the  5.00*kg  block.  Hie  tension  at  the  top  of  the  rope 
is  less  than  F;  there  must  he  a net  upward  force  on  tlie  6.00* kg  block. 

iDEVim : Apply  Y F - m4  to  the  barbell  and  to  the  athlete.  Use  the  motion  of  the  barbell  to  calculate  its 
acceleration. 

Set  L’P:  Let  +y  be  upward. 

Execute:  (a)  The  free* body  diagrams  for  the  baseball  and  for  the  athlete  are  sketched  in  Figure  4.55. 

(hi  The  athlete's  weight  is  mg  - (90.0  k«>9.S0  m/s*)  -882  N . The  upward  acceleration  of  the  barbell  is  found 


tram  y - yv  - »*,  1 4-  yfl,/* . a%  - •. 


Vy-yJ  2(0.600  m l 


- 0.469  m s*  . Jhc  force  needed  to  litt  the  barbell  is  given 


(L6s)* 

by  Fkt  - wu-w|  - ma%  . Tbc  barbell’s  mass  is  (490  N)/(9.80  m sJ)  - 50.0  kg , so 
Flt  ^ trtir|  r ma  - 490  X -f  (50 « kg)ft>.469  m/sJ ) = 490  X + 23  X - 5 1 3 N . 

The  athlete  is  not  accelerating,  so  F^  - Fu  - = 0 . F^  = ♦ w^r  - 5 1 3 X + S82  N - 1 395  N . 

EVALUATE:  Since  the  athlete  publics  upward  on  the  barbell  with  a force  greater  than  its  weight  the  bartell  pushes 
down  on  him  anJ  the  normal  force  on  tbc  athlete  is  greater  than  tbc  total  weight.  1362  N.  of  the  athlete  plus 


barbell. 


B41KI. 


t *’#««♦» 

Figure  4.55 

IDENTIFY:  Apply  Y F - ma  to  the  halloon  and  its  passengers  and  cargo,  both  before  and  after  objects  are 
dropped  overboard 

SET  L’P:  When  the  acceleration  is  downward  take  -fry  to  be  downward  and  when  the  acceleration  is  upward  take 
■fy  to  be  upward. 

EXECUTE:  (u>  The  frcc-body  diagram  for  the  descending  balloon  is  given  in  Figure  4.56. 

L is  tbc  lift  force 

(b)  JF  - ma  gives  Mg  - L - A/lg.3)  and  L - 2.l/g.’3  . 

(c)  Now  -fy  is  upward.  so  L - mg  - rr|g/2).  where  m is  the  mass  remiimng. 

L - 2Wg/3  .so  w - 4.1/  .’9  . Mass  5A//9  must  be  dropped  overboard 

Evaluate:  In  part  (b)  the  lift  force  is  greater  than  the  total  weight  and  in  part  (c)  the  lift  force  is  less  than  lb: 
total  weight. 


Figure  4.56 
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4.57. 


4.58. 


4.59. 


4.60. 


4.61. 


IDENTIFY:  Apply  Y f - md  to  the  entire  chain  and  to  each  link. 

SET  UP:  m a miss  of  erne  link.  Let  +y  be  upward. 

Execute:  (u)  The  free- body  diagrams  are  sketched  in  Figure  4.57.  Flm.  is  the  force  the  top  and  middle  links 
exert  on  each  other.  is  the  force  the  middle  and  bottom  link*  exert  on  each  other. 

(b)(il  The  weight  of  each  link  i*  mg  - (0.300  kgX9.S0  m/s*)  - 2.94  N . Using  the  free -body  diagram  for  the 
whole  chain: 

F^-lmg  !2N-3(2  MS)  3.18  N (J 

a • 3.53  m * 

3m  0.900  kg  0.900  kg 

( ii>  The  top  link  also  accekratc*  at  3.53  m/s*  . so  - F^  - mg  - ma . 

- mig  *-a>  n 12  N - (0.300  kgXO.SO  m'»'  -t  3.53  mV ) - S.O  N . 

Evaluate:  The  force  exerted  by  the  middle  link  on  the  bottom  link  is  given  by  - mg  - ma  and 

Fr,fl  - m<#  ifl)-4.0N.  We  con  verify  that  with  our  result*  - mat  is  satisfied  for  the  middle  link 


•‘V 

la 

1- 

t 

I 

f ***  J 

-Vnv 

r 


V, 


wlKtkduin  tup  Ink  imlJL*  link  Rtlxn  link 

Figure  457 

IDENTIFY  : Calculate  a from  a - dlffdtl . Then  Fm  - md 
SetUp:  w-  mg 

EXECUTE:  Differentiating  twice,  the  acceleration  of  the  helicopter  as  a function  of  time  1* 
a • 1 0.120  m/s*lri  -(0.12  m/s*)4  and  at  / - 5.0s . the  acceleration  is  a -<0.60  m/s*)/ -(0.12  m/s*)A  . 
The  force  is  then 

■ . «•.  (2.75x10*  N) 

t - ma  - — a 


— _[<0.60m.'sJ)#:-(0.12  m/s* )£]"(! .7x10*  Ntf -(3.4x  10*  N \k 


g (9.80  m/s  ) 

EVALUATE:  The  force  and  accekration  are  in  tlie  same  direction.  They  arc  both  tinx  dependent. 

Ideniify:  F - ma  and  a - — — 


Setup:  — '* 

dt 

EXECUTE:  The  velocity  a*  a function  of  time  is  vt(/>  - A - 3 tit'  and  the  accekration  as  a function  of  time  is 
ff.(f)-  . and  so  the  force  a*  a function  of  time  is  f.ff)  - ma{!)  - . 

EVALUATE:  Since  the  acceleration  is  along  the  x-axis.  the  force  is  along  the  v- Axis. 

IDKMIFY : i - Fim  . »;  - r,  ♦ J ddt . 

Set  Up:  r,  - 0 since  tie  object  i*  initially  at  rest. 

Execute:  *</>  - — f Fdt- 1|  k/i  + th4 } I . 

mIv  Ail  V 4 ) 

EVALUATE:  F ha*  both  i and  y components,  so  r develops  v and y competent*. 

Identify:  Follow  the  steps  specified  in  the  problem. 

SET  Up:  The  chain  rule  for  dilfcrentutinu  says  - —ill  - — »• . 

dt  dx  di  dx 
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4.62- 


^ dv 

Ext  CUTE:  (a)  The  equation  of  motion,  —CY*  - tn — cannot  be  integrated  with  rcs|>rct  to  time,  as  the  uninown 

dt 

tune  t ion  i(f)  rs  part  of  the  integrand.  The  equation  must  be  separated  before  integration:  that  it,  - — dt  - — - and 

m v' 

a i 

m v v0 

where  vu  is  the  constant  of  integration  that  gives  v - v,  at  / - 0 . Note  that  this  form  shows  that  if  vu  - 0,  there  is 

no  motxm.  This  exfeestaon  may  be  rewritten  as  v 1 — - — 

dt 

winch  may  be  integrated  to  obtain  i - xt.  - — In  1 1 -f | . 

To  obtain  .y  as  a function  of  v the  time  / must  tv  eliminated  in  favor  of  i;  from  the  expression  obtained  after  the 

Ov,  i’.  m.  ( i;, si 

lirst  integration. -I , so  x- x,  - —ln(  — , 

mv  C V v > 

(l>)  Applying  the  ehiin  rule.  Yf  - m—  - an* — • U»ng  the  given  expression  for  the  net  force. 

“ dt  dx 

-CY*  - j i—  ; nt . dx  - — . Integrating  gives  <x  - .y(i)  - In  J — j and  * - x%  - £lln|  — J 

Evaluate:  Iff*  is  positive,  our  expression  for  v(r|  shows  it  decreases  from  its  valix  of  v;  . As  \ decreases,  so 
does  the  acceleration  and  therefore  the  rate  of  dcercase  of  v. 

I DE\  Ilf\:  x - j \kdt  and  vt  - j ctdt . and  similar  equations  apply  to  the  y •component. 

SET  UP:  In  this  situation,  the  x*cocnponcnt  of  force  depends  explicitly  on  the  ^component  of  position.  As  the  > • 
component  of  force  is  given  as  an  explicit  function  of  time,  v and  y can  he  found  as  functions  of  time  and  used  in 
the  cxprejcsion  for  o4(i). 

Execute:  u.  - (*; /«)#  . so  i,  - (*, 2m)(:  and  V - {kJ6m)ll . where  the  initial  conditions  v0t  - O.y,  - 0 have 

been  used.  Then,  the  expressions  for  a ,v  and  .r  arc  obtained  as  functions  of  time:  tr  - — t ——■/* . 

m 6m* 

v-il, 


2m  I2Qb 


n vector  form,  r ' 1/  *1  — rJ  j 

1 2m  I2(W  J Urn 


ind  r-l 

m 24fli 


EVALUATE:  a depends  on  time  because  it  depends  on  \\  and  \ is  a function  of  time. 
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5.1.  IDENTIFY:  a - 0 for  each  object.  Apply  / Ft  - met'  to  e»:h  weight  and  to  the  pulley. 

si:r  UP:  Take  + v upward.  The  pulley  las  ineligible  miss.  Let  7,  he  the  tensievi  in  the  rope  and  let  T be  the 
tensicei  xn  the  chain. 

Execute:  tat  The  tree-bod)'  diagram  for  each  weight  is  the  same  and  is  given  in  Figure  5.  la. 

- nujt  gives  Tt  - w - 25.0  N . 

<h)  The  free-body  diagram  for  the  pulley  is  given  in  Figure  5.1b.  T - 2T,  - 50.0  N . 

Evaluate:  The  tension  is  the  same  at  all  points  along  the  rope. 


Figure  5.1a.  b 


5.2.  IDENTIFY:  Apply  V F - ma  to  each  weight. 

SET  UP:  Two  fceccs  act  on  each  mass:  tv  down  and  /*(-  tv)  up. 

Execute:  In  all  cases,  each  string  is  supporting  a weight  * against  gravity,  and  th:  tension  in  each  string  is  w. 
EVALUATE:  The  tension  is  the  same  in  all  three  cases. 

5.3.  IDENTIFY:  Both  objects  are  at  rest  and  a - 0 . Apply  Newton’s  first  law  to  the  appropriate  objccL  The  maximum 
tcnsicoi  Timd*  is  at  tlx  top  of  the  chain  anti  the  minimum  tension  rs  at  the  bottom  of  the  chain. 

SET  UP:  Let  +y  be  upward.  For  the  maximum  tension  take  the  object  to  be  the  chain  plus  the  hall.  For  the 
minimum  tension  take  the  object  to  he  the  ball.  For  the  tension  T three*  fourths  of  the  way  up  from  the  bottom  of 
the  chain,  take  the  chain  below  this  pnint  plus  the  ball  to  be  the  object.  The  tree-body  diagrams  in  each  of  these 
three  cases  are  sketched  in  Figures  5.3a.  5.3b  and  5.3c.  mu  - 75.0  kg  -t  26.0  kg  - 101.0  kg . mt  - 75.0  kg  . nr  is 
the  mass  of  three  fourths  of  the  chain:  »i  - i|26.0  kg)  = 19.5  kg  . 

EXECUTE:  (ii)  From  Figure  5.3a*  £/\  ^Ogives  -irvj?-0and  7^  -(101.0  kg)|9.S0  mV)  - 990  N . 
From  Figure  5.3b.  -Ogives  Tms  - Oand  -<75.0  kgX^.HO  m s*')  - 735  N . 

<b)  From  Figure  5.3c.  - Ogives  T -(m-f  m %)g  - Oand  T -(19.5  kg  + 75.0  kg'tf9.S0  ms*)  - 926  N . 


5-1 
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EVALUATE:  The  tension  in  the  chain  mcrea«s  linearly  fn>m  the  bottom  to  tl>r  tern  of  the  chain. 


■V**  T»bs*M 
Figure  5.3a 


5.4.  I DEN  iitn  : Apply  Newton’s  1st  law  to  the  person.  Each  half  of  the  rope  exerts  a force  on  him.  directed  alone  the 
rope  and  equal  to  the  tension  7 in  the  rope. 

SET  L’P:  I a I The  force  diagram  for  the  person  is  given  in  f igure  5.4 

Ji*a*  ] 7,xr# 

/ 


T ! and  T1  are  the 
tensions  in  each  half  of 
the  rope. 


Figure  5.4 

Execute:  £/4&0 
7\cas0-rcos0-O 

This  saiys  that  T - 7%  - 7*  (The  tension  is  the  sanx:  on  both  sides  of  the  person.) 

1^0 

7>in0t  r sintf  - mg  - 0 
But  7,  - 7.  - T . so  27 sin0  - my 

r mg  iW.0kgll9.S0mV  I 
2%in0  2 sin  10.  CP 

<l>>  The  relation  27 sintf  - my  still  applies  but  now  we  are  given  that  7 - 2.50x  104  N (the  breaking  strength)  and 
are  asked  to  find  0. 

0=1.01°. 

27  2(2.50x10  N) 

Evaluate:  7 - mg/(2sintf)  says  that  7 =mgtl  when  0 = 90°  (rope  is  vertical). 

T-tx  when  0 -»  0 since  th:  upward  coirpixvent  of  the  tension  becomes  a srmller  fraction  of  the  tension. 

5.5.  IDENTIFY:  Apply  y F - ma  to  the  frame. 

SET  L’P:  Let  u*  h:  the  w eight  of  the  frame.  Since  the  tw  o wires  make  the  same  angle  with  the  vertical,  th:  tension 
is  the  same  in  each  wire.  7 - 0.75w  . 

EXECUTE:  Hie  vertical  component  of  the  force  due  to  the  tenuon  in  each  wire  must  be  hilf  of  the  weight,  arel 
this  in  turn  is  the  tension  multiplied  by  the  cosine  of  the  angle  each  wire  makes  with  the  vertical. - — co*0 


and  0 - arccosi  - 48°  . 

Evaluate:  If  0 - 0° , 7 - vr/2  and  7 -♦  x as  0 -+  90°  . Therefore,  there  must  be  an  anulc  where  T - 3w/4  . 
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5.6.  iDFVIltY : Apply  Newton’s  1st  law  to  the  car.  Tlx  forces  are  the  same  as  in  Lxample  5.5. 
SKI  UP:  The  free  body  diagram  is  sketched  in  Figure  5.6. 


EXECUTE: 


Tcosr/  -ns\na  -0 
r cosr/  - n sin  a 

ZF,~aa. 

ncoui  + 7*  sin  a-  t»  — 
osr/  1 7* sin  a - w 


Figure  5.6 


The  first  equation  gives  n - 7 1_ 111 

sit;  u 


Use  this  in  the  second  equation  to  eliminate  n 


cos  a t r sin  a - m 


Multiply  this  equation  by  sin  a: 

7(cos*  a + an*  r/)  = sin  a 

T — u sin/?  (since  cos*  a + sm*  a - I ). 

—)  cos  a I . I cosr/  I 

Then  n - J - u sin/?  - wcosr/. 

V smr/  ; ‘ sin//  ) 

EVALUATE:  These  results  arc  tlx  same  as  obtained  xn  Example  5.5.  He  choice  of  coordinate  axes  is  up  to  us. 
Sonx  choices  may  mike  the  calculation  easier,  but  the  results  arc  tlx  same  foe  any  choice  of  axes. 

5.7.  IDENTIFY  : Apply  Y/  -tna  to  the  car. 

SKI  UP:  Use  coordinates  with  +.r  parallel  to  the  surface  of  the  street. 

EXECUTE:  « Ogives  T = wuna . F = mg%inO -(UWkgK^KOmVIsmn.r^^lOxlO1  N . 

EVALUATE:  The  force  required  rs  less  thin  the  weight  of  the  car  by  the  factor  sin  a . 

5.8.  iDFvntY : Apply  Newton’s  1st  law  to  the  wrecking  ball.  E*:h  cable  exerts  a force  on  the  ball,  directed  along  the 
cable. 

SKI  Up:  The  force  diagram  fee  tlx  wrecking  ball  is  sketched  in  Figure  5.8. 


rft  cm  vf 


r sin  41/* 


Execute: 

(»)  yi\ 


1 inure  5.8 


,4090 lg„9.«0  ,,V->  iS23|<|0'N 

cos 40°  cos 40 : 

<b>  JV.  - nia, 

Tg*m4W-Tam0 
TA*TgmW -3.36x10*  N 

Evaluate:  If  the  angje  40-  is  replaces  by  0°  (cable  B is  vertical  L then  Ty  - mg  and  Tt  - 0. 
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5.9.  I DIM  it  v : Apply  V F - tna  to  the  object  aixl  to  the  knot  where  the  coeds  are  joined 

SET  UP:  Let  +y  be  upward  and  rx  be  to  the  right. 

Execute:  (u)  Tt  = u\  TA  sin30°i  T,  sin  45-  - Tt  - w\  and  Tt  cos 30-  - T,  cos 45 • - 0.  Since  sin  45°  - ccs45* 
adding  tlx*  last  two  equation*  gives  r4(cos3<T  + sin  30°)  - w>  and  so  Tt  - — — - 0.732 n.  Then. 

r.  = r,^lll= 0.897 h. 
co*45 

<b>  Similar  to  part  t a).  L - vc,  - 7\cos60:  + 7\sin45c  - w.  and  7\*in60°- rAco*45°- 0. 


Adding  these  two  euuatxms.  T 


sin  60° 

- 2.73w.  and  Tk-T( 3.35  w. 


(sin 60 '“cos 60  ) " cos45 

CVA14IATE:  In  part  (ak  T,  + 7*rf  > w since  only  the  vertical  components  of  Tt  and  Tv  hold  the  object  against 
gravity.  In  part  (b).  since  Tt  his  a downward  component  TM  is  greater  than  w. 

5.10.  I DIM  in : Apply  Newton’s  first  law  to  the  car. 

SET  UP:  Use  x and  p coordinates  that  an:  parallel  and  perpendicular  to  the  ramp. 

EXECUTE:  (u)  The  free- body  diagram  for  the  car  is  given  in  figure  5.10.  The  vertical  weight  w and  the  tension  T 
in  the  cable  have  each  been  replaced  by  their  x and  y coir^ioncncs. 

<l»  Y F -Ogives  rcos31.0'-wsin  25.0’ -0  and  T - w— - (H30  kg)f9.&0  mV  t <in  25  ° - 5460  N . 

~ co»3 1.0  cos  3l.(r 

(c>  yp,  = 0 gives  n * 7 sin  3 1 .0°  - wear  25.0°  - 0 and 

n - u cos 25.0°  - r sin 3 1.0'  (1 1:10  kg)|9.S0  m/s:)co*2S.0&-<5460  N)sin31.0‘  ^ 7220  N 

EVALUATE:  Wc  could  also  use  coordinates  that  are  horizontal  and  verticil  and  would  obtain  the  same  values  of  n 
and  T. 


5.1 1.  IDENTIFY:  Since  the  velocity  is  constant,  apply  Newton's  first  law  to  the  piano.  The  push  applied  by  th:  nun 
must  oppose  the  component  of  gravity  down  the  incline. 

SET  UP:  The  tree-body  diagrams  for  the  two  cases  arc  shown  in  figures  5. 1 la  and  b.  F is  the  force  applied  by 
the  man.  Use  the  coordinates  shown  m the  figure. 

Execute:  (u>  JV.  = Ogive*  f -»wnll.0°=0and  F-(18Okg)(9.80nVi')*inll.0°=337  N . 

<b>  ]T/-'  -Ogive*  nco*l  1.0°—  »•  = 0 and  a-- — -Ogive*  F -nrinl  l.O'-Oand 

- jiml  1.0°  — ulan  1 1.0°  = IMS  N . 

IculMr/ 
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EVALUATE:  A slightly  greater  force  is  required  when  tbc  rmi  pushes  parallel  to  the  floor.  It* the  dope  angle  of 
the  incline  wen:  larger,  sinr/  and  tan  a would  differ  more  and  there  would  be  more  difference  xn  the  force  needed 
m each  cast. 


[*idn  pn;rl.*l  li»  Am*- 


Figure  5.1  la,  b 


IDEMUY:  Apply  Newton’s  1st  law  to  the  hanging  weight  and  to  each  knot.  The  tcnsxm  force  at  e*:h  end  of  a 
stnng  is  the  same. 

(a)  Let  the  tensions  in  the  three  string*  be  7*.  T\  and  T"%  as  shown  m fieure  5.12a. 


Figure  5.l2u 

SET  L’P:  The  tree-body  diagram  for  the  block  is  given  in  figure  5.12b. 


EXECtTf: 

Zr. 

r- w-o 


Figure  5.12b 

SET  UP:  Tbc  free  body  diagram  for  the  lower  knot  xs  given  xn  Figure  5. 12c. 


EXECUTE: 

r%in45°-r  -0 

r-_L-«“£IU«.9N 


sin  45°  sin  45 
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(bl  Apply  -0  to  the  force  diagram  for  the  lower  knot: 

2»o 

F3  = 7*cos45°  = (H4.9  N)cck45°  = 60.0  N 

SET  UP:  The  free  body  diagram  for  the  upper  knot  is  given  in  Figure  5.1 2d 

Exec vie: 

lr.-° 

r co*45° -f;*o 
F{  - (84.9  N)co*45 
F ^ 60.0  N 


Note  that  Fx  - Fy 

Evaluate:  Applying  - 0 to  the  upper  knot  gives  - 7\%in45°  - 60.0  N - h.  If  we  treat  the  whofc 
system  ax  a single  ohjcel.  the  force  diagram  is  uiven  in  Figure  5.12c. 


y r - 0 give*  F.  - Fl%  which  ehecki 
- 0 give*  V - w.  w hich  cheeks 


IDENTIFY:  Apply  Newton’s  first  law  to  the  ball.  The  force  of  the  wall  on  the  ball  and  the  force  of  the  hall  on  the 
wall  arc  related  by  Newton's  thin!  law. 

SET  UP:  The  forces  on  the  ball  are  its  weight,  the  tension  in  the  wire,  and  the  normal  fcccc  applied  by  the  wall. 

To  calculate  the  angle  0 that  the  win:  makes  with  the  wall,  use  Figure  5. 13a.  sin  4 and  0 - 20.35° 

46.0  cm 

EXECUTE:  (a>  The  Free* body  diagram  is  shown  in  Figure  5.13b.  Use  the  x and  r coordinates  shown  in  the  figure 

Tf. ogt™ r-SL.^0 WW>.470N  ' 

^ ' cos*  cos 20.35 

|b  > ^Ft  - 0 gives  Tsin  * - it  - 0 . n-(470N  )sin  20.35°  = 163  N . By  Newton's  third  law.  th:  force  the  bull 
exerts  on  the  wall  is  163  N.  directed  to  the  right. 


E VALLATE:  rr 


cos* 

decreases  and  n dcvreujcs. 


rin*  - if  tan  o • As  the  angle  * decreases  (bv  increasing  the  leneth  of  the  wirck  T 


30  CTO 


***£ 


Figure  5.13a.  b 

IDENTIFY:  Apply  V F - ma  to  each  block,  a - 0 . 

SETUP:  Take  +v  pcnvnihcular  to  the  incline  and  f x ixirallcl  to  the  incline. 
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Execute:  Hie  frcc-body  diagrams  fi>r  exh  block.  A and  B%  arc  given  in  Figure  5. 14. 

(a)  Foe B.  y f -tfiir,  gives  T{  -wsinr/  -0  and  7[  - toxina  . 

(b)  For  block  A . yf  - nw.  gives  7]  - T}  - wsinr/  - 0 and  7*%  - 2^  sin  a . 

(c)  /*’,  - nujf  for  each  block  give*  nA  - nA  - wcosa . 

(d)  For  a -t  0,  7;  « T}  -t  0 and  ;i4  - nk  ->  w . For  a -+90  \ Tt  - vr%  T2  - 2w  and  nt  - n#  = 0 . 

EVALUATE:  The  two  tensions  arc  different  but  the  two  normal  forces  arc  the  sanx 


Figure  5.14a.  h 


5. 1 5.  I DEV  Iin : Apply  Newton’x  firxt  law  to  the  ball.  Treat  the  ball  a*  a particle. 

SET  UP:  The  forces  on  the  hall  are  gravity.  th:  tension  in  the  win:  and  the  normal  force  exerted  by  the  surface. 
The  normal  force  is  perpendicular  to  the  surface  of  the  ramp.  Use  x and  y axes  that  are  horizontal  and  vertkral. 
EXECUTE:  (u)  The  frec-body  diagram  for  the  hall  is  given  in  Figure  5.15.  The  normal  force  lias  been  replaced  by 
its  r and  y con^wnents. 

< l>>  T F - Ogives  /icos35.0;-h  - (land  n — — - 1 .22uii?  . 

’ cos  35.0 

(c>  JV,  -Ogives  T - nsin35.0&  - Oand  7 - <\.2Zmg)  sin  35.0° -O.TOOwj: . 

Evaluate:  Note  that  the  nonml  fcece  is  greater  than  the  weight,  and  increases  without  limit  as  the  angle  of  the 
ramp  increases  towards  90’ . The  tension  in  the  wire  is  wtan^ . where  d **  the  angle  of  the  ramp  and  T also 
increases  w ithout  limit  as  ^ 90 ° . 


Figure  5.15 


5.16.  iDEvntY:  Apply  Newton’s  second  law*  to  th:  rocket  plus  its  contents  and  to  the  pxiwer  supply.  Both  the  rocket 
and  the  power  supply  have  the  same  acceleration 

SET  L!P:  The  free  body  diagrams  6>r  the  rocket  and  for  the  power  supply  are  given  in  Figures  5.16a  and  b.  Since 
the  highest  altitude  of  the  rocket  is  1 20  m.  it  is  near  to  the  surface  of  th:  earth  and  there  is  a downward  gravity 
force  on  each  object.  Let  +v  be  cpwand.  since  that  is  the  directxm  of  the  acceleration.  The  power  supply  has 
ma«  m„  =(155  N)/<9.80  m s1)  = 1.58  kg 
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Execute:  (u)  ]T  F,  - mu.  applied  to  the  rocket  gives  F - m,g  - . 

a /,-^-1?20X-|i:5  3^, 

« 125  kg 

<b|  yf.  - flftj.  applied  to  the  power  supply  gives  n - . 

n - *V<£  + 0)  -(158  kg >9.80  m/sJ  + 3.96  in's*)  - 21.7  N . 

Evaluate:  The  acceleration  i.s  constant  while  the  thrust  is  constant  and  the  normal  force  is  constant  while  the 
acceleration  is  constant.  The  altitude  of  120  m is  ixit  used  in  the  calculation. 


Figure  5.16a.  b 


lut.MitY : Use  the  kinematic  information  to  find  the  acceleration  of  tlx  capsule  and  the  stopping  time.  Use 
Newton's  second  law  to  find  the  force  Fthat  the  ground  exerted  on  the  capsule  during  the  crash. 

SKT  UP:  Let  + y he  upward.  3 1 1 km  h - K6.4  in  s . The  fnre-hody  diagram  for  the  capsule  is  given  in 
Figure  15.17. 

Execute:  v->J--O.SIOm  . v.,  = -86.4mS.  v -0.  v'  -if *2a,(y-yt)  give* 


0-(-S6.4  mVr 


- 4610  m '*1  =470? . 


Ay-y,)  2(-o.sio)  m 
(b)  Vf  - mi  applied  to  the  capsule  gives  F - mg  - mu  aixl 
F=mfg  -t  a)  = (210  kgX9.S0  mV  . 4610  in  V>  = 9.70x  10'  N -471m. 

,c>  V-  v.  = f ^11 I,  gives  , = fciii  - ■2<-<,,l0">  = 001X7  s 
{ 2 ) v^  + v,  -H6.4m's‘+0 

EVALUATE:  The  upward  force  exerted  by  the  ground  is  much  larger  than  the  weight  of  tlx  capsule  jnd  stops  the 
capsule  in  a short  amount  of  time.  After  the  capsule  has  come  to  rest,  the  ground  still  exerts  a force  m#  on  the 
capsule,  but  the  large  9.(0*  10'  N force  is  exerted  only  for  0.0187  s. 


4 


Figure  5.17 

iDEMltY:  Apply  Newton’s  sccceid  law*  to  tlx  three  sleds  taken  together  as  a composite  object  and  to  each 
individual  sled.  All  three  sleds  have  the  sanx  horizontal  acceleration  a. 

Sl'.X  UP:  The  tree-body  diagram  for  the  three  sleds  taken  as  a composite  object  is  given  in  Figure  5.18a  and  for 
each  individual  sled  in  Figure  5.  IHb-d.  Let  -f.v  be  to  the  nght.  in  the  direction  of  the  accelcratxnv  - 60.0  kg 
EXECUTE:  (u)  F,  - nil?,  fee  the  three  sleds  as  a composite  object  gives  P - mula  and 
r 125  N 
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(b)  JV.  - u\a,  applied  to  the  10.0  kg  sled  gives  P-TA-  m[%a  and 

Ta  -P-mi%a  - 125  X -(10.0  kg||2.0S  mV)  - 104  N . Y F,  - mat  applied  ti>  the  30.0  kg  sled  gives 
7|  - mM/i  - (30.0  kg)l  2.08  mV)  - 62.4  N . 

Evaluate:  If  we  apply  y /•*  - nw  to  the  20.0  kg  sled  and  calculate  a from  Tt  and  Ty  found  in  part  (b).  w e get 

r-r  104  N -62.4  N 


r.  - 7.  ^ m,.a  .a 


- 2. OK  m s‘ . which  agrees  with  the  value  we  calculated  in  part  ia). 


ICO  is  lied 


20.0  kg 


XLOkedtxfl 


Figure  5.18a  d 

IDEVIIFY:  Apply  y / - ma  to  the  load  of  bricks  and  to  the  counterweight.  The  tension  is  the  sanx  at  each  end 
of  the  rope.  The  rope  pulls  up  with  the  same  force  ( T ) on  the  bricks  and  on  the  counterweight.  The  counterweight 
accelerates  downward  and  the  bocks  federate  upward:  these  accelerations  have  the  same  magnitude. 

(a)  SET  IIP:  The  fiec-bodv  diaurains  for  the  bncks  and  counterweight  arc  given  in  Figure  5. 19. 


Lr 


Figure  5.19 

|b)  EXECUTE:  Apply  - nujf  to  each  object.  The  acceleration  magnitude  is  the  sanx  for  the  two  objects. 
For  the  bricks  take  +y  to  he  upward  xiixc  a fee  the  brxks  is  upward.  For  the  counterweight  take  +y  to  be 
downward  since  a is  downward. 
bricks:  y Fm  = ntn 

T - mtg  - iiVjff 

counterweight:  y V - rw 
m.g  - T - m,a 

Add  these  two  equations  to  eliminate  T: 

(m,  -m.)g  - (m.  + «.  I a 


\ m:.  - mx  ^ 28.0  kg  -15.0  kg 

l '**•*,  15.0  kg  (-2S.0  kv 


(9.80  in'**')  = 2.96  mV 


(c)  T-m{g-mx<2  gives  T - r g)  - (15.0  kg)(2.96  m s’  r 9.80  m sJ)  - 191  N 
As  a check,  calculate  T using  tlx  other  equation 

m.g -T  - m.a  gives  T - m^g -a)- 28.0  kg(9.S0  xn7»J  - 2.96  mi')  - 191  N,  which  checks. 


510  ChiaplerS 


5.20. 


5.21. 


Evaluate:  The  tension  is  I JO  times  the  aright  of  the  brxks;  this  causes  the  bricks  to  accelerate  upward.  The 
tension  it  0.6%  times  th:  weight  of  the  counterweight:  this  causes  the  counterweight  to  accelerate  downward.  If 
ml  - a - 0 and  7*  - mtg  - irt,g.  In  this  special  case  th:  objects  don’t  move.  If  m - 0.  a - g and  T - 0;  in 
this  special  case  th:  counterweight  is  in  tree  fall.  Our  general  result  isconcct  in  these  two  special  eases. 
iDEAlltY:  In  part  (a>  use  tlie  kinematic  information  and  the  constant  accelcratKm  equations  to  calculate  the 
iccckration  of  the  ice.  Thm  apply  V F - ma  . In  port  lb)  u«  V F “ md  to  lind  the  acceleration  and  use  this  in 
the  constant  acceleration  equations  to  find  th:  final  speed. 

SET  UP:  figures  5.20a  and  b give  the  free -body  diagrams  fee  the  ice  both  with  and  without  thclxm.  Let  -fa  be 
directed  down  the  ramp,  so  •* y is  pcryendicuLii  to  the  ramp  surface.  Lei  # be  the  angle  between  the  ramp  and  the 
horizontal.  Th:  gravity  force  has  been  replaced  by  iLs  .r  and  y ccvnpoocnL*. 

Execute:  (in-i.-l.50m.  r.-0.  v,-250m*.  v‘ + 2ff.fr- ig)  civet 


( 2, SO  mil' -0 
211.50  ml 


(5-12.3“ . 

Ih>  ~ma-  8iv»  = ""'I 

mg  tin*- / (8.00  kgMI.SO  m.'s1)«nl2.3e-IO.O  X 


-•is  ms*  . -mu  gives  w^sin#  - ma  and  sin#-— 


m s 


1.838  mi' . 


Then  r-*..  — 1.50  m . i.  - 


8.00  kg 

- 0.83S  m s*  and  vj  = + 2a  (x  - > gives 


v.  ^ J2a.(x-xt)  - ^2(0.838  m'sJ)(1.50  m)  =1.59  ms 
Evaluate:  With  friction  present  the  speed  at  the  bottom  of  the  ramp  rs  la*. 


V 


K inure  5.20a.  b 

Idem  nv : Apply  V F — md  to  each  block.  Each  block  has  the  same  imgiutude  of  accelcratKm  a. 

SET  L’P:  Assume  the  pulley  is  to  the  right  of  the  4.01  kg  block.  Here  is  tw  friction  force  on  the  4.00  kg  block, 
the  only  force  on  it  is  the  tension  in  the  rope.  The  4.00  kg  block  tlvreforc  accelerates  to  the  right  and  th:  suspended 
block  accelerates  downward  Let  t-a  h:  to  the  right  for  the  4.00  kg  block,  so  for  it  ak  - a . and  lei  +v  be 
downward  for  the  suspended  block,  so  for  it  a t - a . 

EXECUTE  (u)  The  tree-body  diagrams  for  each  Mock  are  given  in  Figures  5.2 1 a and  b. 

(b)  - mat  applied  to  the  4.CO  kg  blcck  gives  T - (4.00  kg  to  and  a - ^ ^ | ^ ^ - 2.50  ms*’  . 

(c)  £/•’,  - mat  applied  to  the  suspended  block  gives  mg  - T = ma  and 

T 10.0  N .... 

m - ■ 1.3?  kg  . 

g-a  9.80 mV  - 2.50  m'sr 

( <1  > The  weight  of  the  hanging  block  is  mg  - (1 37  kg  H 9-80  mV)  - 13.4  X . This  is  greater  thin  the  tension  in  the 
rope;  T - 0.75/wr  . 
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Evaluate:  Since  the  hanging  Mock  accelerates  downward.  the  net  force  on  this  block  must  be  downward  ami 
the  weight  of  the  hanging  block  must  be  greater  than  the  tension  in  tb:  rope.  Note  that  tb:  blocks  accelerate  no 
matter  how  small  in  is.  It  is  not  necessary  to  have  m > 4.00  kg . and  in  tael  m thrs  problem  in  is  less  than  4.00  kg 


Li  I 


’ '■ 


f igure  5.2 1 a.  b 

iDLMin : l a I Consider  both  gliders  together  as  a single  object,  apply  V /’*  - ma  . and  solve  for  a.  Use  a in  a 
constant  acceleration  equation  to  find  the  required  runway  length. 

(b)  Apply  - md  to  the  second  glider  and  solve  for  the  tension  7*(  m the  tovvropc  that  connects  the  two 
gliders. 

SET  UP:  In  part  (ah  set  the  tension  T.  in  the  tovviupe  between  the  plane  are!  the  first  glider  equal  to  its  maximum 
value.  7; -12.000  N. 

EXECUTE:  (a>  The  frcc-body  diagram  fee  both  gliders  as  a single  object  of  mass  2m  - 1400  kg  is  given  in  Figure 

5.22a.  V F - mu  give.  T -2/  - (2/nla  and  j — IL  1£- " V 5.00  m'%! . Then 

Z-  ‘ • 6 ' 2m  1 401)  kg 

a, -5.00m&*,  v,  ^0  and  i -J0m<  in  -2a  iv-x,>  gives  (»-»,>- v-  "*■•  -160m. 

M 

(bf  The  tree-body  diagram  fee  the  second  glider  is  given  in  Figure  5.22b. 

JV4  ^ ma,  gives  Tv-  f -ma  and  T - f + - 2500  N (700  kgX5.00  m'f)  - 6000  N . 

EVALUATE:  We  can  verify  that  ma.  is  also  satisfied  for  the  first  glider. 


Figure  5.22a.  b 

IDLVIIPX : The  maximum  tension  in  the  chain  is  at  the  top  of  the  chain.  Apply  ^ F - ma  to  the  composite 
object  of  chain  and  boulder.  Use  the  constant  acceleration  kinematic  equations  to  relate  the  acceleration  to  the  time. 
SET  UP:  Let  -t  v be  upward.  The  tree-body  diagram  for  the  composite  object  is  given  in  Figure  5.23. 
7*»2.50n^.  fM-™w.*mfc^  = l32S  kg. 

T - w, g 2.50m . e - m^g  I 2.50m. 


Execute:  (u)  j^F,  - rw.  gives  T -m^g  - m 


. a 


V.'. 


2.5<HS7S  kg  1 
1325  kg 


-I  (9.80 m'*J) - O.B32 nWs1 . 
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(b)  Awumc  the  acceleration  has  its  maximum  value:  a - 0.832  mV  , v—  iv  - 125  m and  i.  - 0 . 


V " y4  “ + 7a,r  Bivr*  1 


-17.3, 

U a VO.S32mV 


Evaluate:  The  tenwm  in  the  chain  is  T - 1.4 1 x 104  N and  the  total  weight  is  1.30x  I04  N . The  upward  force 
exceeds  th:  downward  force  and  the  acceVrration  is  upward. 


, t 


Figure  5 £3 

iDLMItY:  Apply  V /’*  “ »ia  to  the  composite  object  of  elevator  plus  stu&nt  ( mk4  - SSO  kg  ) and  also  to  the 
student  (ir-  550  N |.  The  elevator  and  the  student  have  the  same  acceleration. 

SET  UP:  Let  + v be  upward.  The  tree-body  diagrams  for  the  composite  object  and  for  the  student  are  given  in 
Figure  5.24a  and  b.  T is  the  tension  in  the  cable  arxl  n is  the  seaV:  reading,  the  normal  force  the  scale  exerts  on  the 
student.  The  mass  of  th:  student  is  nr  - wfg  - 56.1  kg . 

Execute:  <u)  = /?w  applied  to  the  student  gives  n - mg  - maf . 

a - 1 L • - 1 .78  m s*  . The  elevator  has  a downward  acceleration  of  1 .78  m's*  . 

' »i  56.1kg 

670  N -550  N . 

(b)  at  = 2.14  mV. 

56.1kg 

(c)  n - 0 means  <7,  = -g  . The  student  should  worTy;  the  elevatee  is  in  free- tall. 

(d)  yf.  - flftj,  applied  lo  tlie  comp  twite  object  gives  T -»ik<g  - . T -t  g).  In  part  (al. 

T = (S50  kg  It  - 1 .78  mV  + 9.80  nvx*  > - 6820  N . In  part  (c).  d.  = -g  and  7*  - 0 . 

Evaluate:  In  part  <b».  T -<850  kg)(2.l4  mV  r9.80  m.V)  = 10J50  N . The  weight  of  the  composite  object  is 
8330  N.  When  the  arederation  is  upward  the  tension  is  greater  than  the  weight  and  when  the  acceleration  is 
downward  the  tensxm  is  less  than  th:  weight. 


Figure  5.24a.  b 

IDENTIFY:  Apply  V /’*  - mu  to  the  puck.  IJsc  the  information  about  th:  motxm  to  calculate  the  acceleration.  The 
table  must  slope  downward  to  th:  right. 

SET  UP:  Let  a h:  th:  angle  between  th:  table  surface  and  the  horizontal.  Let  the  t-x  -axis  be  to  the  right  and 
parallel  to  the  surface  of  the  table. 

EXECUTE:  y/.  - m<it  gives  mgsina  - mat . Th:  time  of  travel  for  the  puck  is  Lf\\  . where  L - 1.75  m and 

where  »^0.0250m.  = ' 

? '■  X & 


i,  - 3.S0  mi.  i - 1 - v 1 1 Id  r gives  d - . where  x - 0.0250  m . ana  - — ■ 


n|,2<2-M).10  'mM»Wm.s)i  _l  Jg, 

i/**)(l.75  m)! 
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5.26. 


5.27. 


5.28. 


Evaluate:  The  table  is  level  in  the  dircctxm  along  its  length,  since  the  velocity  in  that  direction  is  constant  The 
ingle  of  slope  to  the  right  it  small,  to  the  acceleration  and  deflection  in  that  direction  are  small 

IDENTIFY:  Acceleration  and  velocity  are  related  by  at  - — — . Apply  V F - m a to  tlic  rocket. 


SKI  L'P:  Let  +y  be  upward.  Tlie  free*  body  diagram  fee  th:  rocket  is  sketched  in  Figure  5.26.  F it  the  thrust 
force. 

Execute:  (u)  v - At  ♦ Br  . a - A + 2&  . At  t - 0 . a - 1 .50  m s*'  so  A - 1 .50  m s*' . Then  v - 2.00  m/s  at 
f = 1.00 1 give*  2.00  ro*  = <1 .50  m'%'  # 1 .00  *) . fl(  1.00  *)'  and  ■S-O.SOm'i'. 

<b>  At  t - 4.00  *.  a,  = 1.50  mi1  - 2(0.50  mVl(4.00  * ) = 5.50  mb' . 

(c)  - mu.  applied  to  the  rocket  give*  7 - mg  - mi  and 

7 - ml  at  g)  = (2540  kgX9.S0  m/*’ ■»  S-50  mV)  = 3.89x10*  N.  7 = I.S6». 

(d)  When  a = I.S0m'*\  7 - (2540  kgllO.SO  mV  1 1.50  m.'*’)  - 2.S7»  10*  N 

EVALUATE:  During  the  time  interval  when  »</ ) — At  r tit'  applies  the  magnitude  ot'lhe  acceleration  is  incrciving. 
and  the  thrust  is  increasing. 


r 


Figure  5 .26 


Idiviuy:  Consider  the  forces  in  each  ease.  There  is  the  force  of  gravity  and  the  forces  from  objects  that  touch 
the  object  in  qucstxm. 

SKI  L'P:  A surface  exerts  a normal  force  perpendicular  to  the  surface,  and  a friction  face,  parallel  to  the  surface. 
Execute:  The  frec*body  diagrams  are  sketched  in  Figure  5.27a*c. 

EVALUATE:  Friction  opposes  relative  nxitxm  between  tlie  two  surfaces.  When  one  surface  is  staticeiary  the 
friction  force  on  the  other  surface  is  directed  opposite  to  its  motion. 


Figure  5.27a  c 


IDEM  in  : /4  £ //./ j and  ft  - . Tlie  normal  force  n is  determined  by  applying  - ma  to  the  Mock. 

Normally,  £ fs% . fK  is  only  as  large  as  it  needs  to  he  to  prevent  relative  motion  between  th:  two  surfaces. 
SET  L’P:  Siixc  th:  table  is  horizontal.  with  only  the  block  present  n - 1 35  N . With  the  brick  on  the 
block,  n - 270  N . 

EXECUTE:  (u)  The  friction  is  static  for  P - 0 to  P - 75.0  N . The  friction  is  kinetic  for  P > 75.0  N . 

(b)  Tlie  maximum  value  of  / is  fj  n . From  the  graph  the  maximum  f is  / - 75.0  N . so 


- 


f _ 75.0  N 


135  M 


0.556  . /.  - u.n  . from  the  graph,  t - 50.0  N and  u - -L 


/ 50.0  N 


0.570. 


135  N 


(c)  When  the  block  is  moving  the  friction  is  kinetic  and  has  tlie  constant  value  /k  - f\n  . independent  of  P.  This  is 
why  the  graph  is  hon/ontal  for  P > 75.0  N . When  th:  block  is  at  rest,  f - P since  this  prevents  relative  motion. 
This  is  why  the  graph  for  P<  75.0  N has  slope  -f  I . 

<d)  max  f%  and  woukl  double.  The  values  of/on  th:  vertical  axis  would  double  but  the  shape  of  the  graph 
would  be  unchanged. 

Evaluate:  The  coefficients  of  friction  are  independent  of  the  normal  force. 


<14  C hapter  5 


5.29.  (a)  IDENTIFY:  Constant  speed  implies  a -0.  Apply  Newton's  1st  law  »o  the  box.  The  friction  force  is  directed 

opposite  to  the  motion  of  the  box. 

SET  LtP:  Consider  the  free -body  diagram  for  the  box.  given  in  Figure  5.29a.  Let  F be  the  horizontal  force 
applied  by  the  worker.  The  frxtion  is  kinetic  friction  since  the  box  is  sliding  along  the  surface. 

EXECUTE: 

ZF>*ma> 

n - mg  - 0 

it  - (Tty 

So  f 


1^. 

F ^ /.  ^ = (0.20X1 1.2  IgMO.SO  m's!)  = 22  N 

<b>  IDENTITY:  Now  the  only  horizontal  force  on  the  box  is  the  kinetic  friction  force.  Apply  Newlon's  2nd  law  to 
the  box  to  calculate  its  acceleration.  Once  we  have  the  acccV^ation.  we  can  find  the  distance  using  a constant 
acceleration  equation.  The  friction  force  is  fK  - //k/wg.  just  as  in  part  (a). 

SET  UP:  The  free  body  diagram  is  skcichcd  in  Figure  5.2%. 

Execite: 

a.  - -KK  - -<0.20)|9.80  mV)- -1.96  mV' 


Use  the  constant  accclcratitm  equations  to  find  the  distaore  th:  box  travels: 
v4  - 0.  »•,.  - 3.50  m s.  ak  = -1.96  miJ.  x -x*  = ? 

*£-•{.+20.0-4) 

V4J-|  i.  0-  (3.50  ms)-'  , . 

x — x-  3.1m 

4 2<r4  2<-1.96  miJ) 

Evaluate:  The  mrmal  fccce  is  th:  component  of  force  exerted  by  a surface  perpendicular  to  the  surface.  Its 
magnitude  is  determined  by  Y F - m<r.  In  this  ease  it  and  mg  are  the  only  vertical  farces  and  d.  -0.  so  n-  my,. 
Also  note  that  /k  and  n are  proporiHral  in  magnitud:  but  perpendicular  in  direction. 

5 JO.  Identity:  Apply  T F - ma  to  the  box. 

SET  UP:  Sirxc  th:  only  vertical  forces  are  n and  u\  the  normil  fccce  on  the  box  equals  its  weight.  Static  friction 
is  as  large  as  it  needs  to  be  to  prevent  relative  motion  between  the  box  and  the  surface,  up  lo  its  maximum  possible 
value  of  /4**“  - fj%n  . If  the  box  is  sliding  then  the  frxlion  force  is  fk  - . 

Execute:  (u)  If  there  is  no  applied  force,  no  friction  force  is  needed  to  keep  th:  box  at  rest. 

0>1  - W - (0.40X40.0  N l - 16.0  N . If  a horizontal  force  of  6.0  N is  applied  to  th:  box.  then  /4  - 6.0  N in 

the  opposite  direction. 

<c)  The  monkey  must  apply  a force  cqiul  to  /,**“  . 16.0  N. 

<d>  Once  tlie  box  lias  started  moving,  a force  equal  to  ft  - //kw  - 8.0  N is  required  to  keep  it  moving  at  constant 
velocity. 

EVALUATE:  ^ < //.  and  lexs  force  must  h:  applied  to  the  box  to  muntain  its  motion  than  to  start  it  moving.. 


Applying  Newtek's  Laws  5-15 


5JI. 


5-32. 


533. 


Idem  \h\  : Apply  V /’*  ""  ffia  to  the  crate.  ft  £ //.«  and  fk  . 

SET  UP:  Let  -f  y bo  upward  and  let  +x  be  in  the  direction  of  the  push.  Since  the  floor  is  horizontal  and  the  push 
is  horizontal,  the  norrml  force  equals  the  weight  of  the  crate  n - mg  - 441  X . The  force  it  takes  to  start  the  crate 
moving  equals  max  /t  and  the  force  required  to  keep  it  moving  equals  fk 

EXECUTE:  mix  f -313N  .so  u -.li— 1-0.710.  f -20K  N.so  a -0.472. 

A ' 441  N A 441  N 

\b)  Tltc  friction  is  kinetic.  £/•’  - mat  gives  F - fk  = mu  and  F - - 208*  (45.0  kg  ill.  10  ms*')  - 25S  N . 

(c)  ( i I The  normal  force  now  is  mg  - 72.9  N . To  cause  it  to  move.  F - max  f%  - jt%n  - (0.7 10W72.9  X)  - 5 1 .8  N . 

....  ~ r , F-fk  258  N -(0.472M72.9  N>  . . j 

n)  F=  f + ma  and  u — 4.97  m s 

45.0  kg 

Evaluate:  The  kinetic  friction  force  is  independent  of  the  speed  of  the  object.  (>n  the  moon,  the  miss  of  the 
crate  is  the  same  as  on  earth,  hut  the  weight  and  normal  force  arc  less. 

iDEMIfY:  Apply  V /•*  - ma  to  the  box  and  calculate  the  normal  and  friction  forces  The  coefficient  of  kinetic 

friction  is  the  ratio  1l  . 

n 

SET  UP:  Let  +x  he  in  the  direction  of  motion.  at  - -0.90  nVsJ . The  box  has  mass  8.67  kg. 

EXECUTE:  The  normil  force  has  magnitude  85  X + 25  X - 1 10  N.  The  frxlion  force,  from  - fk  - ma  is 

4 “ Fm  “ mu  - 20  N - (8.67  kgX-0.90  m.'sJ ) = 28  N . ^ ^ 0.25. 

EVALUATE:  The  ixuinal  force  is  greater  than  the  weight  of  the  box.  because  of  the  downward  component  of  the 
push  force. 

iDt.MItY:  Apply  V F - »ia  to  the  composite  object  consisting  of  the  two  haves  and  to  the  top  box.  The  friction 
the  ramp  exerts  cm  the  lower  box  is  kinetic  fnclion.  Th:  upper  box  doesn’t  slip  relative  to  the  lower  box.  so  th: 
friction  between  the  two  boxes  is  static.  Since  th:  speed  is  constant  th:  acceleration  is  /xra. 

SET  UP:  Let  he  up  th:  irxline.  The  frcc-body  diagrams  for  the  composite  object  and  for  th:  upper  box  arc 

given  in  Figures  5.33a  and  b.  The  slope  anule  * of  the  ramp  is  given  by  tan*  - — — — .so  6*  27.76" . Sirxc  the 

4.75  m 

boxes  move  down  the  ramp,  the  kinetic  friction  force  exerted  on  the  lower  box  by  the  ramp  is  darrcted  up  the 
incline.  To  prevent  slipping  relative  to  the  lower  box  the  static  friction  force  on  the  upper  box  is  directed  131  the 
incline.  mh4  - 32.0  kg  + 48.0  kg  - 80.0  kg  . 

EXECUTE:  (u)  F.  - mu.  applied  to  the  composite  object  gives  rt M - mfc4#cos*  and  fk  - cos# . 

8*ve*  /.  * r - ~ 0 Jiid 

r = <Hn^-//,a»^)(ir>-g=(»in27.76"-I0.444]«»27.76#)(80.0 kg)(9S0 nv1*') - 57.1  N . 

The  pcrscei  must  apply  a force  of  57. 1 X.  directed  up  the  ramp. 

(b)  - m a,  applied  to  the  upper  box  gives  f%  - mg’ sin*  - (32.0  kgH9  80  m‘s*)  sm  27.76°  - 146  N , directed  up 

the  ramp. 

Evaluate:  For  each  object  the  net  force  is  zero. 


it  - < 


i-O 


Figure  533a,  b 
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5-35. 


536. 


iDIAIlfrY:  Use  Y^F  - ma  lo  fmd  tb:  arcclcration  that  can  be  given  lo  the  car  by  the  kirclic  friction  force.  Then 

use  a constant  acceleration  equation 

SET  UP:  Take  +.r  in  the  direction  tb:  car  is  moving. 

Kuu  rt  : (a)  The  Free- body  diagram  for  the  car  is  shown  in  Figure  5.34.  YF.  - nw(  gives  n - /w#  . 

]T/’  - ma,  gives  -f\n  - ma,  . and  <*.  = ~fKZ  • Then  v.  = 0 and  vj  = *£  + 2a,(x-Xol  give* 

54.0m. 

2a.  -!\K  2(0801(94(0  m V » 

(b>  v,.  - v»2«l«(*-l,|  = ^2(0.25*980  m'VX54.0  ml  - 16  ? ml 

Ev  aluate:  For  constant  stopping  distance  — is  constant  and  v.  is  proportional  to  JIT  . The  answer  to 

K 

part  <b)  can  be  calculated  as  (29. 1 m.  swto.25/O.HO  - 16.3  m s . 


Fi^urc  5-34 

iDEMin  : Foe  a given  initial  speed,  the  distance  traveled  is  inversely  proportional  to  the  coctVicient  of  kinetic 
friction 

SET  UP:  From  Table  5.1  tb:  coefficient  of  kirclic  friction  is  0.04  for  Tcllon  on  steel  and  0.44  for  brass  on  steel. 

044 

EXECUTE:  The  ratio  of  the  distances  is  — — -II. 

0.04 

Evaluate:  The  smaller  the  c<xtlicicnt  of  kinetic  friction  the  smaller  the  retarding  force  of  friction,  and  the 
greater  the  stepping  distance. 

IDLMITY : (’rxistant  speed  means  zero  acceleration  for  each  Mock.  If  the  block  is  moving  the  friction  force  tb: 
tabletop  exerts  on  it  is  kinetic  friction  Apply  Y^F  - nm  to  each  block. 

SET  UP:  Tbc  free  body  diagrams  and  choice  of  coordinates  for  each  block  are  given  by  Figure  5.36. 

4.59  kg  and  ^ 2.55  kg  . 

Execute:  (u)  = ma%  with  af  - 0 applied  to  block  B gives  mkg -T  - Oand  T - 25.0  N . Y^F,  - ma.  with 

a,  - 0 applied  to  block  A gives  T - f - 0 and  /k  - 25.0  N . nt  -mg  - 45.0  N arxl  ‘ - 0.556  . 

nt  45.0  N 

[h)  Now  let  A be  block  A plus  the  cat.  so  mt  - 9.  IS  kg  . n,  = 90.0  N and  ft  ^ /i4n  - (0.556M90.0  N>  50.0  N . 
Y.  F,  - ma.  fw  A gives  r - /t  - m /i4  Y^F,  - ma for  block  B gives  mAg  - T - myi  . a , for  .1  equils  a,  for  B. 

so  adding  tbc  two  equations  gives  mkg  - fk  - [mA  -t  and  a.  - — — - -2.13  n*V  . 


ni-fiw„  v.lS  kg  t-  2.55  kc 


flic  accc Nation  is  upward  and  block  B slows  down 


5-37. 


Applying  Ncwtc®**  Laws 


5-17 


EVALUATE:  The  equation  mMg-fk  - ( ntA  ♦ mk)ot  h«  a simple  interpretation  If  hath  blocks  are  considered 
togctlxr  tfom  there  arc  two  external  forces:  mAg  that  acts  to  move  the  system  ooc  way  and  f \ that  acts  oppositely. 
Tlie  net  force  of  m.v  must  accelerate  a total  mass  of  mt  ♦ mA  . 


Figure  5 M 

IDLMUY:  Apply  V / - ma  to  each  crate.  The  rope  exerts  force  T to  the  right  on  crate  A 
cm  crate  B.  Th:  target  variables  are  the  fceces  T and  F.  Constant  t implies  a - 0. 

SET  L’P:  The  free  body  diagram  for  A is  sketched  in  Figure  5.37a 

Execute: 

ZF'amo- 

fu=Pin.=f\>”,g 


T=p,m.g 

SET  L’P:  The  free  body  diagram  for  is  sketched  in  Figure  5.37b. 


and  force  T to  the  left 


V 

Execute: 

d-»  »"* 

1 f 

-0 

•y  T 

1 

A*  - 

f n$* 

Figure  5-3  7b 

F-T-fu.O 
F - T t- 

Use  the  first  equation  to  replace  T in  the  second: 

F a Pi"*- 

(*) 

|b>  T-fi^m.g 

EVALUATE:  Wc  can  ahi>  contidcr  both  crate*  ti>gctf«  * a tlneV?  object  of  mats  <«),*«,,)•  V f.  - mu.  for 
this  contained  object  gives  F - fl  -u  +i"*)g*  in  agreement  with  our  answer  in  part  tal. 
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5-39. 


5.40. 


5.41. 


iDEVllfY:  / » //,«  . Apply  £ f - ma  ti>  tlic  tire. 

SET  UP:  n a mi?  and  / = ma  . 

^ i’* 

Execute:  u - — — where  /.  K the  distance  covered  before  the  wheel's  speed  is  reduced  to  half  its  original 

speed  and  i'  = vi2.  it  -l-1'  v]  ~ - llL . 

* * * 2^  2^  81* 

Low  pressure.  L a 18.1  m and  1 1 * ^ M S>  - 0.0259 . 

8 (18 T mK9.K0m:V> 

High  pressure.  1 - 92.9  m and  " " >1!  * 1 . * 0.00505 . 

8(3.50  m/s) 

EVALUATE:  ir  is  inversely  proporlximl  to  the  distance  £.  so  - — - - — 

Ai  A 

IDENTITY : Apply  - mu  to  the  box.  Use  the  information  about  sliding  to  calculate  the  trass  of  the  box. 

SET  UP:  ft  - jttR  , ft  a and  /?  - mg  . 

Execute:  Without  the  dolly:  n - mg  and  F - /ft"  - 0 t o4  - 0 since  sfxcd  is  constant). 

/»*»  — 160  N t ^ ^ 34.74  kg 

A?  (047) (980  mftf) 

With  the  dolly:  the  total  maw  is  34.7  kg  + 5.3  kg  - 40.(M  kg  and  friction  now  is  rolling  faction,  f%  - fi  mg. 
F-f/jug  ■:  ma  . a * * ^ 3.S2  m /**  . 

EVALUATE:  A - umg  -I60N  and  f.  - umg  - 4.36  N . or.  — - — The  tolling  friclion  force  it  rnurh  lot 

/.  F. 

than  the  kinetic  faction  force. 

Identity:  Apply  V /*  - ma  to  the  truck.  Fur  constant  speed,  a - 0 and  F^1r  - / . 

SET  Up:  f,  - fittn  - /ttmg  . Let  m,  - 1 42m  ami  fitl  - 0.81/i„  . 

EXECUTE:  Since  the  speed  is  constant  and  we  arc  neglecting  air  resistance,  we  can  ignore  the  2.4  m/s,  and  /*fct  in 

the  hon/ontal  direction  must  be  zero.  Therefore  /,  - //./?  - - 200  N before  the  weight  and  pressure  changes 

ire  made.  After  the  changes*  (0.8 \u  > <1.42 n)  = because  the  speed  is  still  constant  and  Fm  - 0 . We  can 


simply  div  ide  the  two  equations: 


(0.81^  1(1.42.0  _ FtM  u|d  (0  R|)  (20Q  a 2J0  N . 


/i, n N 

Evaluate:  The  increase  in  weight  increases  the  noimal  force  and  hence  tlx  friction  force,  whereas  the  decrease 

in  f i.  reduces  it.  The  percentage  increase  in  the  weight  is  larger,  so  the  net  effect  is  an  increase  in  tlx  friction  force. 
IDENTITY  : Apply  V /’  - ma  to  each  block.  The  target  variables  are  the  tensicei  T in  the  cord  and  the 
acceleration  a of  the  blocks.  Then  a can  be  used  in  a constant  acceleration  equation  to  Find  the  speed  of  each  block. 
Tlx  magnitude  of  the  acceleration  is  the  same  for  both  blocks. 

SET  UP:  Tbc  system  is  sketched  in  Figure  5.4  la. 


For  each  block  take  a positive 
coordinate  direction  to  be  the 
direction  of  the  block's  acceleration 


Figure  5.4 li 
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5.42. 


black  on  the  table:  The  free -body  is  sketched  in  Figure  5.41b. 

Execute: 


mAF 

Figure  5.4II> 


LF>mma> 

n - m,g  - 0 
f -M/Jf 

f.  =un-umg 


T~A  —/■ 

SET  UP:  hanging  block:  Tlx  free- body  is  sketched  in  Figure  5.41c 


Figure  5.41c 

(a)  Use  the  second  equation  in  the  first 


Execute: 

- M, 

mMg  -T  - mAa 
T - wkg  - mAa 


125  kg*  I JO  leg 

SET  UP:  Now  use  the  ccmvtant  acceleration  equations  to  find  the  final  speed.  Note  tli at  the  blocks  have  the  same 
speeds,  x-x^*  0.0300  m.  i?4  -0.7937  ms\  =0.  v,  -? 

Execute:  v.  - ^2*.  (•»-*■)  = ^2(0.7937  mi')(0.0300  m)  -0.2 IS  ms  — 21.8  era’s. 

<b  |T- m.g  -m,a-m,ig-a)-\  .30  kgl  9.80  mV  - 0.7937  mV)  - 11.7  N 
Or.  to  check.  T - —wu 

T - m t(a  -t  - 2.25  kg|0.7937  m'»‘  (0.45)1 9.80  ml:)|  - 1 1 .7  N.  which  checks. 

EVALUATE:  The  force  T exerted  by  the  coed  has  the  same  value  for  each  block.  T < mMg  since  the  hanging  block 
accelerates  downward.  Also.  ft  - J*k**J?  - 9.92  N.  7 > ft  and  the  block  on  the  table  accelerates  in  the  direction 
of  T. 

IDEMUY:  Apply  Yf  “ >na  to  the  box.  When  tlu:  box  is  ready  to  slip  the  static  friction  fcecc  has  its  maximum 
possible  value.  = ji%n  . 

SET  Up:  Use  coordinates  parallel  and  perpendicular  to  the  ramp. 

Execute:  (u)  The  normal  force  will  be  Ntos  0 and  tlx  component  of  tlx  gravitational  force  along  the  ramp 
is  train  0 . Tlx  box  begins  to  slip  when  v*sin0  > /i.wcosd.  a r tan#  > fj%  - 0.35.  so  slipping  occurs  at 
0 - irctanl  0.3$) » 19.3® . 

<b)  W’licn  moving,  the  fnction  force  along  the  ran^i  is  //k»vcos 0 . the  component  of  the  gravitational  force  along 
the  romp  is  itsintf . so  the  acceleration  is 

(w imO  - wft  cos0)/ju  - g(*inO  - castf)  = 0.92  m/%3. 

(c)  Since  v,  - 0 . lax  - v*  .so  v - (loxf*1  .or  v - |<2H0.92m/V  K$  m)Jv*  - 3 ms  . 

EVALUATE:  When  the  box  starts  to  move,  friction  changes  from  static  to  kinetic  and  the  frxiion  force  becomes 
smaller. 
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5.43. 


5.44. 


5.45. 


(a)  IDENTIFY:  Apply  ]Y/'  - ma  to  the  crate.  Constant  v implies  a - 0.  Crate  moving  says  that  the  fnction  is 
kinetic  friction.  The  target  variable  is  the  magnitud:  of  the  force  applied  by  the  womin. 

SET  UP:  The  tree  body  diagram  for  the  crate  is  sketched  in  Figure  5.43. 

v 

Execute: 

;j  - mg  - f*sin0-  0 
;j  = jii g ♦■/’sin 0 

Figure  5.43 

ZF- 

Fcostf- A -0 
F ca&O - filing  - fjtFxinO  -0 
F(co*0 - u sin 0)  - //.ra*: 


F- 


V1* 


cost/  jmw 

(b>  IDENTIFY  and  SET  l>:  "start  the  crate  moving’*  means  the  same  force  diagram  as  in  part  ia).  except  that 


fj  is  replaced  by  //  . Thus  F 


F\mS 


cose/-// sine/ 

Execute:  F -**  if  cos 0-u  sin0-O.  This gives  ti  - 

4 4 sin0  tan  0 

Evaluate:  F has  a downward  component  so  a > mg.  If  0 - 0 (woman  pushes  hon/ontally  L n - mg  and 

Fm/i  *W"£- 

|DLN  tin : Apply  Y F - ma  to  the  box. 

SET  L*P:  Let  +y  be  upward  and  -a*  be  hori/ceital.  in  the  direction  of  the  acceleration.  Constant  speed  nvans  a - 
Execute:  (u)  There  is  no  net  force  in  the  vertical  direction,  so  n + /*sin0-  %*-  0.  or 
n - iv-  FsinO  - mg  - FxinO.  Th:  friction  force  is  A - f\n  - f\(mg  - Fxintfy  The  net  liori/cmtal  force 
is  Fco%0  - A - FcaUt  - Mi  (mg  - Fm(t) . arxi  so  at  constant  speed. 

F=  f,‘”g  . 
costfJ  + sinfl 

|b)  Using  (be  given  values.  *290  N . 

(cos  25’  ♦ (0.35)sin  25*) 

Evaluate:  If  0 = 0° , F = Mi mg . 

I DSXT1FY : Apply  Y F - ma  to  each  block . 

SET  L’P:  For  block  B use  coordinates  parallel  and  perpendicular  to  the  incline.  Since  they  arc  connected  by  ropes, 
blocks  A and  B also  move  with  constant  speed. 

EXECUTE:  (a)  The  fre£»body  diagrams  arc  skdehed  in  Figure  5.45. 

(b)  The  blocks  move  with  constant  sliced,  so  there  is  no  net  force  ewi  block  A\  the  tension  in  the  rope  connecting  A 
ind  B must  be  equal  to  the  fractional  force  on  block  A,  Mi  - (0.35)  (25.0  X>  - 9 N. 

(cl  Tlie  weight  of  block  ( * will  be  the  tension  in  th:  rope  connecting  B and  C;  this  is  found  by  considering  the 
forces  on  block  B.  The  components  of  force  along  the  ramp  arc  the  tension  in  th:  first  repe  (9  N.  from  port  la)),  the 
component  of  the  weight  alceig  the  ramp,  the  friction  on  block  B and  the  tension  in  the  scctmd  rope.  Thus,  the 
weight  of  block  C is 

iff  a 9 N + tty  (sin  36.9*  ♦ cos  36.9°)  = 9N  + (25.0  NMsin  36.9°  ♦ (0.35  (cos  36.9°)  - 3 1 .0  N 
The  intcrnxdiate  calculation  of  the  first  tension  may  be  avoided  to  obtain  the  answer  m terms  of  the  common 
weight  w of  blocks  A and  B.  wc  - u(/^  ♦ (sintf  *f  Mi  cosfJil.  giving  the  sanx  result. 

(d)  Applying  Newton's  Second  Law  to  the  rcmiimng  misses  t B and  C)  gives: 

a - gi  - /ftMV cosfl  - \s'k  sin  0)/( w*  ♦ ) - 1 .54  m/s* . 


Applying  Ncwtcn's  Laws  5-2 1 


EVALUATE:  Before  the  rope  between  A aiul  ti  is  cut  the  net  external  force  on  the  system  is  /cn>.  When  the  rope  is 
cut  the  friction  force  cm  A is  removed  from  the  system  and  there  is  a net  force  on  the  system  of  blocks  B and  C. 


Figure  5.45 


5.46.  IDENTITY  and  SET  Ut:  Tlie  derivative  of  vf  gives  at  as  a function  of  time,  and  the  integral  of  vt  gives y is  a 
function  of  tinx. 

EXECUTE:  Differentiating  Eq.  1 5. 10>  with  respect  to  Urn:  gives  tlie  acceleration 

a - v | A.  V u,*w  - gc  where  I:q.  |5.9).  v - mgjk  . has  been  used.  Integrating  Eq.  f 5. 10|  with  respect  to  time 


with  y.  - 0 gives 


Evaluate:  We  can  verify  that  dyidi  - v . 

5.47.  IDENTIFY  and  SET  UP:  Apply  Eq.<5.l3). 

Execute:  iu>  Solving  for  D in  terms  of  ». . /> 


^ k 

V D V f° 25  kuv'm^ 


(SOkgmjO gy 
(4:  m/*)- 


Evaluate:  \\  is  lew  for  the  daughter  since  Iter  mass  is  less. 

5.48.  I DIN  tin : Apply  V F - md  to  the  hall.  At  the  terminal  speed,  f - mg  . 

SET  UP:  The  fluid  resistance  is  directed  opposite  to  th:  velocity  of  the  object.  At  hilf  the  terminal  speed,  the 
magnitude  of  the  friclioral  force  is  one-fourth  the  weight- 

Execute:  (u)  If  the  hall  is  moving  up.  the  frictional  force  is  down,  so  the  magnitude  of  the  net  force  is(5/4)w 
and  the  acceleration  is  (S'4^.  down. 

<b)  While  moving  down,  th:  frictional  force  is  up.  and  the  magnitude  of  the  net  force  is  (3>'4)»v  and  th:  acceleration 
is  (3/4|£.  down. 

EVALUATE:  The  frictional  force  is  fcss  than  mg  in  each  case  and  in  each  case  the  net  force  is  downward  and  the 
acceleration  is  downward. 

5.49.  iDKNliiY:  Apply  V /’*  ~ uid  to  one  of  the  masses.  The  mass  moves  in  a circular  path,  so  has  acceleration 

at ^ - — . directed  tow  ard  the  center  of  the  path. 
ft 

SET  UP:  In  each  case,  ft  - 0.200  m . In  port  (a),  let  *x  be  toward  the  center  of  the  circle,  so  a,  - . In  part  | b> 

let  *f  y he  toward  the  center  of  the  circle,  so  a,  - at ^ . -f  t*  is  downward  when  the  mass  is  at  the  top  of  the  circle 
and  *fy  is  upw ard  wlien  the  mass  is  at  the  hottcen  of  the  circle.  Since  a ^ has  its  greatest  possible  value.  V is  in 
the  direction  of  at  both  positions. 

Exec :UTE:  (u|  - mat  gives  F - ma^  - rwl_  . F - 75.0  N and  v = ° ^ ~~  * 3.61  m * * 

<h)  Tlic  free-body  diagrams  for  a mass  at  th:  top  of  the  path  and  at  the  bottom  of  the  path  are  given  in  figure  5.49. 
At  the  top.  V F,  - nii ?.  gives  F - n\a%aL  - mg  and  at  the  Ixittom  it  gives  F - mg  -t  . For  a given  rotation  rate 
and  hence  value  of  . the  value  of  /*  required  is  larger  at  the  bottom  of  the  path. 

(c)  F - mg  ma  . so — - g and 

ft  m 


- Jtf|  - - g j - |(0.200  m i _±2^-9.KO  ms*  - 3.33  mS 
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5.50. 


5.51. 


5.52. 


EVALUATE:  The  maximum  speed  is  less  for  the  vertical  circle.  At  the  hittom  of*  the  vertical  path  F*  and  the 
weight  arc  in  opposite  directions  so  / must  exceed  by  an  amount  equal  to  mg.  At  the  top  of  the  vertical  path 
r and  mg  are  m the  san»:  direction  and  together  provide  the  required  net  fcecc.  so  /•*  must  be  larger  at  th:  bottom. 


' t 


heroin 

Figure  5.49 


IDI.N  tllV:  Since  the  car  travels  in  an  an:  ot  a circle,  it  has  acceleration  - v R . directed  toward  the  center  of 
the  arc.  Th:  only  horizontal  force  c«i  the  car  is  the  .static  friction  force  exerted  by  the  roadway.  To  calculate  th: 
minimum  coefficient  of  fnction  that  is  required,  sci  the  static  friction  force  equal  to  its  maximum  value.  - //«  . 
Friction  is  static  friction  because  the  car  is  rail  sliding  in  the  radial  direction. 

SET  UP:  The  free  body  diagram  for  the  car  is  given  in  Figure  5.50.  The  diagram  assumes  the  center  of  the  curve 
is  to  the  left  of  the  car. 

Execute:  ( u > y f - ma  gives  n - m g . Y f - mat  gives  }tn  - ni  — . fimg  - and 

^ R .*» 


S (25.0  m s)' 


ft T 


(9.80  m s*  )220  m i 


0.290 


[h)  — - Rg  - constant  . so  — - v\  = v pL  = (25.0  m si  P—  - 14.4  m s . 

ft  ft.  ft,  ’ Vft»  v ft. 

EVALUATE:  a smaller  coefficient  of  fnction  nxans  a smaller  maximum  frxtion  force,  a smaller  possible 
Acceleration  and  therefore  a smaller  speed. 


" * 


*• 


Figure  5.50 

IDENTIFY:  We  can  use  the  analysis  done  xn  Example  5.23.  As  in  thit  example,  we  assume  friction  is  negligible. 


SET  UP:  From  Example  5.23.  the  banking  angle  fl  is  given  by  tan//  - — ^ Also,  n - mg : cos  fi  . 

65.0  mi/h  - 29. 1 m's . 

EXECUTE:  (a>  tan //  1 1,1  and  /?  - 21.0°.  Th:  expression  for  tan/?  does  not  involve  the  mass 

(9.80  ms“X225  m) 

of  the  vehicle,  so  the  truck  and  car  should  travel  at  the  sartv:  spred. 

(b)  For  the  car.  i?  - * 1 *’r  * * 1,1  ’ 1 18x  104  N and  nM  - 2ir_  - 2.36  x |04  N . sitxc  iw  . - 2 /u  . 

co*2 1 .0 

Evaluate:  The  vertical  component  of  the  normil  forec  must  equal  the  weight  of  the  vehicle,  so  the  normxl 
force  is  proportional  to  m. 

IDENTIFY:  The  acceleration  of  the  perscei  is  atU  - *•*  tR  . directed  horizontally  to  the  left  in  the  figure  in  the 
problem.  The  time  for  one  revolution  rs  the  period  T - Apply  V F - ma  to  the  person. 


Applying  Newtek's  Laws  5*23 


5i3. 


SKI  L’P:  The  penon  moves  in  a circle  of  radius  R - 3.00  m t-  <5.ft3  m|sin30.0°  - 5.50  m . The  free  body  diagram 
is  given  in  figure  5.52  F it  the  force  applied  to  the  seal  by  the  rod. 

EXECUTE:  (u)  - aw.  gives  FcotlO.tf  - mg  and  F - met,  gives  F sin  30.0°  - «vl- 

Combining  these  taxi  equations  gives  v - tan 0 - ^(5.50  m|<9.K0  ms  >tan30.0'  - 5.5K  m s . Thm  the  period 

_ 2xR  2,r(5.50  m>  , 

is  7 -619s. 

v 5.58  mfe 

(l>)  The  nel  force  is  proportional  to  m so  in  y F - Old  th:  moss  divide  out  and  th:  angle  foe  a given  rale  of 
rotaticei  is  impendent  of  the  mass  of  the  passengers. 

Evaluate:  The  p^son  moves  in  a horizontal  circle  so  the  acceleration  is  horizontal.  The  net  inward  force 
required  for  circular  motion  is  produced  by  a component  of  the  force  exerted  on  the  scat  bv  the  rod. 


Figure  552 

I DEN  111^ : Apply  y F - uia  to  the  composite  object  of  the  person  plus  seat.  This  object  moves  in  a horizontal 
circle  and  has  acceleration  . directed  towjni  the  center  of  the  circle. 

SKI  L’P:  The  free  body  diagram  for  the  composite  object  is  given  in  figure  5.53.  Let  -t.r  he  to  the  right,  in  th: 

direction  of  a . Let  +y  be  upward.  The  radius  of  the  circular  path  is  R - 7.50  m . The  total  mass  is 

(255  N r S25  N)/(950  m(%3)  - 1 10.2  kg  . Since  the  rotation  rate  rs  32.0  rev  min  - 0.5333  rev  s . the  period  7 k 


- 1.875  s. 


0.5333  revs 

Execute:  Y F -ma  gives  7. cos 40.0°-  m%  - 0 and  7, 

cos  40.0" 

7.  F,  -ma,  gives  7,  sin  40.0°  -f  Tk  - mtfAland 

4t*(7.50  m) 


25$  N + 82S  N 
cos  40.0° 


1410  N . 


4<t  R 


F - rr? 


40.0  - (1 10.2  kg)  ] ...  -11410  N|sin40.0J  -8370  N . 


The  tension  in  the  horizontal  cable  is  S370  N and  th:  tension  in  the  other  cable  is  14 10  N. 

Evaluate:  The  weight  of  the  composite  object  is  10S0  N.  The  ten»on  in  cable  A is  larger  than  this  since  its 
vertical  camporvnt  mast  equal  the  weight,  - 9280  N . Th:  tension  in  coble  & is  fcss  than  this  because  part  of 
the  required  inward  force  conxs  from  a component  of  the  tension  in  cable  A. 

V 
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5.54. 


5.55. 


5.56. 


IDENTIFY:  Apply  V /**  " MW  to  the  butti>n.  The  button  moves  in  a circle,  so  it  has  acceleration  attt . 

SET  UP:  The  situition  is  equivalent  to  that  of  Example  5.22. 

EXECUTE:  (at  /r.  *-  - — Expressing  v in  terms  of  the  period  T v * — — so  - ■*'*■  n A platform  speed  of 

~ T T g 


40.0  rev.inin  corresponds  to  a period  of  1 .50  s,  so  u 


4,Ti(0.  ISO  ml  _0  2(.9 
(1.50  k)  (9.80  nv»-) 

(b)  For  the  ?amc  coefficient  of  static  friction,  the  maximum  radius  is  proportional  to  tbc  square  of  tbe  period 
(lunucr  pcTiixls  mean  slower  speeds,  so  the  button  may  be  moved  further  out)  and  so  is  inversely  proportional  to 


the  square  of  the  speed.  Thus,  at  th:  hiuher  speed,  tbc  maximum  radius  is  (0.150  on) 


400 


- 0.06?  m . 


Evaluate:  t.  . - ■ . The  maximum  radial  acceleration  that  friction  can  give  is  itmg  . At  the  faster  rotation 


rate  7 es  s miller  so  R must  be  smaller  to  keep  tbc  same. 
IDENTIFY : The  acceleration  due  to  circular  motion  is  a . - 


4.7  R 


SKI  L’P:  R - K(XI  m . 1/7  is  the  number  of  revolutions  per  second. 

EXECUTE:  (a)  Setting  u . - v and  solving  for  the  period  T gives 


r - It  I-  - Is 


4(H)  m 


w 


r - 40.1  s. 


so  the  number  of  revolutions  per  minute  is  1 60  s.'minl/|40. 1 s)  - 1.5  rev;  min  . 

(b)  The  lower  acceleration  corresponds  to  a longer  period,  and  hence  a lower  rotation  rate,  by  a factor  of  tbc  square 
root  of  the  ratio  of  the  federations.  T'  - (1 S rev/min)*  J3.70/9.8  - 0.92  rev/min. 


EVALUATE:  In  part  (a)  tbc  tangential  speed  of  a point  at  tbc  rim  is  given  by  atU .so 

R 


- JRa^j  - ^Rym  - 62.6  in  s ; the  space  station  is  rotating  rapidly. 


Identify:  T - 


Tbc  apparent  weight  of  a pcrscei  is  the  normal  force  exerted  on  him  by  the  seat  he  is  sitting 


on.  I Its  acceleration  is  = P*  / R . directed  toward  the  center  of  the  circle. 

SET  UP:  Tbc  period  is  7 - 60.0  s.  Tbc  pavsenger  has  mass  m - wfg  - 90.0  kg  . 

50.0  ni 


„ 2xR  2>r(5U.O  in)  _ _ . %t 

Execute:  (u|  v - — -524  ms.  Note  that  a,^  - 


(b)  The  free -body  diagram  fee  tbc  person  at  the  top  of  his  path  is  given  xn  Figure  5.56a.  The  accelcraticei  is 
downward,  so  take  ty  downward.  ^ - mr  gives  mg  - n - . 

n • ml  g - alml ) - (90.0  kgH  9.80  m'%‘ - 0.549  m!%' ) ^ S33  N . 

Tlie  free* body  diagram  for  th:  person  at  the  battixn  of  his  path  is  given  in  Figure  5.564*.  The  accclcraticoi  is 
upward,  so  take  *ty  upward.  ^ 7 - rid  gives  n-mg-ma,a  and  n - m\g  -td,^)  -931  N . 

(O  Apparent  weight  - 0 mrant  n - 0 and  utg  - nra^ . g - — and  v - JgR  - 22.1  m's  . The  time  tor  cxic 

R 

revolution  would  be  7 - - ““  ' ' 11,1  - 14.2  s . Note  that  a - g . 

v 22.1  ns 

(d>  n - m(g  + a ) - 2mg  - 2f8S2  N)  - 1 760  N . twice  his  true  weight. 


Applying  Newtek's  Laws  5-25 


5.57. 


5.58. 


EVALUATE:  At  the  top  of  his  path  his  appircnt  weight  is  less  than  hrs  true  weight  and  at  the  bottom  of  his  path 
his  apparent  weight  is  greater  than  his  true  weight. 


h 


I- 


” * 


Figure  5.56a.  b 

IDI.N  Ilh  : Apply  V / - ma  to  the  motion  of  the  pilot.  Tlie  pilot  moves  in  a vertieal  circle.  The  ^parent  weight 
is  the  normal  fonre  exerted  on  him.  At  each  point  <rl-c  is  directed  tow  ard  the  center  of  the  circuiir  path. 

(a)  SET  Up:  “the  pilot  feels  weightless"  means  that  the  vertical  normal  force  r exerted  cm  the  pilot  by  the  chair  on 
wluch  the  pilot  sits  is  zero.  The  force  ilaagram  foe  the  pilot  at  the  top  of  the  path  is  given  in  figure  5.57a. 

X f Exicvil: 

ZF. 

, 


il 


and 

Figure  5.57a 

Thus  v - J£R  ^(9.80  m'S  )(l  50  m>  - 38.34  m s 

v= (38.34  mf%) 


[fan 


i:  mjt  I 


-138  km  h 


do  SET  UP:  The  force  diagram  for  the  polo!  at  the  bottom  of  the  path  is  given  in  Figure  5.57b.  Note  that  tlx 
vertical  normal  force  exerted  on  the  pilot  by  the  chair  on  which  the  pilot  sits  is  now  upwaid. 

EXECim: 

ZF=ma. 


-f- 


-mg-’  m — 


fhis  rxinnal  force  is  the  pilot's  apparent  weight 


Figure  5.57b 

t’-70DN,  so  m = 21  = 7143  kg 
10*  m 


i* -1280  km  hi 


3600  s n km 


- 77.78  ms 


Thus  a _ 7(0  N -t  7 1 .43  kg|  ,7;  ’|<  m<>  = 35KO  N. 

150  m 

EVALUATE:  In  pari  (b),  n > mg  smee  the  aeccleration  is  upwanl.  Tbc  pilot  feels  lx  is  much  heavier  than  when  at 

rest.  The  speed  is  not  constant,  but  it  is  still  tme  that  - v*  > R at  e:xh  paint  of  the  motion. 

IDEMIEY:  — \^/R  . directed  toward  the  center  of  the  circular  path.  At  the  bottom  of  the  dive.  diU  is  upward. 

The  apparent  weight  of  the  pilot  is  the  normal  force  exerted  on  her  by  the  seat  on  which  six  is  sitting. 

SET  L’P:  The  free  body  diagram  for  the  pilot  is  given  in  Figure  5.5K. 
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5.59. 


5.60. 


_ , % v'  . v (95.0  ms)* 

Execute:  (u)  a.  - — gives  R 230  m 

R * </.*  4.00(9.80  m's*) 

<b)  - iw.  gives  n - mg  - matai . 

« - mix  + ■ "‘(AT  + 4.00g)  ^ 5.00/ng  - (5.00X50.0  kgX9.K0  nvs3)  = 2450  N 

Evaluate:  Her  apparent  weight  is  five  tunes  her  true  weight,  the  force  of  gravity  the  earth  exerts  on  her. 

v 


’ AW 


Figure  5.58 


IDENTIFY:  Apply  V /'  - ma  to  the  water.  The  water  moves  in  a vertical  circle.  The  target  variable  is  tb:  speed 


v;  we  will  calculate  ami  then  get  v from  *rrf  « V 2 1 R 

SET  L!P:  Consider  the  free -body  diagram  for  the  water  when  the  pail  is  at  the  top  of  its  circular  path,  as  shown  in 
Figures  5.59a  and  b. 


Figure  5.59a 


The  radial  acceleration  is  in  toward  the  center 
of  the  circle  so  at  this  point  is  downw  ard. 
n is  the  downward  normal  force  exerted  on 
the  water  by  tb:  bottom  of  the  pail. 


Figure  5.59b 


EXECUTE: 


R 


At  the  minimum  specs!  the  water  is  just  ready  to  kise  contort  with  the  bottom  of  the  pail,  so  at  this  speed,  n ->  0. 
(Mote  that  the  force  n cannot  b:  upward.) 

With  n -♦  0 the  equation  becomes  mg  - /wi_  v - JgR  - J(9.80  m s:  M0  6CO  m)  - 2.42  m s 

R 

EVALUATE:  At  the  minimum  speed  - x • If  »*  lc*»  than  this  minimum  speed,  gravity  pulls  the  water  (ami 
bucket  I out  of  the  circular  path. 

IDENTIFY : The  hall  has  accclcraticai  atU  - r*  •'  R . directed  toward  the  center  of  the  circular  path.  When  tb:  ball  is 
at  the  battom  of  the  swing,  its  acceleration  is  upward 

SET  UP:  Take  +j  upward,  in  the  direction  of  the  acceleration.  The  bawling  ball  has  mass  m - m\'  g - 7.27  kg  . 

EXECUTE:  (u)  <itmi  - A'  - 4.64  m*  , upward 

R 3.80  m 

<b)  The  free -body  diagram  is  given  in  Figure  5.60.  gives  T - mg  - ma^  . 

T = ml g . a,w|-  (7.27  kgM9.80  m'4!  + 4.64  m u')  = 105  N 
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EVALUATE:  The  acceleration  is  upwunl  so  the  nrt  force  is  upward  and  the  tension  is  greater  than  the  weight. 

v 

lr  i- 


Figure  5.60 

Identify:  Apply  Y F - ma  to  the  knot. 

SET  UP:  a - 0 . Use  coordinates  with  axes  that  arc  horizontal  and  vertical 

Execute:  tu|  The  tree-body  diagram  for  the  knot  is  sketched  in  Figure  5.61 . 

Tx  i.s  more  vertical  so  supports  mcec  of  the  weight  and  is  larger.  You  can  also  see  this  from  £/\  - mu,  : 


(b)  7;  k larger  so  set  f - 5000  N.  Then  T,  ^ 7J/1.532  ^ 3263.5  N . £ F,*ma%  gives 
7;  sin  60°  + 7%  sin  4(X5  - w and  u-6tOO\\ 

Evaluate:  The  sum  of  the  vertical  component*  of  the  two  tensions  equals  the  weight  of  the  suspended  object 
Tlie  sum  of  the  tensions  rs  greater  than  the  weight. 


I DEMI  FT' : Apply  Y /**  “ tna  to  each  object . C’onstant  speed  means  a - 0 . 

SET  L’P:  The  tree-body  diagrams  arc  sketched  in  Figure  5.62.  T is  tb:  tension  in  the  lower  chum.  7*%  is  tb: 
tension  in  the  upfvr  chain  and  T - F k the  tension  in  the  rope. 

EXECUTE:  The  tension  in  the  lower  chiin  balances  the  weight  and  so  is  oqual  to  w.  The  lower  pulley  must  have 
no  net  force  on  it.  so  twice  the  tension  in  tb:  rope  must  he  equal  to  w and  the  tension  in  tb:  rope,  which  equals  F,  is 
w/2  . Then,  the  downward  tone  on  the  upper  pulley  due  to  the  rope  i.s  also  w%  and  so  the  upper  chain  exerts  a force 
n on  tb:  upper  pulley,  and  the  tension  in  the  upper  chain  i.s  abo  »»•. 

EVALUATE:  The  pulley  combination  allows  the  worker  to  lift  a weight  why  apply  mg  a force  of  only  w'/2. 

T, 


t 

7,  v 

Figure  5.62 

IDENTIFY:  Apply  Y /•*  “ ma  to  the  rope. 

SET  UP:  Tbc  htxik.s  exert  forces  on  the  ends  of  the  rope.  At  each  hook,  the  force  that  the  hook  exerts  and  the 
force  due  to  the  tension  in  the  rope  are  an  aeticm-rcaction  pair. 

EXECUTE:  (u)  The  vertical  forces  that  the  hooks  exert  must  balance  the  weigh*  of  the  rope,  so  each  hook  exerts 
an  upward  vertical  force  of  >ty'2  on  the  rope.  Thciefcee.  the  downward  force  that  the  rope  exerts  at  each  end  is 
T^sinfl  - w/2 . » Tmd  - w/(2rii»0)  - .Wg/(2sin0). 


5-2*  Chapter  5 
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(to)  Each  half  of  Ihe  rope  u itself  in  equilibrium.  so  the  tension  in  the  middle  must  balaixc  the  horizontal  force  that 
each  hook  exerts,  which  « the  same  as  the  horizontal  component  of  the  force  due  to  the  tension  at  tlx  end; 

T cos 0 - T , SO  r a «g  cosfl/(2sin0>  - Mgf(2l*n  0). 


(c)  Mathematically  speaking,  0 * 0 because  this  would  cause  a division  by  zero  in  the  equation  for  or  T 
Physically  speaking,  we  would  need  an  infinite  tension  to  keep  a mm  massless  rope  perfectly  straight. 
EVALUATE:  The  tension  in  the  rope  is  not  the  same  at  all  points  along  the  npe. 

iDf.MItY:  Apply  V F - tna  to  the  combined  rope  plus  block  to  lindo.  Then  apply  Y]/’  - nta  to  a section  of 
the  rope  of  length  x.  First  note  the  limiting  v alues  of  the  tension.  The  system  is  skeichcd  in  Figure  5.64a. 


At  the  lop  of  the  rope  T - F 

At  the  bottom  of  the  rope  T - A/ig  + 


0 


Figure  5.64a 

SET  UP:  Consider  the  rope  and  block  as  one  combitxd  object,  in  order 
body  diagram  is  skdehed  in  Figure  5.64b. 


uakuldtc  the  accelcrathui;  The  free 


r 


Execute: 

X'>-. 

F -<Af  -f  m)g  - (A/  + ntfo 
F 


U tfff 


Figure  5.64  b 

SET  UP:  Now  ccmsidcr  the  forces  on  a section  of  the  rope  that  extends  a distance  r < L below  the  top.  Tlic 
tension  at  the  bottom  of  this  section  is  TCrl  and  the  mass  of  this  section  is  The  free*  body  diagram  is 

sketched  in  Figure  5 .64c. 


Execute: 

ZF,mma, 

F - T(x)~  mix*  L)g  - m(x/L)a 
r(.r)-  F -mixf  L)g -m(xf  L)a 


nix/Ltt 


Figure  5.Mc 

l.'ung  our  expression  for*?  and  simplifying  gives 


r*v) - /*!  i- 


V.  v 


LW*m) 

EVALUATE:  Important  to  ctxck  this  result  for  the  limiting  casts: 
x - 0 : *Hx  expression  gives  tlx  correct  value  of  T - F. 

x - L:  Hx  expression  gives  7*  - F{M  '(.1/  + <w)>.  This  should  equal  T - M(g  + o).  and  when  we  use  the 
expression  for  a we  sec  that  it  does. 

I DEV  lin : Apply  Yf-  m a to  each  block . 

Set  Up:  Constant  speed  nxans  a - 0 . When  the  blocks  arc  moving,  the  friction  force  is  fk  and  wben  they  are  at 
rest,  tlx  friction  force  is  f% . 

Execute:  (u)  The  tension  in  the  cord  must  be  m3g  in  order  that  the  hanging  block  mow  at  constant  speed.  This 
tensicei  must  overcome  friction  and  the  component  of  the  gravitational  force  along  tlx  irxlinc.  so 
iWj  g - ( mtg  sin  a + m,g  cat  a ) ami  m,  - m,  (sin  a r cos  a) . 

(to)  In  this  case,  the  friction  force  acts  in  the  sanx  direction  as  the  tension  on  the  block  of  mass  . so 
m,g  -<«i  gsmrt -ii.  mi  geos  a),  or  m,  - «i(sina-ir.  cosa) . 
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(c)SimiUr  to  the  analysis  of  puts  (a)  and  <b).  the  largest  «i:.  could  h:  is  w.isin/7  t ^cosa)  aiul  the  srnal lent  mi 
could  be  is  ni^xina  -y/% cos/7 > . 

EVALUATE:  In  parts  (a  t and  (b)  th:  friction  force  changes  direction  when  the  direction  of  the  motion  of 
m,  changes.  In  pirt  (c).  for  the  largest  m:  th:  static  friction  force  on  m,  is  directed  dawn  the  incline  and  for  the 
smallest  m>  the  static  fbetion  force  on  in,  is  directed  up  the  incline. 

IDEVTIFV:  The  system  is  in  equilibrium.  Apply  Newton’s  1st  law  to  Mock  A.  to  the  hanging  weight  and  to  th: 
knot  where  the  cods  meet.  Target  variables  arc  the  two  forces. 

(a)  SET  Up:  The  free- body  diagram  for  the  hangini*  block  k given  m figure  5.66a. 


, * <i 


Execute: 

7>  - w - o 

7 -12.0  N 


Figure  5.66a 

SET  Up:  The  free  body  diagram  for  the  knot  is  given  in  Figure  5.66b. 

Exec  ute: 


rsin45.tr-  7,  =0 

r r 12.0  N 


An  45. it  im4SSr 


r.  -17  .0  N 


7,  cos  45.tr -i;  - 0 
7;  - 7jCos45.tr  - 12.0  N 

SET  UP:  The  free  body  diagram  for  block  A is  given  in  figure  5.66c. 


j = II 


Execute: 

i 

W.-« 

/ -r-i:.o\ 


Figure  5.66c 

EVALUATE:  Also  can  apply  Y Fr  - ma,  to  this  block: 


-w  =0 


nrn  wA*  60.0  N 

Then  u%n  - <0.25X60.0  N>  - 1 5.0  X;  this  is  the  maximum  possible  value  for  th:  static  friction  force.  We  see  that 
fK  < p%ir,  fee  this  value  of  w the  static  friction  force  can  hold  th:  blocks  in  place. 

<b)  SET  UP:  We  have  all  the  same  free  body  diagrams  and  force  equations  as  in  part  (a)  but  now  the  static 
friction  force  has  its  largest  possible  value.  f%  = jin  - 15.0  N.  Then  7]  - /#  - 15.0  N. 

E\t:t  tTf:  From  the  equations  for  the  forces  on  the  knot 

T.c<w45.r-r-0  implies  7.  - 7 /cos 45.0°  - ^ ‘ % -2I.2N 

co*  45.0° 

7.  sin  45.0° -7,-0  implies  7>  - 7ssin45.0°-(2l.2  N')sin45.0°-  150  N 
And  finally  7;  - w - 0 implies  w - Tt  = 1 5.0  N. 

EVALUATE:  Compiled  to  put  (a  l.  the  friction  is  larger  in  part  < b)  by  a factor  of  1 1 5.0  1 2.0)  and  u*  is  larger  by 
this  same  ratio. 
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IDENTIFY:  Apply  V /•*  - nm  to  each  block.  Use  Newtwi’s  3M  law  to  relate  force*  on  A and  on  B. 

Set  Up:  Constant  speed  mean*  *r  - 0 . 

Execute:  (u)  Treat  A and  B a*  a single  object  of  weight  + 4.80  N . The  frcc-body  diagram  for  this 

combined  object  is  given  m Figure  5.67a.  ^ P - nttf#  gives  n - w - 4.80  N . fk  - f\n  = 1 .44  N . y*  FM  - imjt 
gives  F * /;-1.44N 

(l>)  The  frcc-body  force  diagrams  for  blocks  A and  B are  given  in  Figure  5.67b.  n ami  /k  are  the  normal  and 
friction  forces  applied  to  Mock  B by  the  tabletop  and  are  the  same  as  in  fort  (a).  is  the  friction  force  that  A 
applies  to  B.  It  is  to  the  right  because  tJ>r  force  from  A opposes  the  motion  of  B.  irrf  is  the  downward  fccce  that  A 
exerts  on  B.  is  the  friction  force  that  B applies  to  A.  It  is  to  the  left  because  block  B wants  A to  mote  with  it. 
rr t is  the  nonrnl  fccce  that  block  B exerts  oo^.  By  Newton’s  third  law.  /u  — fLi  and  these  forces  arc  in  opposite 
directions.  Also.  nt  - n^,  and  these  forces  are  xn  opposite  directions. 

£P  - nuj  for  block  A gives  nA  - wg  =*  1 .20  N . so  ng  - 1 .20  N . 
f\nt  ^ (0.300)1.20  N)- 0.36  N . and  /u  ^ 0.36  N. 

Y P.  - for  Nock  A give  T- fu -0.56N 

V r.  - mu.  for  Mock  H giver  F - * /,  - 0.36  N + 1 .44  N = 1 SO  N 

EVALUATE:  In  part  ta)  block  A is  at  rest  with  respect  to  B and  it  has  zero  acceleration.  There  is  no  horizontal 
force  on  A besides  friction,  arxl  the  frxtion  force  on  .1  is  7xra.  A larger  force  F is  ncc&d  xn  part  (bk  because  of  the 
friction  force  between  the  two  blocks. 


Hick  A 

Figure  5.67a 


' "a 

bksk  A 


IDENTIFY:  Apply  V /*  - irta  to  the  brush.  Constant  speed  means  a - 0.  Target  variables  arc  two  of  the  forces 
on  the  brush. 

SET  UP:  Note  that  tlx  n annul  force  excited  by  the  wall  is  bori/cmtal.  siixc  it  is  perpendicular  to  the  wall.  The 
kinetic  friction  force  exerted  by  the  wall  is  parallel  to  the  wall  and  opposes  the  motion.  so  it  is  vertically 
downward.  The  free • bod v dia cram  is  given  in  Figure  5.6S. 


Execute: 

I'*. 

/?-Pcos53.l°-  0 
n - Pco*53.1c 
A-fK*-fKFc(*S3A 


£p,  - mat 

Psin51.10-H— /4-0 

Psin  S3. 1 ° - h—  //kPcos53. 1 0 = 0 

Ffsin 53. 1 °-u  eos53. 1°)  = w 


P- 


kin53.1c-  ii  cos53.l 
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(a) 


120  N 


- 16.9  N 


sin  53. 1 ° cos  53. 1 ^ *in53.  P-  <0. 1 5>cc»  53. 1 • 

|b>  n-  Fcos53.P  = (16.9  N>ciw53.lD- 10.1  N 

Evaluate:  In  the  absence  of  friction  tr-f  xin53.l°«  which  agrees  with  our  expression. 

Identify:  H>c  net  fixec  at  any  lime  is  FtM  - ma . 

SET  UP:  At  # = 0 , a » 62g  . The  maximum  arcdcration  is  I40g  at  / - 1 .2  ms  . 

Execute:  (a)  - mi  - 62oiK  - 62(210-10  * kg*9.80  m V')  - l.Jx  10  * N . Thu  farce  It  62  limn  Ihc  flea's 

weight. 

(b)  - I40ni?  -2.9x10  ' N . 

(cl  Since  the  initial  speed  is  zero,  the  maximum  speed  is  the  area  under  the  a,  • t graph  This  gives  1.2  m s. 
Evaluate:  a is  much  larger  than  g and  the  net  external  fcecc  is  much  larger  than  the  Ilea's  weight. 

IDENTIFY:  Apply  V /**  - ma  to  the  instrument  aixl  calculate  the  acceleration  Then  use  constant  acceleration 
equations  to  desenbe  the  motion. 

SET  UP:  The  tree  body  diagram  for  the  instrument  is  given  in  Figure  5.70.  The  instrument  lias  mass 
mmwfgm  1.531  kg. 

E\L(  LIE:  (u)  For  on  the  instrument.  - imr,  gives  T -mg  -ma  and  a — - 13.07  m/s*  . 

v;,  “ v - 330  m/s,  a - 1 3.07  m/s*,  / - ? Then  v - vPf  + at  gives  r - 25.3  s . Consider  forces  on  the 
rocket;  nxkcl  has  the  same  j(  . Let  /‘be  the  thrust  of  the  rocket  engines.  F - mg  - ma  and 
/* *7)^(25.000  kg)  (9.S0  m/s*  *13.07  m/*J)  = 5.72x1 0'N  . 

I b>  >*  - v,  » v4>r  + igot * gives y - yp  -4170  m. 

EVALUATE:  The  rocket  and  instrument  have  the  same  acccVrration.  The  tension  in  the  wire  is  over  twice  the 
weight  of  the  instrument  and  the  upward  acceleration  is  greater  thing. 


Figure  5.70 

Identify:  a - dvfdt . Apply  V /*  • ma  to  yourself. 

SET  L’P:  The  reeling  of  the  scale  is  equal  to  the  normal  force  Ihc  scale  applies  to  you. 

EXEC  UTE:  The  elevator’s  acceleration  is 

a - - 3.0  m/s*  + 2(0.20  m/s*)#  - 3.0  m/s*  *(0.40  n \i%)t 

dt 

At  r - 4.0  s,  a - 3.0  m/s*  -t  (0.40  m/s*)(4.0  s)  - 4.6  m/s*  . From  Newton’s  Second  Law.  the  net  force  on  you  is 
-H'«  ma  and 

Fm  - w+ma=( 72  kg)(9.8  m/s*>  + <?2  kg*4.6  m/s*V  1040  N 
EVALUATE:  a increases  with  time,  so  the  scale  reading  is  increasing. 

IDENTIFY : Apply  V F ™ ma  to  the  passenger  to  find  the  maximum  allowed  acceleration  Then  use  a constant 
Acceleration  equation  to  find  the  maximum  speed 

SET  UP:  The  free  body  diagram  for  the  passenger  is  given  in  Figure  5.72. 

Execute:  IF*  ma  gives  n-mg-ma  . n - 1 .6uig  . so  *r  - 0.60  g - 5.8S  m/s* . 

y - y\  -30nu,  - 5.88  m/s* . v0t  =0  so  vj  - v*.  -f  2a  % (y  - yu)  gives  v - 5.0  m/s  . 
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Evaluate:  A larger  final  speed  would  require  a larger  value  of  at  . wh*:h  would  mean  a larger  normal  fonre  on 
the  person. 


mg 

Figure  5.72 

IDLN  llf^ : Apply  ^ V — aid  to  the  package.  Calculate  tf  and  then  use  a constant  acceleration  equation  to 
desenbe  the  motion. 

SET  UP:  Let  +x  be  directed  up  the  ramp 

EXECUTE:  (u>  f\A  - -mgs  in  37-  - /*  - -mg  sin  37”  - ^ tug  cos  37°  - ma  and 

a = -(9.8  m/x^)(0.6Q2  + (0.30>(0.799))  - -S.25m,V 

Since  we  know  th:  length  of  the  slope,  we  can  use  - ij  -f  2a  <x- x.)  with  r4  - 0 and  v - 0 at  the  lop. 


= -2ax  = -2<-K.2S  m/%2 XS.O  m)  - 1 32  m*/**  and  v0  - yj  1 32  m2/s2  =11.5  m/% 

|H)  For  the  trip  back  down  the  slope,  gravity  and  the  friction  force  operate  in  opposite  directions  to  each  other. 

- -wgsin37*  + ;iimgcos37:  = mu  and 

a = jf(-»ln37°-'O.JO ca»J7"»- (9.H  m/V'K<-0  602). (0.301(0.799)) ^ -3.55  m/s1  . 

Nimwthavc  v„  - 0.  i.  - -8.0  m.  r - 01  jtk!  v*  = if  *•  2ati- * 0*-2(-3.5S  m/s'x-d.O  m)-56.8  m:/%‘ . «i 
v - j56lT  m 7?  = 7.54  m/%. 

Evaluate:  In  hath  cases,  moving  up  the  incline  and  moving  down  the  incline,  the  acceleration  is  directed  dawn 
the  incline.  TTic  magnitude  of  a is  greater  when  the  package  is  going  up  the  incliix.  because  mgsan  37'  and  t\  are 
in  the  same  direction  whereas  when  the  package  rs  going  down  these  two  forces  arc  in  opposite  directions. 
iDEVim : Apply  V F — ma  to  the  hammer.  Since  the  hammer  is  at  rest  relative  to  the  bus  its  acceleration 
equals  that  of  the  bus. 

SET  UP:  The  free  body  diagram  for  the  hammer  is  given  in  Figure  5.74. 

Execute:  £ /;  - «I»T.  gives  r sin  74”  - mg  - I)  so  7* sin  74:  = mg.  £F4  = m*jt  gives  T cos  74*  = mu.  Divide  the 


a - 2.8  m/s1 . 


second  equation  by  the  first:  — = — - — 

g tan74” 

Evaluate:  When  the  acceleratKin  increases  the  angle  between  the  rvpe  and  the  ceiling  of  the  hus  decreases, 

and  the  ancle  the  rope  mikes  with  the  vcrtaral  increases. 


Figure  5.74 

iDLVIin : Apply  V /**  “ ma  to  the  washer  and  to  th:  crate.  Since  the  washer  is  at  rest  relative  to  the  crate.  thc*c 
two  objects  have  the  &imc  acceleration. 

SET  UP:  The  free  body  diagram  for  the  washer  is  given  xn  Figure  5.75. 

EXECUTE:  It’s  interesting  to  look  at  the  string's  angle  measured  from  the  perpendicular  to  the  lop  of  the  crate. 
This  angle  is  O - 90°  - angle  measured  from  the  top  of  the  crate  . The  free- body  diagram  for  the  washer  then 
leads  to  the  following  equations,  using  Ncwtcef  s Second  Law  and  taking  the  upslofv  direction  as  positive: 

-iw„  gsinfl^  + T'sin^^  - m,a  and  T sin 0ttmt  - m„  (<i  r g sin^ ) 

-m^gco*#.  -f  T cos 0 = Oaixl  T cos  0 - m^gcosO 


Applying  Newtek's  Laws  5*33 


5.76. 


5.77. 


Dividinc  the  two  equations:  Ian# 


a + gnnOM 


■m 


gC088Qt.tv 

Icr  the  crate,  the  competent  of  the  weight  along  th:  slope  is  and  the  nonml  fcoee  is  mtg  cos04k^. 

Unng  Newton's  Second  Law  again:  -mg an  0 -f ji^mgco&O^  -ma  . ^ — — . This  leads  to  the 

8 °°*^* 

interesting  observation  that  the  siring  will  hang  at  an  angle  whose  tangent  is  equal  to  the  coeftiomt  of  kinetic 
friction: 

^ *Un0^  = 13*90°- 68°)  « tan  22* -0.40. 

Evaluate:  In  the  limit  that  ;/k  -♦  0 . 04>-^  -♦  0 and  the  string  is  perpendicular  to  the  top  of  the  crate. 

As  fi^  increases.  increases. 


iDEMItY:  Apply  V /**  • ma  to  yourself  and  calculate  a.  Then  use  constant  acceleration  equations  to  describe 
the  motion. 

SKI  L’P:  The  free  body  diagram  is  given  in  Figure  5.76. 

Execute:  (u)  £/•*.  - mu,  gives  n - mgccuf/  . Y/'  -wd.  gives  in^sina  - /k  - rr\j  . Combining  these  two 
equations,  we  have  u - #(sina  - /ikcos  a)  - -3.094  m/s'  . Find  your  stopping  distance: 

V4  = 0.  a4  - -3.0^4  m/s\  v*,  - 20  m/%  . v?  = >f4  -t  2«74(.y  - *#)  gives  y - x , - 64.6  in.  which  is  greater  than  40  m 
You  don’t  stop  before  you  reach  the  hoic.  so  you  fall  into  it. 

(b)  a,  - -3.094  m/s1,  x - x.t  - 40  m,  \\  »0 . v3,  - tj,  + 2iz4(.y  - xt ) gives  v0t  - 16  m/s. 

EVALUATE:  Your  stopping  distaixe  is  pcxpottional  to  the  square  of  your  initial  speed,  so  your  initial  speed  is 

proportional  to  the  square  root  of  >our  stopping  distance.  To  stop  in  40  m instead  of  64.6  m your  initial  speed  must 

be  (20  m’si  1 40  m - 16  m's  . 

tn 


IDENTIFY:  Apply  V /•’  — md  to  each  block  and  to  th:  rope.  The  key  idea  in  solving  this  problem  is  to  rccogni/c 
that  if  the  system  is  accelerating.  the  tension  that  block  A exerts  on  the  rope  is  ditVcnrnt  from  the  tension  that  block 
B exerts  on  the  rope.  (Otherwise  the  rxt  fcccc  on  the  rope  would  he  zero,  and  the  rope  couldn’t  accelerated 
SKI  UP:  Take  a positive  coordinate  directicei  fiv  c»:h  ctojcct  to  he  in  the  direction  of  the  acceleration  of  that 
object.  All  three  objects  have  the  same  magnitude  of  acceleration. 

Execute:  The  Secood  Law  equations  for  the  three  ditTcrent  parts  of  the  system  arc: 

Bkick  A (The  only  horizontal  forces  on  .1  arc  tensxm  to  the  right,  and  friction  to  the  left!:  -fMjnAg  r Tt  - m/». 
Bkick  B (The  only  vertical  forces  on  B are  gravity  down,  and  tensxm  up):  mjg  - 

Rome  (The  forces  on  the  rope  along  the  direction  of  its  motkin  arc  the  tensions  at  cither  end  and  the  weieht  of  the 


portion  ot  the  rope  that  hangs  vertically):  + ** 


-r  - 


r 
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5.78. 


5.79. 


T»>  solve  far  a aiul  eliminate  the  tensions.  add  the  left  hand  sidrs  and  right  hand  sides  of  the  three  equations: 
J\  . s _mk+mAdiL)-fim 


+ «***♦  or  a-R {m'+m  m y 


(a)  When  f\  - 0.  a - y — : 2 As  the  system  moves,  d will  increase,  approaching  L as  a limit,  and  thus 

the  acceleration  will  approach  a maxonum  value  of  a = g 


{m4+mk  + /nA) 

(b)  For  the  blocks  to  Just  begin  moving,  a > 0.  so  solve  0 - [«*  -f  m,{d>  L)-  fj%mA ) for  d.  Note  thit  we  mutf  use 
static  fraction  to  find  d for  when  th:  block  will  begin  to  move.  Solving  fee  d.  J — —I  urn . -w»)  or 


d ~ ol|2okg<0,2S(2 ks'"° 4 kg* = 063 nL 

(c>  When  ui*  - 0.04  kg.  d - flclVkg  < Q-2S<2  kg) -0.4  kg)  - 2.50  m . TTiis  is  not  a physically  possible  situation 

since  d > L.  The  blocks  won’t  move,  no  matter  what  portion  of  the  rope  hangs  over  the  edge. 

EVALUATE:  For  the  blacks  ta  move  when  released,  the  weight  of  U phis  the  weight  of  the  rope  thit  Kings 
vertically  must  be  greater  than  the  maximum  static  friction  force  an  A.  which  is  hji  - 4.9  N . 
iDEMltv  : Apply  Newton’s  1st  law  to  the  rope.  Let  mx  be  the  miss  of  that  part  of  the  rope  that  is  on  the  table, 
and  let  m,  be  the  mass  of  thit  part  of  the  rope  thit  is  hanging  over  the  edge.  ( m + nj:.  - m.  the  total  mass  of  the 
rope).  Since  the  mass  of  the  rope  is  not  being  neglected,  the  tension  m the  rope  varies  along  the  length  of  the  rope. 
Let  The  the  tension  in  the  rope  at  thit  paint  that  is  at  the  edge  of  the  tabV:. 

SET  UP:  The  free  body  diagram  for  the  hanging  section  of  the  rope  is  given  in  Figure  5.78a 


y - 9 


Execute: 

I/*  = ma, 


Figure  5.78a 

SET  UP:  The  free  body  diagram  for  that  pari  of  the  rope  that  is  on  the  table  is  given  in  Figure  5.78b. 


Execute: 

Ir. 

o 

n - mjr 


When  the  inavimum  amount  of  rope  hangsover  the  edge  the  static  frxlion  has  its  maximum  value: 

AuM*mfWg 

I 

T-f-a 

Use  the  first  equation  to  replace  T: 

™igmMJ*g 

The  fraction  that  hangs  over  is  — — — 

m »,+//.<*,  I + fj 

Evaluate:  As  hk  ->0.  the  fraction  gees  to  zero  and  as  -♦  <io,  the  fraction  g«xs  to  unity. 
iDf.MltY:  First  calculate  the  maximum  acceleration  that  the  static  fricticei  face  can  give  to  the  case.  Apply 
to  the  case. 


Applying  Newtek's  Laws  5«3S 


5.80. 


5.81. 


(a)  Sir  Up:  The  sialic  friction  force  is  lo  Ihc  right  in  Figure  5.79a  l northward | since  it  Incs  to  make  the  case 
move  with  the  truck.  Th:  maximum  value  it  can  have  is  f%  - fJ%S. 

EXECUTE  : 

L-  _**  z^--. 

" - “Vf  - o 

It-«S 

/. = w - RmS 


tr 

Fkurc  5.79* 


f.mna 

P.m?  = 

a-p.y.^  (0.30)(9.80  mV)  - 2.94  m'f 

The  truck's  acceleration  is  less  than  this  so  the  case  doesn't  slip  relative  to  the  truck;  the  ease’s  acceleration  is 
a - 2.20  m’s:  (northward).  Then  /4  - ma  - (30.0  kg)(2.20  mh? ) - 66  N.  northward. 

( l> > IDENTIFY:  Now  the  acceleration  of  the  truck  is  greater  than  the  acceleration  that  static  friction  can  give  the 
ease.  Therefore,  the  ease  slips  relative  to  the  truck  and  tie  frxlion  is  kinetic  fricticei.  The  friction  force  still  tries  tc 
keep  the  ease  moving  with  the  truck,  so  the  acceleration  of  the  ease  and  the  frxlion  force  arc  both  southward  The 
tree* body  diagram  is  sketched  in  Figure  5.79b. 

SET  UP: 

Execute: 

Z'.— . 

n-mg  -0 

f.  = M,1*#  ~ 10.20X30.0  kgM9.K0  m V ) 
r - 59  N,  southward 


EVALUATE:  K - ma  implx-s  a - — 


59  N 


2.0  ms*.  The  magnitude  of  the  acceleration  of  the  case  is  less 


nt  30.0  kg 

than  that  of  the  truck  and  the  ease  sli&s  toward  the  front  of  the  truck.  In  both  parts  (a)  and  <b)  the  fricticei  is  in  the 
direction  of  th:  motion  and  accelerates  th:  ewe.  Frxlion  opposes  relatiy'c  motion  between  two  surfaces  in  contact. 
IDK.MIFY:  Apply  V /’*  - ma  to  the  car  lo  calculate  its  acceleration.  Thm  use  a constant  accclcratxm  expiation  tr 
Find  the  initial  speed. 

SET  UP:  Let  +x  he  in  the  direction  of  the  car's  initial  velocity.  The  fnction  force  ft  is  then  in  the  -.v -direction 
192  ft  -58.52  m . 

EXECUTE:  ji  - rrtg  and  fk  - Jitmg  . y /'.  - m<i'  gives  -//ktrtg  -/nat  and 

a t - -f\g  - -I0.750H9.S0  nVsJ ) - -7.35  mi1 . v - 0 (stops),  x - xo  - 58.52  m vj  « + 2a  {x  - x4)  gives 

a J-2d.  (.*-*,)  = ^/-2(-7.35m,s*H58.52  ml  ^ 29 3 m s - 65.5  mih  . He  was  guilty. 


x - x • L— — Ll  -.lil-  If  his  initial  speed  had  been  45  mih  he  would  have  stopped  in 
2d  2d 


Evaluate: 

-11™!  <192  ft) -91  ft . 

[ 65.5  mih  } 

IDENTIFY:  Apply  V /**  — ma  to  the  point  where  the  three  wires  join  and  also  to  one  of  the  balls.  By  symmetry 
tlw  tenuem  in  each  of  the  35.0  cm  wires  is  the  sanx. 
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5.«r 


5.83. 


SET  LtP:  Tbc  geometry  of  the  situation  jv  sketched  in  Figure  5.81a  The  angle  ^ that  each  wire  makes  with  the 

vertical  is  given  by  sin l — and  ^ - 15.26^ . Let  r,be  the  tension  in  the  vertical  wire  and  let  7*rf  be  the 

47.5  cm 

tcnsicei  in  each  of  the  other  two  wires.  Neglect  the  weight  of  the  wires.  Tlx  free  body  diagram  for  the  left-hand 
ball  u given  in  Figure  5.81b  and  for  the  point  where  the  wires  Join  in  Figure  5.81c.  n is  the  force  ooc  ball  exerts  on 
the  other. 

EXECUTE:  ( u > - / iw.  applied  to  the  ball  gives  T j cos**  - n%  - 0 . 

r,  - -2£-  - ll-"k-|l>,Um<')  152  N . Then  Y F - me  -.plied  In  Figure  5.81c  give*  T,  - IT,  cot*  - 0 mid 
cos^  cos  15. 26 

Ta  = 2(152  N )cos^  - 294  N . 

(I»l  ^Fm  -mat  applied  to  the  ball  gives  /j-7*,sin^  - Oand  n -(152  N ) sin  15-26°  - 40.0  N . 

Evaluate:  T equals  the  total  weight  of  the  two  halls. 


l.VQcm 


IDENTIFY:  Apply  y /**  “ »ia  to  the  box.  Compare  the  acceleration  of  the  box  to  the  acceleration  of  the  truck  and 
use  constant  acceleration  equations  to  describe  tbc  motion. 

SET  LtP:  Both  objects  have  acceleration  in  the  sanx  direction:  take  this  to  be  the  direction 
Execute:  If  the  block  w ere  to  remain  at  rest  relative  to  tlx  truck,  the  friction  force  would  need  to  cause  an 
acceleration  of  2.20  m/s* ; however,  the  maximum  acceleration  possible  due  to  static  friction  is 
(0.19X9.80  m/s1)- 1 .86  m/s\  arxi  so  the  block  will  move  relative  to  the  truck:  the  accefcration  of  the  box 
would  be  - (0. 15K9.K0  m/%2)  - 1.47  m/s1.  The  difference  between  the  distance  the  truck  moves  and  the 
distaixc  the  box  moves  (iv  . the  distaixc  the  box  moves  relative  to  the  truck!  will  be  1.80  m alter  a time 


2(1.80  m) 


In  this  time,  the  truck  moves  1 


(2.20  m/V  -1.47  m/s  ) 
= t(220m/sJ>  (2.221  %)2  - 5.43  m. 


-2.221s. 


Evaluate:  To  prevent  the  box  from  sliding  otT  the  truck  the  coefficient  of  static  friction  would  have  to  he 
fj%  >(2.20  =0.224. 

I DEMin : Apply  V F - ma  to  each  block.  Forces  between  the  blocks  arc  related  by  NcwlceTs  3rd  law.  Tlx 
target  variable  is  the  force  F.  Block  B is  pulled  to  the  left  at  constant  speed,  so  block  A moves  to  the  right  at 
constant  speed  and  tr  - 0 foe  each  bkick. 

SET  L’P:  Tbc  freebody  diagram  for  block  A is  given  in  Figure  5.83a  nki  is  the  normal  force  that  B exerts  on  A. 
fut  ~ Finki  **  ibe  kinetic  friction  force  that  B exerts  on  A.  Block  A moves  to  tbc  right  relative  to  B.  and  fkt 
opposes  this  motion,  so  fki  is  to  the  left. 


5.84. 


Applying  Newtek's  Laws  5*37 


Note  also  that  F acts  lust  on  B.  not  on  A. 


Execute: 

Y,F. 1BM. 

- <0.30)0.40  N> - 0.420  N 


ZF-  ^a"'- 

T ~ ft*  - 0 
r- /*,  * 0.420  N 

SET  UP:  Tbc  free  body  diagram  for  block  B is  given  in  Figure  5.83b. 


Execute:  is  the  normal  force  tha!  block  A exerts  on  block  B.  By  Newton’s  third  law  n ^ and  nkM  are  equal 

in  magnitude  and  opposite  xn  direction.  so  - 1.40  N.  fM  is  tbc  kinetic  friction  force  that  A exerts  on  B.  Block 
B moves  to  the  left  relative  to  A and  opposes  this  motion,  so  fM  is  to  the  nght. 
fm  ^ f\nM  ^ (0.30M1  40  N > - 0.420  N. 

n and  f arc  tlic  normal  and  friction  force  exerted  by  the  floor  on  block  B\  ft  - jikn.  Note  that  block  B moves  to 
the  left  relative  to  the  floor  and  f\  opposes  this  motion,  so  fk  is  to  tbc  right. 

; m,j. 

it-ir,  -0 

n = w§  + it ^ a 4.20  K-f  MON  - 5.60  N 
Then  fk  - /ikn  ^ <0.30)|S.60  N)  - 1.6S  N. 

I 

fm*T  + fi-F  = 0 

F = T + fMt  /,  = 0.420  N - 0.420  N - 1 .68  N - 252  N 

Evaluate:  Note  that  fAk  and  fAi  are  a third  law  action- reaction  pair,  so  they  must  be  equal  in  magnitude  and 
opposite  in  direction  and  this  is  indeed  what  our  calculation  gives. 

lDI-\  : Apply  V F - our  to  the  person  to  find  the  federation  the  PAPS  unit  produces.  Apply  constant 
acceleration  equations  to  her  free-fall  motion  and  to  her  motion  alter  the  PAPS  fires. 

SET  UP:  We  take  the  upward  direction  » positive. 

Execute:  The  explorer’s  vertical  acceleration  is  -3.7  m/V  for  the  first  20  s.  Thus  at  the  end  of  that  time  her 
vertical  velocity  will  be  v,  - a,t  - <-3.7  m/s:(<20  *>  - “7*1  m/s.  She  will  have  fallen  a distance 

d _ vm(  - 1 — ’ |<  20  s>  - -740  m and  will  thus  be  1200  m - 740  m - 460  m above  the  surface  Her  vertical 

velocity  must  reach  zero  as  she  touches  the  ground:  therefore,  taking  the  umition  point  of  the  PAPS  as 
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5.85. 


«>  huch  in  the  vertical 


acceleration  that  must  be  provided  by  tlu:  PAPS.  The  tinx  it  takes  to  reach  tlx  ground  is  given  by 

0-(-?4  nit's) 


\ -v 


- 2.4  i 


a%  5.95  m/s* 

Uung  Newton's  Second  Law  for  the  vertical  direction  FfAPU  -t  mg  - /tw  . This  gives 

F,m.  ml  a * *->  ^ (1 50  kg)(S.9S  - (-3.7)1  m/»'  = 1450  N , 

which  it  tlx  vertical  component  of  the  PAPS  force.  The  v ehicle  must  also  be  brought  to  a stop  horizontally  in 
12.4  seconds,  the  acceleration  needed  to  do  this  is 

„ 33^,2.66n,;» 

• I 12.4  s 

and  the  force  needed  is  F9An±  - ma  - (150  kg  M2. 66  m/s* ) - 400  N , since  there  an:  no  otlxr  horizontal  forces. 
Evaluate:  The  acceleration  prodixed  by  the  PAPS  must  bnng  to  zero  both  Ixr  horizontal  and  vertical 
corr^ionents  of  velocity. 

IDENTIFY : Apply  y F - tna  to  each  block.  Parts  |ai  and  l b>  will  be  danc  together. 


Note  that  each  block  has  tlx  same  magnitude  of  accclcratxm.  hut  in  different  directions.  For  each  block  Vrt  the 
direction  of  a be  a positive  coordinate  direction. 

SET  L’P:  The  free  body  diagram  for  blocks  is  given  in  Figure  5.85b. 
v 

EXECLTC: 

r.»-™.8 

r.»  = ".(*>  + 8) 

T„  = 4.00  kg(2.00  mV  9.S0  m'l  47.2  N 

I n;urt  5.85b 

SET  L’P:  The  free  body  diagram  for  block  B is  given  in  Figure  5.S5b. 


Execute: 
n - m .g  - C 


A - Ak"  - = (0.251)12.0  kg*9.80  111.*')=  29.4  N 

- r„  . /,  my>  - 47.2  N » 29.4  N . (12.0  kgW2  00  mi'  > 
r.  - 100.6  N 


Applying  Newtek's  Laws  5-39 


5.86. 


5.87. 


SKI  UP:  The  free  body  diagram  for  block  C is  sketched  xn  figure  5.SSd. 


Execute: 

Z.F.ama> 

r. 


6N 


u •- 


12.9  kg 


g-o  9.80 mV  -2. 

Figure  5.8  5d 

EVALUATE:  If  all  three  blocks  are  considered  together  as  a single  ctoject  and  ^ f ' - m a is  applied  to  this 
combined  object,  /w,  g - mAg  -/VWj#  - (*w4  + Wj  ♦ Using  the  values  for  mt  and  mk  given  in  the 
problem  and  the  mass  m,  we  calculated,  this  equation  gives  a - 2.00  m'sJ,  which  checks. 

I DEV  | if  a : Apply  V /•*  - fna  to  each  block.  They  have  the  same  magnitude  of  acceleration,  a. 

SET  UP:  Consider  positive  accelerations  to  be  to  the  right  (up  and  to  the  right  for  the  left-hand  block,  down  and 
to  the  right  for  the  nght-harel  block  I. 

Execute:  (u)  The  forces  along  the  inclines  and  the  acceleration*  are  related  by 

T -(100  kg)$?sm30o  — (ICO  kg  hr  and  150  kg)£sinS3°  - T - (50  kg|o,  where  T is  the  tension  xn  the  cord  and  i?  th: 
mu  tui  I magnitude  of  acceleration.  Adding  these  relations. 

(50  kg  sin  53°  - 100  kg  sin  30 *)g  - (50  kg  ♦ 100  kgfcj.  or  u - -0(67#.  Since  a cotres  cnit  negative;  the  blocks  will 
slide  to  the  left;  the  100-kg  block  will  slide  down.  Of  course,  ifcoordimtes  had  been  chosen  so  that  positive 
accelerations  were  to  the  left,  a would  be  *0.06?#. 

|b)  a -0.067(9.80  in/*1)  = 0.658  m/i\ 

|c>  Substituting  the  value  of  a (including  the  proper  sign,  depending  on  choice  of  coordinates)  into  either  of  the 
above  relations  invoking  T yields  424  N. 

EVALUATE:  for  part  (a)  we  could  have  compared  mgsmO  for  each  block  to  determine  which  direction  the 
system  would  move. 

IDENTITY : Let  the  tensions  in  the  ropes  he  T and  7*,. 


Figure  5.S7a 

Consider  the  forces  on  each  block.  In  each  case  take  a positive  coordinate  direction  in  the  direction  of 
acceleration  of  that  block. 

SET  UP:  The  free  body  diagram  for  «i.  is  given  in  Figure  5.87b. 


Execute: 
JV  - ma 

Ti=mPi 


s,  r 


figure  5.87b 
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SKI  UP:  The  fro:  body  diagram  for  ut  . is  given  in  FiL’urc  5.87c. 


Execute: 

LF,mma, 

mg  -T.-  m.d-. 


-t, 

■ ' L 

y 

Figure  $JJ7c 

This  gives  us  two  equitions.  but  there  arc  4 unknowns  ( 7j,  Ty  ami  a}  > so  two  more  equations  arc  required 
SKI  UP:  Tbc  tree-body  diagram  for  the  moveable  pulley  (mass  am)  is  given  in  Figure  5.87d. 


Execute: 

ms»  ♦ T.  - 2T.  - uut 


Figure  5.87d 

But  our  pulleys  have  wgligibV;  mass,  so  mg  - ma  - 0 and  7^  - 27*(.  Combine  these  three  equitions  to  eliminate 
and  7*. : m.g  - - m sai  gives  m:g  - 2T  - fn.fi  y And  then  with  7]  - m^c i ( we  have  m,g  - 2 am  <i(  - Jn}ay 
SET  UP:  There  are  still  two  unknowns.  ax  and  ay  But  the  accelerations  ax  and  a.,  arc  related.  In  any  time 
interval,  if  rr,  moves  to  the  right  a distance  d.  then  in  tbc  same  time  am:.  moves  downward  a distance  d/2.  One  of 
the  constant  acceleration  kinematic  equations  says  x - a;,  - \\.J  + if  ff-  moves  half  the  distance  it  must 

have  half  the  acceleration  of  am  : = ax  >2,  or  <j,  - 2 a:. 

Execute:  This  is  the  additional  equation  we  need.  Use  it  in  the  previous  equation  ami  get 
mlK  " 2a  (2tf|)  - HI  fly 


and  a - - 


4/t?,  *t 

Evaluate:  If  m. 


4.W  t-AM 


If 


» m..  a,  - g and  a - 2 g. 


iDEVniY:  Apply  Y r - md  to  block  /?.  to  block  A and  0 as  a composite  object  ami  to  blork  C If  A ami  8 slide 
together  all  three  blocks  have  the  same  magnitude  of  acceleration. 

SKI  UP:  If  A and  8 don’t  slip  the  friction  between  them  is  static.  The  tree-body  diagrams  for  block  8,  for  bku 
A and  8 . and  for  C arc  given  in  Figures  5.88a*c.  Block  C accelerates  downward  and  A and  8 accelerate  to  the  ri 
In  each  case  take  a positive  ccwrdinatc  direction  to  be  in  the  direction  of  the  acceleration.  Smcc  block  A moves 
the  right,  tb:  friction  force  f%  on  block  8 is  to  the  right,  to  prevent  rehtivc  motion  between  the  two  blocks.  Wien  C 
has  its  largest  mass.  j\  has  its  largest  value:  £ - j/.,J  • 

Execute:  - mat  applied  to  the  block  8 gives  - mAa  . it  - mxg  and  ft  - am^ 

a - . y F - nw  applied  to  blocks  A * 8 gives  T - nt  utf  - m^f^g  ■ y F - fna  applied  to  bkick  C gives 


m.g-T^m.a.  g - m tvfi%g  - m,  ptg . m,  -- 

l-K 


0.750 

1-0.750 


-29.0  kg. 


<5.00  kgf 


5T 


Applying  Newtek's  Laws  5-41 


Evaluate:  With  DO  friction  from  tb:  tabletop,  the  system  accelerates  na  matter  how  small  the  mass  of  Cis. 
If  m,  is  less  than  39.0  kg.  the  friction  force  that  A exerts  on  B is  less  than  fi%n  . If  m.  is  greater  than  39.0  kg. 
blocks  C and  A have  a larucr  acceleration  than  friction  can  give  to  block  B and  A accelerates  out  from  under  B 


f 


"At 


'I 


r 

t+jxtC 


Figure  SM 


5.89.  Idem  it Y : Apply  the  method  of  Lxetcisc  5.19  to  calculate  the  arceicration  of  each  object.  Then  apply  constant 
acceleration  equations  to  the  motion  of  the  2.00  kg  object. 

SET  L7P:  After  the  5.00  kg  object  reaches  the  floor,  the  2.00  kg  object  rs  in  free-fall,  with  downward  acceleration  g. 
Execute:  Hie  2.00  kg  object  will  accelerate  upward  at  g = 3g/7,  and  tb:  5.00  kg  object  w ill 

accelerate  dowmv  ard  at  3g/7.  Let  the  initial  height  above  the  ground  be  J\  . When  tbc  large  object  hits  the 
ground,  the  small  object  will  be  at  a height  2^( . and  moving  upward  with  a speed  given  by  v*  - 2 ah4  - 6 gh*  jl . 
The  small  object  will  continue  to  nsc  a distance  »*'/2#  - 3^/7,  and  so  the  maximum  lieight  reached  will  he 
2 A,  + 3*.  fl  - 1 lktp  - 1 .46  in  above  tb:  floar . which  is  0.S60  m above  its  initial  height 
EVALUATE:  The  small  object  is  1.20  in  above  the  iloev  when  the  large  object  strikes  the  floor,  and  it  rises  an 
additional  0.26  m after  that. 

5.90.  IDEYIIFY:  Apply  Vf’  -ma  to  the  box. 

SET  L'P:  Tbc  box  has  an  upward  accekrration  of  a = 1 .90  ms*  . 

Execute:  The  floor  exerts  an  upward  force  n on  the  bax.  obtained  from  /i  - mg  - /wo.  or  n - m<u  r g).  The 
frictHHi  force  that  needs  to  be  balanced  rs 

fiKi t >■  /1J n<a  r g)  m (0.J2H28.0  kgK 1 .90  mf%‘  »9.80  ir!i) - 105  N. 

EVALUATE:  If  the  elevator  wasn't  accelerating  the  normal  force  would  be  w - uig  and  the  fnctxm  force  that 
would  have  to  be  overcome  would  he  S7.S  N.  The  upward  acceleration  increases  tb:  normal  force  and  that 
increases  the  friction  force. 

5.91.  iDEMltY : Apply  V /’’  - ma  to  the  block.  The  cart  and  the  block  have  the  same  acceleration.  The  normal  force 
exerted  by  tbc  cart  on  the  block  is  perpendicular  to  the  front  of  the  cart,  so  is  horizontal  and  to  the  right.  The 
friction  force  on  the  block  is  directed  so  as  to  hold  the  block  up  against  the  downward  pull  of  gravity.  We  want  to 
cakuhtc  the  minimum  a required,  so  take  static  friction  to  have  its  maximum  value.  - fin. 

SET  LTP:  Tbc  free  body  diagram  for  the  block  is  given  in  Figure  5.91. 


Figure  5.91 


na 


2A- 

/.  - mK  - 0 


Execute: 

£/*. 

n - ma 

A - K*  “ Kmif 


*a8>K 

Evaluate:  An  etoserver  on  tbc  cart  secs  the  blcek  pinned  there,  with  no  reason  for  a horizontal  force  on  it 
because  tb:  block  is  at  rest  relative  to  the  earl.  There  free,  such  an  observer  concludes  that  n - 0 and  thus  ft  - 0. 
and  he  doesn’t  understand  what  holds  the  block  up  against  the  downward  force  of  gravity.  Tbc  reason  fre  this 


M2  Chapter  5 


5.92. 


5.93. 


5.94. 


difficulty  is  that  ; f - ma  docs  no!  apply  in  a coordinate  frnnv  attached  to  the  cart.  This  reference  frame  is 
accelerated,  and  hence  not  inertal.  The  smaller  fi%  is.  the  larger  a must  he  to  keep  the  block  pinned  against  the 
front  of  the  cart. 

iDEVIlfY:  Apply  Y F - ma  to  each  block 

SET  UP:  Use  coordinates  where  -t.v  is  directed  down  the  incline. 

Execute:  (u|  Since  the  larger  block  (the  trailing  block)  has  the  larger  coetVicient  of  friction,  it  will  need  to  be 
pulled  down  the  plane;  i.c.,  th:  larger  block  will  not  move  fatter  than  the  smaller  Mock,  and  the  blocks  will  have 
the  same  acceleration.  For  the  smaller  block.  (4.00  kgjg(sin30°  - (O.25)cos  30°)-  T - (4.00  kgki.  or 
11.11  N - T - (4.00  kgkr.  and  similarly  for  the  larger.  15.44  N-f  T*  (8.00  kg>a  . Adding  these  two  relations. 
26.55  N = <12.00  kgfcj.  a ^2. 21  m/s\ 

<b)  Substitution  into  either  of  the  above  relations  gives  T - 2.27  N. 

(c>  The  string  will  be  slack.  The  4.00  kg  block  will  have  a - 2.78  in/*2  and  the  S.OO-kg  block  will  have 
a - 1.93  m/s\  until  the  4.00  kg  block  overtakes  the  8.00  kg  Mock  and  collides  with  it. 

EVALUATE:  If  the  stnng  is  cut  the  acceleration  of  each  Mock  will  be  independent  of  the  mass  of  that  block  and 
will  depend  only  cei  the  slope  angle  and  the  coetVicient  of  kinetic  frxtion.  The  8.00-kg  block  would  hav  e a smillcr 
acceleration  even  thoaigh  it  his  a larger  mass,  since  it  has  a larger  . 
iDiA  TOY : Apply  Y t ' - ma  to  the  block  and  to  the  plank. 

SET  UP:  Iloth  objects  have  a-  0 . 

EXECUTE:  Let  na  be  the  normil  fcece  between  the  plank  and  the  block  and  n t h:  th:  normal  force  between  the 
block  and  the  incline.  Then.  nA  - w cos#  and  nA-nM+  3wco*tf  - 4ncos0.  Th:  net  frictional  force  on  th:  block  is 


. To  move  at  constant  speed,  this  rmni  balance  the  campvoomt  of  the  block’s  weight 
along  the  incline,  so  3u’rin0  = ^Sh-coc#.  are!  -^tantf -£tan3?: -0.452. 

EVALUATE:  111  th:  absence  of  the  plank  the  blixk  slides  down  at  constant  speed  when  the  slope  angle  and 
coetVicient  of  friction  are  related  by  ta nO  - . For  O - 36.9^  . - 0.75  . A smaller  is  needed  when  the  plank 

is  present  because  the  plank  provides  an  additional  friction  force. 

IDENTIFY:  Apply  Y /’*  - ma  to  the  ball,  to  ml  and  to  m, 

SET  Up:  The  free  body  diagrams  for  the  ball,  m and  m.  arc  given  in  Figures  5.94a*c.  All  three  objects  have  the 
same  magnitude  of  acceleration  In  each  case  take  the  direction  of  a to  be  a positive  coondinatc  direction. 
Execute:  (ul  £F  - mu  applied  to  the  ball  gives  T co*0  -mg.  Y^F-  mu  applied  to  th:  hall  gives 
T sin 0 - met . Combining  these  two  equations  to  eliminate  T gives  lanfJ  - atg  . 

(b)  YFt  - ma t applied  to  m}  gives  T - m u . Y.Fm  - ma,  applied  to  m{  gives  mig  - T - . Combining  these 


two  equations  gives  a - 


v . Then  tan  0-  M 


250  kg 


1 5UJ  kg. 


and  0 - 9.46"  . 


(cl  As  becomes  much  larucr  than  m-. . a — > g and  tanfJ  -♦  1 . so  0 45 


EVALUATE:  The  d^icc  requires  that  the  ball  is  at  rest  relative  to  the  platform;  any  motxm  swinging  bark  and 
forth  must  be  damped  out.  When  «i,  « m % the  system  still  accelerates,  hut  with  small  a and  0 -*  0°  . 


" ^ * 

Figure  5.94n  c 


Applying  Newton's  Laws  5-43 


5.95. 


5.96. 


Identify:  Apply  Yf  - md  to  the  automobile. 


SKI  UP:  The  correct  bankini!  ancle  is  tor  zero  Inchon  and  is  given  bv  tan />  - — . as  derived  in  Example  5.23. 

g* 

Use  coordinates  that  arc  vertical  and  hon/xmtal.  since  the  acceleration  is  horizontal. 

Execute:  For  speeds  larger  than  . a fractional  force  is  needed  to  keep  the  car  from  skidding.  In  this  case,  the 
inward  force  will  consist  of  a part  due  to  the  rarmal  force  n and  the  frxtion  force  f ; n sin//  r f cos//  - mu^.  Tlie 
nocmal  and  friction  forces  both  haw  vertical  components:  since  tlxre  is  no  vertical  acceleration. 

n cc*s/J  - / sin/?  - mg.  Using  f - and  ^ ^ 225  g tan  p.  thrse  two  relations  bcconx 

i»sin p t-  p neotp  - 2.25  mg  tan  //  and  ncoip  - /j  r:sin //  - mg  . Dividing  to  cancel  n gives 

iinfl+ii  cos//  1.25  sin// cos// 

— 2.25  tan//.  Solving  for  u and  simplifying  viekls  u,  - — Using 

cos//~x«n//  1 + 1.25sin'// 

P - arctanj  2 — 'L-l - IS.7^  gives  -0.34. 

lj9.S0  nVV  Kl20ni)J  6 

Evaluate:  If  fj%  is  insufficient.  the  car  skxls  away  from  the  center  of  curvature  of  the  roadway,  so  the  friction  in 
inward. 

IDENTIFY:  Apply  ^/*  - ma  to  the  car.  The  car  moves  in  the  arc  of  a horizontal  circle,  so  a - a ^ directed 
toward  the  center  of  curvature  of  the  roadway.  Tlx  target  variable  is  the  speed  of  the  car.  will  be  calculated 
from  the  fonres  and  then  v will  be  calculated  from  - V* >R. 

(a)  To  keep  the  car  from  sliding  up  tlx  banking  the  static  fnclion  force  is  directed  down  the  incline.  At  maximum 
speed  the  static  friction  force  has  its  maximum  value  f -nn. 

SET  Up:  The  free  body  diagram  for  the  car  is  sketched  in  Future  5.96a. 


L 

nsinp  + fi%n  cos  p - nw,^ 

/tf«n  //  r //.  cos//)  - ma^ 

Use  the  Y /*  equal  xm  to  replace  /j: 

mg 


ctxtp  - u sin  // 


Execute: 

ZF, mma, 

;jcos//  - /4  sin  p - mg  - 
[3ut  f \ - fi  n,  so 
/icos //  - it  /jsin  p - mg 

, 

cat  p - ti  sin  it 


[*\nB  + iico%p\-ma 


- 


sin//  r //  cos// 
cos//  - sin  // 


R 


sin  25°+ (0.30  lco*25° 
cos25°- <0.301  sm  25° 


(9.80  m s') -8.73  mfr* 


aial  - i 3 / R implies  v - yjatmiR  - J(8.73  ms*X50  m)  - 2 1 mi's. 

<l>)  IDENTIFY:  To  keep  the  car  from  sliding  Johyi  the  hanking  tlx  static  friction  force  is  directed  up  the  incline. 
At  the  minimum  speed  the  static  fricticoi  fcece  has  its  maximum  value  fK  - jt/i. 
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5.97. 


5.98. 


5.99. 


SET  UP:  Tbc  froc-body  diagram  far  Ihc  car  u sketched  in  Ficurc  5.96b 


The  frcc-bixly  diagram  is  identical  to  that 
in  pun  i a I except  that  now  the  components 
i>f  f%  hive  opposite  directions.  The  force 
equations  arc  all  the  same  except  for  the 
opposite  sign  for  terms  containing  //.. 


figure  5.96b 


Execute: 


_ i _ r Mn2S’  -l0.30|cot25;  \ ^ _ , ,,  mV 

-1  { cos  ff  - //  sin  /}  ; \ cos25:*(0.30)xin25:  / 


v - yJatU  R ^ ^<1.43  msJ  K50m)  -8.5  m's. 

EVALUATE:  For  r between  these  maximum  and  minimum  values,  th:  car  is  held  coi  the  rxud  at  a constant  height 
by  a static  friction  force  that  is  less  than  fi%n.  When  u.  ->  0.  - yVjn/f.  Our  analysis  agrees  with  tbc  result  of 

Example  5.23  in  this  special  case. 
iDEVtlFY:  Apply  Y F - ma  to  the  car. 

SET  UP:  1 mill  - 0.447  ms  . The  acceleration  of  the  car  is  - v fr . directed  toward  the  center  of  curvature 

of  the  nxidway. 

EXECUTE:  (u>  HO  mi/h  - 35.7  m/%  . The  centripetal  force  needed  to  keep  the  car  on  the  road  is  provided  by 

friction;  thus  - i—  and  r - - — — — - 171m. 

, Mtg  10.76*9.8  it vV) 

|b>  If  /jt  -0.20 , 

v ^ = J(171  m> (0.20)  (9.8  m s*)  ^ 18.3  m/s  or  about  4 1 mi/h  . 


(c>lt>  -0.37. 


i -%/(17l  m)  (0.371 19.Sm  %-)  - 24.9  m/s  or  about  56  mi/h 
The  speed  limit  is  evidently  designed  for  these  conditions. 

Evaluate:  The  maximum  safe  speed  is  proporticmal  to  J/T  . ^0.20/0.76  - 0.51 . so  the  maximum  safe  speed 

for  wct*icc  conditions  is  about  half  what  it  is  for  a dry'  road. 

iDLViiTY:  The  analysis  of  this  problem  is  the  same  as  that  of  Ilxanplc  5.2 1 . 

> 

SETUP:  From  Example  5.21,  tan/?--i± 

X nt 

Execute:  Solving  for  V in  terms  of  Jf  and  R . v - yjymR  tan  p - ^'<9.80  m/s*  ><50.01  tan  30.0:  - 1 6.8  m/s . about 
60.6  km/h. 

EVALUATE:  The  greater  the  speed  of  the  bus  the  larger  will  be  th:  angle  //.so  7 will  have  a larger  horizontal, 
inward  camporxnt . 

Idem  it X and  SET  UP:  Tlx  monkey  aixl  bananas  have  th:  same  mass  and  th:  tension  in  the  rope  has  the  sanx 
upward  value  at  the  bunanas  and  at  the  mccikey.  Therefore,  the  monkey  and  bananas  will  have  the  same  net  force 
and  hence  the  sanx  acceleration,  in  bath  imgnitude  and  direction. 

EXECUTE:  (u)  For  the  monkey  to  move  up.  T > mi?  . The  bananas  also  move  up. 

<b>  The  bananas  and  monkey  move  with  the  sanx  arcdcration  and  the  distarxe  between  them  remains  constant. 

(c)  Both  the  monkey  and  bananas  arc  in  free  fall.  They  have  the  same  initial  velocity  and  as  they  fall  th:  dcstonce 
between  them  doesn't  change. 

(d)  Tlx  bananas  will  slow  down  at  tlx  same  rate  as  the  monkey.  If  tbc  monkey  conxs  to  a stop,  so  will  the 
bananas. 

EVALUATE:  None  of  these  actions  bring  the  monkey  any  closer  to  the  bananas. 
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5.100. 


5.101. 


5.102. 


IDKCTHY:  Apply  Y /’*  - mu  . with  f - At  . 

Si:r  UP:  Follow  the  ;milv sis  that  lead*  to  Lq.fS.10).  except  now  the  initial  speed  is  vu  - 3mg/k  - 3i.  rather  than 


EXECUTE:  The  separated  equation  of  motiem  has  a lower  limit  ot*  3v,  instead  of  <h  specifically, 

fjfL-mm.inj-L-iL-i,.  cv. 2. 1 it^l. 

i v-v,  -2»,  { 2v,  2)  01  |_2  J 

EVALUATE:  As  / -»<©  the  speed  approaches  vg . The  speed  is  always  greater  than  v(  and  this  limit  is  approached 
from  above. 

IDENTITY:  Apply  £/*  - ma  to  the  rock. 

SET  UP:  liquations  5.9  through  5.13  apply,  but  with  ^ratbrr  than  g as  the  initial  acceleration. 

EXECUTE:  (u)  The  rock  is  released  from  rest,  and  so  there  » initially  no  resistive  force  and 

at  -<1S.0  Nl/<3.00  kg)  -6.00  m/»’. 

lb)  (IS  O N - (2.20  N Vm)  <3.00  m/*»/(3.00  kg)  - 3 K0  m/s‘. 

(c)  Tlic  net  force  must  be  1.80  N.  so  hr  - 16.2  N and  .-<16.2  N)/(220  N -s/m)  - 7J6  m/%. 

Id)  When  the  net  force  is  equal  to  zero,  and  hence  the  acceleration  is  zero.  At,  - 18.0  N and 
v,  — ( 1 8.0  N)/(2.20  X • s/m) -8.18  m/s. 

(e)  From  Eq.(5.12), 

,•,(8.18  m/s)  1 2.00 s) - ^ m 

From  Hq.  (5.10k  v,<8.1S  mjs ||  1 - f "*1* H - 6 iq  m/s. 

From  l:q.(5. 1 1).  but  with  a,  instcadofg,  a - (6.00  m/%-  . | ,3S  mfs1. 

(0  l-l.OI-r  ‘•'"araJ  /-—In  (101-3.14%. 

v,  i 

EVALUATE:  The  acceleration  decreases  with  tmx  until  it  becomes  zero  when  v - v, . The  speed  increases  with 
time  and  approaches  r as  / — > x . 

IDLMITY:  Apply  Y F - tna  to  the  rock,  a and  v yield  ditTcrential  equations  that  can  be  integrated  to 

di  dt  * 

give  rtOand  *(/). 

SET  UP:  The  retarding  force  of  the  surface  is  th:  only  horizontal  force  acting. 

EXECUTE:  (a)  Thus  a - _ LL  _ _1_! — and  — - -—Jr  Inteerating  gaves  I — - I di  and 

m m m di  v'  m r*  m*v 

2^|:,-^.msgivesv,v4-i^.iX- 

* in  01  4 m 

_ t ,,  dx  stfki  *V  , . . \fhdt  A-Vd/ 

l or  the  rock  s position:  — — v.  - and  dx  - v.dl  -t  — ■ . 

1 dt  mi  4m*  ^ m 4 m£ 

. . tfb*  kV 

Integrating  gives  a - vj  - -j—  + ^-7 

(h)  v a 0 - v*  1- Tins  is  a quadratic  equation  in  /:  from  the  quadratic  formula  we  can  find  the  simile 

m 2m' 


solution  r 


2mvV 


(c)  Substituting  the  expression  for  / into  the  equation  for  .r: 

T.r  ,2-if  4Af  k1  8m  V,f  2aiiv;>j 


>1 


EVALUATE:  The  macnitiuie  of  the  average  acceleration  is  a 


Y 


.V 


3k 

. The  a scrape  force  is 

1 201V.  2 /k)  2 m 


- 0iir^  > which  is  1 times  the  initial  value  of  the  f«cc. 
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>103. 


5.104. 


5.105. 


IDLMUY:  Apply  Y /*  - irm  to  the  object.  with  and  without  including  the  buoyancy  force. 

SET  UP:  At  the  terminal  speed  v, . a - 0 . 

Execute:  Without  buoyancy.  k\  - mi*,  so  X - — !!!£—.  With  buoyancy  included  there  is  the  addatxmal 

»;  0.36  x 

upward  buoyancy  force  B.  so  B+kv  - mg  . B - mg  - k\  - mg  I I - - ' - uig  /3  . 

I 0.36  m/x  J 

Ev  aluate:  At  the  tcrinimi  speed.  B and  f - kv  together  equal  nt£.  The  presence  of  B reduces  the  value  of/ 

required,  so  the  presence  of  B reduces  the  terminal  speed. 

IDENTIFY:  The  block  has  acceleration  a ^ = v /r , directed  to  the  left  in  the  figure  in  the  problem.  Apply 
y r - ma  to  the  block. 

SET  UP:  The  block  moves  in  a horizontal  circle  of  radius  r - 1.25  m)  * -(1.00  mV  - 0.75  m Each  string 

1.00  m 

makes  an  angle  0 with  the  vertical,  cos 0 - 


:: 


. so  0 - 36.9*  . The  free*  body  diagram  for  the  block  is  given  in 


figure  5.  UM.  Let  tr  be  to  the  left  and  krt  +>*  be  upward 
Execute:  (a)  V r - mi%  gives  r cos  o-r  cos  o - mg  - o . 


r.-r  - 


,4„tsX»»W>  .,0N_ 


lh)  VP.  -mu,  gives  (7*4  +T{)s\x\0  - «i  — . 


r«  T r T )sin 0 /(0.75  mXSO.O  X t 31.0  N>wn36.9* 


m 

3.53  ms 


2,Tr  2t<0.75  m> 


(OH  remO^mg  ana  7 


4.1X1  kg 

0.749  revs  - 44.9  rcvmin  . 

(4.00  kg  )l  9.80  m's‘> 


3.53  ms.  The  number  of  rcvoluticms  per  second  is 


yj  nn(/ 


cos  0 

10  75  m'H49.0  N)xin36.9v” 
4.00  kg 


- 49.0  N . r sintf-w— . 


cos  36.9' 

2.35  m/s  . The  number  of  revolutions  per  minute  is 


3.53  m s ) 

EVALUATE:  The  tension  in  the  upper  stnng  must  he  greater  than  th:  tension  in  the  lower  string  so  that  toucther 


[44.9  rev.  min )i  ‘ ' I - 29.9  rev  nun 


they  prodixc  an  upward  component  of  force  that  balances  the  weight  of  the  block. 


I DEV  niY : Apply  Y F - ma  to  the  falling  object 

SET  UP:  follow  the  steps  that  lead  to  f q.(5.IO).  except  now  !, , - vt  and  ix  not  zero. 


Applying  Newtco'x  Laws  5-4? 


5.106. 


5.107. 


dv 

EXECUTE:  (a)  Newton’s  2nd  law  gives  m — 1 - n\g  - kr  . where 


k 1 J Y -!  M> 


Iliiv  is  (he  same 


expression  used  in  (he  denvatii>n  ofliq.  1 5. 10k  except  (he  lower  limit  in  the  velocity  integral  rs  the  initial  speed  va 
instead  of  zero.  Evaluiting  the  integrals  and  rearranging  gives  » - \\/e  J^“  ♦ »',(!  - e k,w).  Note  Out  at  / - 0 this 
expression  says  \\  - \\.  and  at  / ->  a it  says  \\  — > vr 

<li)  The  downward  gravity  force  is  larger  thin  the  up^rd  fluid  resistance  force  so  the  acceleration  is  downward, 
until  the  fluid  resistance  force  equals  gravity  when  the  termirul  speed  is  reached.  The  object  speeds  up 
until  \\  - t, . Take  +y  to  he  downward.  7T»c  graph  is  sketched  in  figure  5.105a. 

(c)  Tlie  upward  resistance  fcccc  is  larger  than  the  downward  gravity  force  so  the  acceleration  is  upward  and  the 
object  slows  down,  until  the  fluid  resistance  force  equals  gravity  when  the  terminal  speed  is  reached.  Take  +y  to 
be  downward.  Th:  graph  is  sketched  in  figure  5. 105b. 

(d)  When  i’,  - »*,  the  acceleration  at  t - 0 is  zero  and  remains  zero:  the  velocity  is  constant  and  equal  to  the 
terminal  velocity. 

Evaluate:  In  all  cases  the  speed  becomes  »,  as  / -»  ^ . 


figure  5.105a.  h 


IDCOUY:  Apply  Y/  - ma  to  the  rock. 

SET  L!P:  At  the  maximum  height,  v - 0 . Let  +»’  he  upward.  Suppress  the y subscripts  cm  v and  a. 

Execute:  (u)  To  find  the  maximum  height  and  time  to  the  top  without  fluid  resistance:  v*  - i£  ♦ 2a{y  - >:,)  and 

v-  v, l.&i  m.  / — 0.61  s. 

2 4i  2(-9i  nv's2)  4i  -9.8  m.'sJ 


x 


(l»|  Starting  from  Ncwtcm  v Second  Law  tor  this  situation  m mg  - A\  . we  rearrange  and  integrate,  taking 

i it 

dowmvaid  as  positive  as  in  the  text  and  noting  thxt  the  velocity  at  the  top  of  the  rock’s  flight  is  zero: 


C-— 

* V - V.  Ti 


-i.  -2.0  m s 


i— v,  -6.0  m/s-2.0  nv's 


IK0.25)-- 1.386 


1 rotn  l:q.(S.9).  m/k  - v,/g  ^(2.0  m/s*)/<9.8  m/%2)  ^ 0204  s, and  f = -SL<- 1.386)  = (0201  s) (1.386)  - 0.283 


to  the  top.  Lquition  5.10  in  the  text  gives  us  - vt(\  - e <w)  - i,  - v,c 

;lf 


« jdr  « j v,«ft  - J - vf  +^(r  -II 


.v  = <2.0  m/i)  (0.283  *|»(2.0  m/*)  10.204  sX®*""  -l)*0.26  m . 

EVALUATE:  With  tlind  resistance  present  the  maximum  height  rs  much  less  and  the  time  to  reach  it  is  less. 

Ideyiify:  Apply  Y / - ma  to  the  car. 

SET  UP:  The  forces  on  th:  car  are  th:  air  drag  fcccc  fb-D\‘  and  the  rolling  friction  force  f/.mg.  Take  the 
velocity*  to  be  in  the  +x  -direction.  Th:  forces  are  opposite  in  direction  to  the  velocity. 

EXECUTE:  (u)  £/•*.  - ntrf,  gives  — J - j/tmg  - hu/  . We  can  write  this  equation  twice,  once  with  v - 32  m/s 
and  a - — 0.42  m/s'  and  once  with  i - 24  m/s  and  a - -0.30  mV.  Solving  these  two  simultawous  equations  in 
the  unknowns  D and  ^ gives  //. -0.015  and  D - 0.36  S 

(b)  n - jji#  cos//  aixl  the  campocxnt  of  gravity  paralk:!  to  the  incline  is  mg  sin/?  . where  p - 2.2°.  foe  constant 
speed,  mg  sin  2.2°  -//mg  cos  2.2°  -/>»*  =0.  Solving  for  v gives  v-29  m/s. 


S-4S  Chapter  5 


5.1  OS. 


5.109. 


(c>  For  angle  fi . mgs  in  ft  - fjtmg  cos  fi  - Dr*  -0  and  v - ^ lcnninal  speed  for  a falling 

object  is  derived  frven  /Ji*  - mg  - 0.  to  v,  - <JmgfD.  vf  v,  - ^sin  fi  - //,  cos //  . Ami  since 
p.  -0.015.  v/v,  - J«n//-<0.015lcos/y  . 

EVALUATE:  In  part  (c),  i -*  v,  as  /y  — * 90°  . since  in  lhal  limit  the  incline  becomes  vertical. 

IDENTITY:  Apply  V F - ma  to  the  person  and  to  the  cart. 

SET  UP:  The  appircnt  weight,  . which  is  the  same  as  the  upward  force  on  the  person  exerted  by  the  car  scat. 
EXECUTE:  (a)  The  apparent  weight  is  the  artual  weight  of  the  person  minus  the  centripetal  force  needed  to  keep 
him  moving  in  its  circular  path: 


= 0°  kg' 


(b|  The  cart  will  lose  contort  with  the  surface  when  its  appxircnt  weight  is  zero:  i.e..  when  the  nxid  no  longer  has  to 

exert  any  upward  force  on  it:  mg  - 1—  - 0 . v- ^Rg  - y]{  40  ml  (9S  m s* ) - I9.S  m/s  . The  answer  doesn’t 

depend  on  the  cart’s  mass,  because  the  centripetal  force  needed  to  bold  it  on  the  road  is  proportional  to  its  mass  and 
so  to  its  weight,  which  provides  the  centripetal  force  in  Ihis  situation. 

Evaluate:  At  the  speed  calculated  in  part  tbl.  the  downward  force  needed  for  circular  motion  is  provided  by 
gravity.  For  speeds  greater  than  this  more,  downward  force  is  nccdxl  and  there  is  no  source  for  it  and  the  cart 
leaves  tbc  circular  pith.  For  speeds  less  than  this,  less  downward  force  than  gravity  is  needed,  so  the  roadway  must 
exert  an  upwanl  vertical  force. 

(a)  IDENTIFY:  Use  the  infornxition  given  about  Jena  lo  find  the  time  / for  one  revolution  of  lb:  merry- go- round. 
Her  acceleration  is  directed  in  toward  the  axis.  Let  Ft  be  the  horizontal  force  that  keeps  her  from  sliding  off. 
Let  her  speed  be  v(  jnd  let  R^  be  her  distance  from  the  Axis.  Apply  V / - ma  to  Jena,  who  moves  in  uniform 
circular  motion. 

Set  Up:  Tbc  tree-body  diagram  for  Jena  is  sketched  in  Figure  5. 109a 

v Execute: 

£yr‘c"M* 

■ XVtrf  . 


i-  . er 

r,i  - ni— . \ - > 1 - 1.90  m's 


figure  5.109u 


The  time  for  ooc  revolution  is  t - 2xR.  ( . Jackie  goes  around  once  in  tb:  same  lime  but  ber  spvccd 

v.  vv i 

(Vj)  and  the  radius  of  her  circular  path  </?j)  arc  ditTcrent. 

IDEs  I1TY : Now  apply  V F - ma  to  Jackie.  She  also  moves  in  uniform  circular  moticvi. 

SET  UP:  Tbc  free  body  diagram  for  Jackie  is  sketched  in  Figure  5.109b. 


Execute: 

Y.F- 

F;  - mu. 


, -m±J “ V£i]( j i"”](6O0 N,  .120.0 M 

R2  { R.  ){  R{  Jl.  m } ; Rx)  \ 1.S0  m ) 

« ^4 » 


Applying  Newtek's  Laws  5-49 


5.110. 


5111. 


Evaluate:  Both  girls  rotate  together  so  luxe  the  some  period  T.  By  Eq.(5. 16),  is  larger  for  Jackie  so  the 
force  on  her  is  larger.  I3q.fS.I5)  says  Rt  U\  - Ri  fv3  so  i\  - i\(/?j  //?,);  thss  agrees  with  our  result  in  (a). 
iDEvntv:  Apply  Y/  - m a to  the  passenger.  The  passenger  has  acceleration  atU  . directed  inward  toward  the 
center  of  the  circular  path 

SET  L’P:  The  passenger's  xelooly  is  v - 2m  Rjt  -8.80  m/s.  The  vertical  component  of  the  seal's  force  must 
balance  th:  passenger's  weight  and  the  horizontal  campocxnt  must  provide  the  centripetal  force. 

w 

Execute:  (u)  F^  sxntf- mg  - 833  N and  F^  cos 0 — - IKS  N . Therefore 

tain  — | 833  \)/<  18S  N)  - 4.43;  0 - 77.3°  abox*c  the  horizontal.  The  magnitude  of  the  net  force  exerted  by  the 
seat  (note  that  this  is  not  the  net  force  on  the  passcngerl  is 

.(18ttN>-  -S54  N 

(h)  The  magnitude  of  the  force  is  the  same,  but  the  horizontal  component  is  rex^rsed. 

EVALUATE:  At  the  highest  point  in  the  molxin.  F^  - mg  - ~ (>45  N • At  the  knvest  point  in  the  motion. 

V* 

- mg  + /w—  - 1021  N . The  result  in  parts  (a)  and  (b)  lies  between  these  extreme  values. 

IDF.MIFY:  Apply  Yf  - ma  to  the  person.  The  person  moves  in  a hcci/ixUal  circle  so  his  acceleration  is 

- v*  i R.  directed  toward  the  center  of  the  circle.  The  target  variable  is  the  coefficient  of  static  friction  between 

iiidcr.  v = (0.60  rev's)) ~ | - (0.60  revi l ( ?*i:  " ml  J _ 9.425 


the  person  and  the  surface  of  the  evlinder 


ms 


(a)  SET  UP:  The  problem  situation  is  sketched  in  figure  5 


figure  5.111a 


The  frec-body  diagram  for  the  person  is 
sketched  in  figure  5.111b. 

The  person  is  held  up  against  gravity  by 
the  static  frxlion  force  exerted  on  him 
by  the  wall.  The  acceleration  of  the  person 
is  a ..  directed  xn  towards  the  axis  of  rotation. 


figure  5.111b 

(b)  EXECUTE:  To  calculate  the  minimum  ut  required,  take  f\  to  haxe  its  maximum  value.  fK  - fj%n 

f.-mg=0 
A"  - «« 

Combine  these  two  equitions  to  eliminate  n: 
fijnv*  f R - wg 

Rg  (ISmMfcflOntf*1) 

T'  (9.425  m s)* 


- 0.28 
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>112. 


5.113. 


5.114. 


(c)  EVALUATE:  No,  the  ma»  of  the  person  divided  out  of  the  equation  for  Abo,  the  smaller  //.  is.  th:  larger 
»•  must  h:  to  keep  the  person  from  sliding  down.  Foe  smaller  fj%  the  cylinder  must  rotate  faster  to  nuke  >\  larger 
enough. 

IDENTIFY:  Apply  V /’*  - ma  to  the  combined  object  of  motorcycle  plus  rid^. 

SET  UP:  The  object  has  acceleration  - vm  fr . directed  toward  the  center  of  th?  circular  pith. 

Execute:  ( u > For  the  tires  not  to  lose  contact,  th^c  must  be  a downward  force  on  the  tires.  Thus,  the 

> 

v" 

(downw  ard)  acceleration  at  the  lop  of  the  sphere  must  exceed  mgn  so  m — > mg.  and 

R 


v>Jg$  = yji 9.80  m/s*)  (13.0  m)  - 1 1.3  m/s. 

(b)  The  (upward)  acceleration  will  then  be  4g.  so  the  upward  normil  force  must  be 
Smg  -5(110  kgl  19.80  mA1)-  5590  N. 

EVALUATE:  At  any  nonzero  speed  the  normal  force  at  the  boetcon  of  the  pith  exceeds  the  weight  of  the  object. 
KDEVnFY:  Apply  V / - ma  to  your  friend.  Your  friend  moves  in  th:  arc  of  a circle  as  the  ear  turns. 

(a)  Turn  to  the  right  Th:  situation  is  sketched  in  Figure  5.1 13a. 


As  viewed  in  an  inertial  frame, 
in  the  absence  of  sutlicicnt  fnction 
your  thend  deesn’t  make  the  turn 
completely  and  you  move  to  th:  right 
toward  vcmr  friend. 


Figure  5.1 13a 

(b)  The  maximum  radius  of  the  turn  ts  the  one  that  mikes  Just  equal  to  the  maximum  acceleration  that  static 
friction  can  give  to  your  Trend,  and  for  this  situation  ft  has  its  maximum  value  ft  - //.«. 

SET  L’P:  The  free  body  diagram  for  your  friend,  as  viewed  by  someone  standing  behind  the  car.  is  sketched  in 


Figure  5.113b. 


•..i 


Execute: 

IT  - ill#  - G 

it  - ikv 


Figure  5.113b 


ft  n - iwr' R 
ft  mg  - mv' t R 

v*  _ (20  b*)1 

/c 120  m 

utR  (0.35K9.K0  m s*) 

EVALUATE:  The  brger  it  is.  th:  smaller  the  radius  R must  be. 

IDLN  WY:  The  tension  /**  in  the  stnng  must  be  the  same  as  the  weight  of  the  hanging  block,  and  must  also 
provide  th:  resultant  force  necessary  to  keep  the  block  on  the  tabV:  in  uniform  circular  motion. 

SET  UP:  The  acceleration  of  the  block  is  a - v*tr , directed  toward  the  hole. 


Execute:  A/g-F-M— . so  v-  JgrAifm. 


EVALUATE:  The  brger  A/  is  th:  creator  must  be  the  speed  r,  if  r remains  the  same. 


Applying  Newton's  Laws  5-51 


5.115. 


iDIAiitv:  Apply  V / - ma  to  the  circular  motion  of  the  bead.  Abo  use  l:q.(5.16)  to  relate  to  the  period  of 
rota tii-ci  T. 

SET  UP:  The  bead  and  hoop  are  sketched  in  Figure  5.11 5a. 


The  bead  mines  in  a circle  of  radrus 
R-rxm/l. 

The  normal  fcece  exerted  on  the  bead  by 
the  hoop  is  radially  inward. 


Figure  5.115a 

The  free-body  diagram  for  th:  bead  is  sketched  in  Figure  5.1 15b. 

Execlhe: 

ncoifl-  mg  - 
n — mgfcD&p 

I'.—. 

ft  sin  ft  - Ahrlrf 

Combine  these  two  eqiutions  to  eliminate  n: 
tinfl  - 


cos  p 

"n/1 
cm/I  g 

a)M  = v‘/R  and  v-  laRIT,  «i  - Ajt'RIT1  . where  7"  u the  lime  fc*  one  revolulion. 

. _ 4sVsm/» 

/c  - rsinp,  so  at ^ ■ ^ 

....  . sin/y  4.T>Hn/y 

Uve  this  in  the  abine  equation 

<os  P T'X 

This  equation  is  satisfied  by  sin p - 0.  so  p - 0.  or  by 

1 4*V  . . ,t  rS 

. which  gives  cos  if  

cos/y  r:g  b ' 4r*r 

(a)  4.00  rev  -s  implxs  T ^ (1/4.00)  s ^ 0250  s 

ru  <0.250  s>*<9.80  iw**)  ...  ..  .. 

Then  cos  fi  and  0-81.1*. 

4T*(0.l«im) 

(b)  This  would  nx*an  /i  - 90°.  But  cos90:  - 0.  so  this  requires  T ->  0.  So  p appreuches  90:  as  the  hoop  rotates 
very  fast,  but  p - 90°  rs  not  possible. 

(c)  1.00  rev  s implies  T - 1.00  s 

The  cos/y  - - — — equation  then  says  cos p - - ■ — j — 2.4K  which  is  not  possAilc.  The  only  way  to 

have  the  V / - md  equations  satisfied  is  for  sin/y  - 0.  This  means  p -0;  the  bead  sits  at  the  bottom  of  the  hoop. 


5-52  Chapter  5 


>.116. 


5.117. 


5.118. 


EVALUATE:  ft  ->  90°  as  T ->  0 (hoop  moves  faster).  The  largest  value  T can  have  is  given  by  T*gl(4x*r)  - 1 so 
T - 2.Tyjr>g  - 0.635  s.  Thts  corresponds  to  a notation  rate  of  (1/0.635)  revs  - 1.58  rev's.  Fora  rotation  rate  lew 
than  1 .58  rev's,  fi  - 0 is  the  only  solution  and  the  bead  sits  at  the  bottom  of  the  hoop.  Part  (c)  is  on  example  of  this. 

iDiMltY:  a.  - — and  a - Then  apply  ^F  - md  tocakruLite  the  components  of  the  net  farce. 

SKI  UP:  The  components  of  F deter  min;  its  magnitude  and  direction. 

Execute:  (a)  Differentiating twice.  - -6pt  and  at  - -2d.  so 

(2.20  kg) <-0.72  N/s)r  = -(1.58  N's)r  and  F%  - mat  = (2.20  kg) ( - 2.00  m/s1 ) — 4.40  N . 

( l> > The  graph  is  given  in  Figure  5.1 16. 

(c>  Al  f - 3.00  *.  /;  - -4.75  N and  F - -4.40  N.  *i>  F %/< -4.75  S)‘ i- (-4.40  N)1  - 6.48  N at  an  angk  of 

EVALUATE:  F is  constant  and  negative.  F is  zero  at  t - 0 and  bcconxs  increasingly  mcee  negative  as  / 

increases. 

i (ml 


- 2 


r.r*i 


I DEN  WY : The  velocity  is  tangent  to  the  path.  The  acceleration  has  a tangential  competent  when  the  speed  is 
changing  and  a radial  component  when  the  path  is  curving. 

SKI  L!P:  a ^ is  toward  the  center  of  curvature  of  the  path  is  parallel  to  r when  the  speed  is  increasing  and 
intiparallel  tor  when  the  speed  is  decreasing.  The  net  force  F is  proportional  to  a 
EXECUTE:  Hie  diagram  is  sketched  in  Figure  5. 1 1 7. 

Evaluate:  P . a , and  F all  change  during  the  motion. 

v -0  


IDEVIIKY : Apply  y / - md  to  the  car.  It  has  acceleration  a ^ . directed  toward  the  center  of  the  circular  path. 
SKI  UP:  The  analysis  is  the  same  as  in  Example  5.24. 

Execute:  |u>  F . - /m\  g ♦ — * = (1.60 kg)f 9.80mSJ  -•  1 11  ‘ — 1=61.8  N. 

R i 5. 'Ml  tn 


JC 


9.80  m1!1  - |l^'0  ro*|> 


5.IX)  m 

pushes  lit 7»»7J  on  the  car.  The  magnitud:  of  this  force  is  30.4  N. 
Evaluate:  PhlFA.lFi-lmg. 


-30.4  N. . where  the  minus  sign  indicates  that  the  track 


Applying  Newtek's  Laws  5*53 


5.119. 


5.120. 


5.121. 


IDENTIFY : The  analysis  is  tbc  same  as  for  Problem  5.96. 

SET  L’P:  The  speed  « related  to  the  period  by  v - 2;r RjT  - 2*/iitan  fl)t T . or  T - IrAitan  fi)fy . 
Execute:  The  maximum  and  minimum  speeds  are  th:  same  as  those  found  in  Prxrtilcxn  5.96, 


_ cos  p + u sin  /> 

K^.lg*lan/;  • and  r 

mp-iLcmp 


vj\  tan  // 


cos />  - p sin  p 
sin// -t  i/  cos// 


The  minimum  and  maximum  valurs  of  the  period  T are  then 

r - 2.7 


m/f-p. 


inu  / ^ 2se 


S coxff+usmfl 


h tan  fl  sin  + cos  p 
g cosP-p  sin/* 


EVALUATE:  Tor  p - 0 the  results  for  the  speeds  reduce  to  v - v - Jgh  . h The  result  for  v then 

tan  p 

agrees  with  the  result  in  Example  5.23,  if  we  take  into  account  that  in  this  problem  p is  measured  from  the  vertical 
whereas  in  Example  5.23  it  rs  measured  relative  to  the  horizontal. 

IDENTIFY:  Apply  V r - ma  to  the  block  and  to  the  wedge 

SET  L’P:  For  both  parts,  take  the  .v-dirccticei  to  be  horizontal  and  positiv  e to  the  nght.  and  the  .redirection  to  be 
vertical  and  positive  upward.  The  normal  force  between  the  block  and  the  wedge  is  ;j:  the  normal  force  between  th: 
wedge  and  tbc  horizontal  surface  will  not  enter,  as  tb:  wedge  is  presumed  to  have  zero  vertical  acceleration.  The 
horizontal  acceleration  of  the  wedge  is  A.  and  the  components  of  acceleration  of  tbc  block  arc  and  a 
Execute:  (u)  The  cquaticeis  of  motion  are  then  MA  - -nsina  . nujt  - nsina  and  ma  - ncotta  - uig  . Note 
that  tbc  nornul  force  gives  the  wedge  a negative  acceleration;  the  wedge  is  expected  to  move  to  the  left.  These  are 
three  equations  in  four  unknowns.  .4.  at%  a . and  n.  Solution  is  possihV:  with  the  imposition  of  the  relation  between 
A . at  and  a,  . An  observer  on  tbc  wedge  is  not  in  an  inertial  frame,  and  shoukl  not  apply  Newton's  laws,  hut  the 
kincnxitic  relation  between  the  componrnts  of  arccleration  are  not  so  restricted.  To  such  an  observer,  the  vertical 
Acceleration  of  the  bkick  is  a, . but  the  horizontal  acceleration  of  tbc  block  is  <iK  - A.  To  this  observer,  tbc  block 

descends  at  an  angle  a . so  the  relation  needed  is - tan  a.  At  this  point,  algebra  is  unavoidabV:  A 

possible  approach  is  to  eliminate  a by  noting  that  a - ~—A  . using  this  in  the  kinematic  constraint  to  eliminate 

m 

i z and  then  eliminating  ji.  The  results  arc: 


4- 


(M  t m I tana  -f  (.l//tana) 

^ 

(A/  + m>  tana  t- (AZ/tunai 

-g(A/  ♦ m)  tana 


' (.1/  ♦ m)  tana  -f  (A//Uncr) 

(b)  When  M » m.A  ->  0.  » expected  I tbc  large  block  won't  move!.  Also. 

v tan  ft 

n.  -> v g sin  a cos  a which  is  tb:  acceleration  of  the  block  l gsina  in  this  case), 

tan  a r (l/tan  a)  tan  a*  I 

with  the  factor  of  cos  a giving  the  horizontal  component.  Similarly,  a.  -♦  -gsin'a  . 

(c)  The  trajectory  is  a spiral. 

EVALUATE:  If  m » .1/  . our  general  results  give  u -(land  a - -g  . The  massive  block  accelerates  straight 
downward,  as  if  it  were  in  free-fall. 

IDENTIFY:  Apply  y F - ma  to  the  block  and  to  the  wedge 

SET  L'P:  From  Problem  5.120.  mat  - nsxna  and  mat  - n cos  a - mg  for  the  block.  at  - Ogives  at  -gtana  . 
EXECUTE:  If  the  blixk  Ls  not  to  move  vertically,  both  the  blcek  and  the  wedge  have  this  horizontal  acceleration 
and  the  applied  force  must  be  F - (.1/  -f  m)a  - (.1/  tM)^tnia  . 

EVALUATE:  F -t  0 us  a ->  0 and  F w is  a -t  ^ . 
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>122. 


5.123. 


5.124. 


IDENTIFY:  Apply  £/*  - ma 

SET  UP:  Let  he  directed  up  the  romp 

Execute:  The  norma)  force  that  the  ramp  exerts  on  the  box  will  he  n - iieosa  - 7s inr/  . The  rope  provides  a force  of 
7co*0  up  the  ranp.  and  the  eompooent  of  the  weight  down  th:  ramp  rs  usnu/  . Thus,  the  net  force  up  the  ramp  is 
F — 7cos0- it'sanr/  -/jt(wcosr/  -7sin0)  - Hcos^t  ^/tsin0j-  ittsiiwz  -t  ^/tcos</) 

Tlte  acceleration  will  be  the  greatest  when  the  first  term  in  parentheses  is  greatest  and  this  occurs  when  tan  0 - 
Evaluate:  Small  0 means  F is  more  nearly  xn  the  direction  of  tb:  motion.  But  i)  — » 90°  means  F is  directed  to 
reduce  the  normal  force  and  thereby  reduce  frxliorv  Th:  optimum  value  of  0 is  somewhere  in  between  and 
depends  on  . When  fik  - 0 . the  optimum  value  of  0 is  0 - 0°  . 

IDENTIFY:  Use  the  results  of  Problem  5.44. 

SET  L’P:  / ( x ) is  a minimum  when  — - 0 ami  — > 0 . 

dx  dx 

Execute:  u>  f - pkwi{cQ%0 + 

(b)  The  graph  of/*  versus  0is  given  in  Figure  5.12.1. 

|c) F is  minimized  at  tan//  - For  ^ - 0.25  t 0 = 14.0° . 

Evaluate:  Small  0 means  F is  more  nearly  in  the  direction  of  the  motion.  But  O -♦  90'  means  F is  directed  to 
reduce  the  normal  force  and  thereby  reduce  frxlion.  Th:  optimum  value  of  0 is  somewhere  in  between  and 
depends  on  u . 


320 
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Figure  5.123 

IDENTIFY:  Apply  V F - ma  to  the  ball.  At  the  terminal  speed,  a - 0 . 

SET  LtP:  For  convenient,  take  the  positive  direction  to  be  down,  so  that  foe  the  baseball  released  from  rest,  the 
acceleration  and  velocity  will  be  positive,  and  the  speed  of  the  baseball  is  the  some  as  its  positive  component  of 
velocity.  Then  the  resisting  force,  directed  agiinst  the  velocity,  is  upw  ard  and  hence  negative. 

Execute:  (u)  The  freobody  diagram  for  the  falling  bill  is  sketched  in  Figure  5.124. 

(b)  Newton’s  Second  Law  is  then  ma  - mg  - £h‘.  Initially,  when  v - 0.  the  acceleration  is  and  th:  sjvcd 
increases.  As  the  speed  increases,  the  resistive  force  increases  and  hence  the  acceleration  decreases.  This  continues 
as  the  speed  apprvuebes  the  terminal  speed. 

(c>  At  terminal  velocity,  a - 0.  so  v,  — in  agreement  with  Lq.  (5.13). 

(d)  The  equation  of  nxition  may  be  rewritten  as -»•*).  This  is  a separable  equation  and  miv  he 


. I 


EVALUATE:  tanh.t- 


■ 

e*  — c 
r*  -t  c 


— arctinh  — - — i - v tanfejg// 

v.  v.  vT 


At  / —> 0 . tanhiw/r.)  ->  0 and  v->0.  At  / tanhfgf/v.)  -*  w and  v 


1 


Figure  5.124 


Applying  Newtek's  Laws  5-55 


>-125. 


>126. 


>127. 


iDEvntY : Apply  V r - mo  to  each  of  the  three  masses  and  to  the  pulley  B. 

SET  UP:  Tate  all  accelerations  to  tv  positive  downw  ard.  The  equation*  of  motion  are  straightforward,  but  the 
kincmitic  relations  between  tlx  accelerations,  and  the  resultant  algebra,  are  ixit  immediately  obvious.  If  the 
acceleration  of  pulley  B is  urf.  then  ay  - -at.  and  aM  i*  tlx  average  of  the  acceleration*  of  trusses  1 and  2. 


EXECUTE:  (a>  There  can  be  no  net  force  on  the  massless  pulley  B.  so  Tt  - 2 TA.  The  five  cquitions  to  he  solved 
are  then  m g - TA  - m,o . m.g  -TA~  m ai , m g - Tt  - mxai . o,  -f  a1  -f  2o,  - 0 and  2Tt  — Tc  - 0 . These  are  five 
equations  in  five  unknown*,  and  may  be  solved  by  standard  nxans 

The  accelerations  a and  a3  may  be  eliminated  by  using  2m.  - -\a{  + a} ) - -<2g  - 7,((l/u  \ + (l/«s))). 

The  tension  Tt  may  be  eliminated  by  using  Tt  =(1/2)7;  = {Xjl^hig  -a>\ 

. -4in.w,  -t  nKitt-f  + ww. 

C ombimni!  and  solving  tor  a.  give*  tf*  - g 

(b)  The  acceleration  of  the  pulley  B has  the  same  magnitude  as  at  and  is  in  tlx  opposite  direction 

(c)  a - g - — - g g - — — (g  -o.).  Substituting  the  above  expression  for  a,  gives 

2m.  2m 


Am  jiIs  - ?m1mk  -t  m,m1 


4i".m.  - Jniiii,  » m,m. 


(d)  A similar  analysis  (or.  interchanging  the  labels  I and  2)  gives  - g 

4«un>  ♦ mjit,  + mtmh 

(eh  (0  Once  the  acccleratxms  are  known,  the  tensions  ray  h:  found  by  substitution  into  the  appropnate  equal  ion 

4"W".  Kuim.in, 


of  motion,  givine  / - g 


r,  - a 


AfMmi  ♦ mm i + m,m,  4m,w;  + mi/ni  -t  m,m1 

(g)  If  m,  - /fir  -«i  and  m.  - 2m.  all  of  the  acceleration*  are  zero.  Tt  - 2 mg  and  TA  - mg.  All  masses  and  pulkrys 
are  in  equilibrium,  and  the  tensions  are  equal  to  tlx  weights  they  support.  which  is  whit  r*  expected. 

Evaluate:  It  is  useful  to  consider  special  case*.  For  example,  when  -n:.  » m,  our  general  result  gives 

<*\  = +Z  and  o>  = -g  . 

IDEMIPY : Apply  V F - mu  to  each  block.  The  tension  in  th:  string  is  the  same  at  both  ends.  If  T < w for  a 
block,  that  block  rcmiins  at  resL 

SET  UP:  In  all  cases,  the  tension  in  the  string  will  be  half  o I F. 

EXECUTE:  (u)  F/2  - 62  N.  which  is  msuffiocnt  to  raise  cither  block:  a{  - as  - 0. 

(b)  F/2  = 62  N.  The  larger  block  (of  weight  196  N)  will  not  mov  e,  so  it,  - 0.  but  the  smaller  blcvk.  of  weight 

98  N.  has  a net  upward  fcecc  of  49  N applied  to  it.  and  so  will  accelerate  upwards  with  <i:  - = ^ mf* 

(c)  F/2  = 212  N,  so  the  nei  inward  force  an  block  A is  16  N and  that  on  block  /(is  1 14  N.  *o 

_ _)6N_  _ o g m/x*  and  a,  - - -**-*-  - 1 1 .4  m/s*. 

‘ 20.0  kg  J 10.0  kg 

EVALUATE:  The  two  blocks  need  not  have  accelerations  with  the  sanx  magnitudes. 

I DEN  I1PY : Apply  V /’*  - mu  to  the  ball  at  each  position. 

SET  UP:  When  the  ball  is  at  rest,  a - 0 . When  the  hall  is  swinging  in  an  arc  it  has  accclcratxin  component 

% 

a . . directed  inward. 


EXECUTE:  Before  the  horizontal  stnng  is  cut.  the  hull  is  in  ojuilibnum.  arxl  the  vertical  component  of  the  tension 
force  must  tulancc  the  weight,  so  7’<co*^  - w or  T,  = w/co s/7 . At  point  B.  the  hall  is  not  in  equilibrium:  its  speed 
is  instantaneously  0.  so  there  is  no  radul  acceleration,  and  the  tension  force  must  balarxc  the  radial  component  of 
the  weight,  so  Tk  - hx as/?  and  the  ratio  {TyjTt)  - cos*  p . 

Evaluate:  At  point  & the  net  force  on  tlx  hall  i*  not  zero:  tlx  hall  has  a tangential  acccleraticci. 


Work  and  Kinetic  Energy 
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6.1.  Identify:  Apply  Fq.(6.2>. 

SET  Up:  Tbc  burkct  rises  sJowly.  so  Ihc  tension  in  the  rope  nay  be  taken  to  be  th:  bixkel’s  weight. 

K Ml  I II:  u)  H'  -Fs-  Htfft  - (6.75  leg)  (9.K0  m/s’)(4.00  m)  = 265  I. 

<l»)  Gravity  is  directed  opposite  to  the  direction  of  the  bucket's  motion,  so  Kq  <6.2 ) gj\'»  the  negative  of  the  result  of 
pari  <ak  or  -265  J . 

(c>  Tlic  total  work  done  on  the  bucket  is  zero. 

EVALUATE:  When  the  force  is  in  the  direction  of  the  displacement,  the  force  does  positive  work.  When  the  force  is 
directed  opposite  to  the  displicemcnt.  the  force  dees  rcgativc  work. 

6.2.  IDENTITY:  In  each  case  the  forces  an:  cceistant  and  the  displacenxnt  is  along  a straight  line,  so  W - flvcos# . 

SET  Up:  In  part  <a»*  when  the  cable  pulls  horizontally  £ - 01  and  when  it  pulls  at  35.01  above  the  horizontal 
p - 35.0°.  In  port  (b),  if  the  cable  pulls  horizontally  ^ - 180°.  If  the  cable  pulls  on  the  car  at  35.0°  above  the 
horizontal  it  pulls  on  the  track  at  35.0°  below  the  horizontal  arxl  ^ - 145.0° . For  the  gravity  force  ^ - 90: . siixc  the 
force  is  vertical  and  th:  dtsplacenxnt  is  horizontal. 

Execute:  (n)  When  the  cable  is  horinmttl,  1»'«<850  NX5.00.10‘  m)co»0“  = 4.25x10*  I . When  ihc  cable  I* 
35.0“  above  the  horizontal.  ))'  - (850  54X5.00x10*  m)oo*35.0°=  3.4S.10’  I . 

(b)  cot  ISO"  = -ei»0l'aid  cos  145.0°  - -to*35.0“  . to  Ifc  answers  arc  -426-10''  J anil  -3.48. 10'  J . 

(e)  Since  cot^  = cos90°  - 0 . W - 0 in  Ixilh  cam. 

EVALUATE:  If  the  car  and  truck  arc  taken  together  as  th:  system*  the  tension  in  the  cable  docs  no  net  work. 

6.3.  Identity:  Each  force  can  he  used  in  tbc  relation  W - Ft  - (F cos^>v  for  ports  (b)  through  <dl.  For  port  |c).  apply 

the  net  work  relation  as  + IF,  ■*  Wf. 

SET  UP:  In  order  to  move  the  crate  at  constant  velocity*  tbc  worker  must  apply  a fcecc  that  equals  the  force  of 
friction.  F.^. 

Execute:  la)  The  magnitude  of  the  force  the  worker  must  apply  is: 

mfk  ^ pKn  = ^mg - (0.25 )( 30.0  kg)<9.80  »•**)-  74  N 

<1*1  Since  the  force  applied  by  the  worker  is  horizontal  and  in  the  direction  of  the  dasplaccnrcnt*  d - 0°  and  the 
work  is: 

11  wu.  afZ— cos^J*  = ((74  N)(cos0*)](4.5  m)  = *333  J 
<c)  Friction  acts  in  tbc  direction  opposite  of  morion,  thus  ^ - 180°  and  the  work  of  friction  is: 

ir,  = (/,co*tf)s=|<74  N>(casl80°)]<4.S  ml  = -333 1 

(d!  Both  gravity  and  the  normal  force  act  perpendicular  to  the  direction  of  displacement.  Thus,  neither  force  does  any 
work  on  the  crate  and  - 0.0  J. 

(e)  Substituting,  into  the  net  work  relation,  the  net  work  dccic  cci  the  crate  is: 

i r air  . +nr  +w{  ^*333  j + o.o  j*o.o  j-333  j^o.oj 

Evaluate:  The  rxl  work  done  cxi  the  crate  is  zero  because  the  two  contributing  forces.  and  ff,  are  equal  in 
magnitude  and  opposite  in  direction. 

6.4.  IDENTITY:  n>e  forces  arc  constant  so  FqX6.2>  can  be  used  to  calculate  tbc  week.  Constant  speed  irrplics  a - 0.  We 
must  use  ^F  - m a applied  to  the  crate  to  find  the  fceces  acting  on  it. 
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(a)  SET  Uf:  The  free- body  diacram  for  the  crate  is  given  in  Figure  6.4 


Si 


6.6. 


Execute:  £F-w<ir 
fl-mg-Fsin30°  = 0 

n -mg  + /*sin30: 

A - PJ*  - + rfK  «n  30 


ZF-  sma‘ 

Pcos3(T-/k  =0 

^*cos30:  - //tsin3tt,/r-  0 


/- 


:.25(->0.0  kgli9.SU  in  s'  I 


0*30"  - ^ **n 3CP  cos  30*  - { 0.25 |sin  30l 

(b)  H;  ■=  (Fcoi^)i  = (99.2  NT>cos30lK4.S  m>  - 387  J 

(/‘cos 30°  is  the  hori/caital  component  of  the  work  done  by  /'  is  the  displacement  times  the  corrponent  of  /* 
in  the  direct  icai  of  the  displaccnxnt. ) 

(c)  We  hive  an  expression  for  fk  from  part  {a): 

A - ♦ /’sin 30°) -(0.250)1(30.0  kgM9.S0  m,si)-t(99.2  NHsin30,)|- 85.9  N 

$ - ISO*  since  f\  is  opposite  to  the  dispkeement.  Thus  Wf  - (/k  cos^v  - (85.9  NKcaslSO°X4.5  ml  - -387  J 

(d)  The  normal  force  is  perpendicular  to  the  displacement  so  d - 9CC  and  IF.  - 0.  The  gravity  fcece  (the  weight)  is 
perpendicular  to  the  displacement  so  ^ - 90:  and  - 0 

(e)  Wm  ^ Wf  t If,  -f  * Wm  =.  f 3S7  J * (-387  J)  = 0 

EV  ALUATE:  Forces  with  a component  in  the  direction  of  the  displacement  do  positive  work,  forces  opposite  to  the 
displacement  do  negative  work  and  forces  perpendicular  to  the  dispkeement  do  zero  work.  The  total  work,  obtained 
as  the  sum  of  the  work  done  by  eaeh  force,  equals  the  work  dixie  by  the  net  force.  In  thus  problem.  Fm  -0  since 
a - 0 and  lfM  - 0.  which  agrees  with  the  sum  calculated  in  part  (c). 

iDf.MItY  : The  gravity  force  is  constant  and  the  displacement  is  along  a straight  line,  so  If  - Fsc&sf . 

SKI  L*P:  The  displacenxnt  is  upward  along  the  ladder  and  the  gravity  force  is  downward,  so 
4$  = I SO.O1  - 30.0°  = 1 50.0°  . w - m#  - 735  N . 

Execute:  <u>  W = (735  NK2.75  m)cosl50.0°  - -1750  J . 

|h)  No.  the  gravity  force  is  independent  of  thr  motion  of  the  painter. 

EVALUATE:  Gravity  is  downward  and  the  vertical  component  of  the  displacement  is  upward,  so  the  gravity  force 
does  negative  work. 

iDf.MItY  and  SET  UP:  Jf  j - (/‘cos^U.  since  the  forces  arc  constant.  Wc  can  calculate  the  total  work  by  summing 

the  work  done  bv  each  force.  The  forces  are  sketched  in  Figure  6.6. 


Exixn E:  W\  - Fs cos 

Il.no- 10‘  NM0.7S*I0‘  m)cosl4 
If.  -1.31-10'  J 


If  - / .vcoiO.  - If 


Figure  6.6 

H"m  - H"  » W,  = 2<I.JI»  !0V  J)  - 2.62*  10*  I 

EVALUATE:  Only  the  component  /*cos$$  of  force  in  the  direction  of  the  displacenxnt  does  work.  These 
components  are  in  the  direction  of  % so  the  forces  do  positive  work. 
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6.7. 


6.9. 


6.10. 


6.11. 


6.12. 


IDENTITY1 : All  forces  an:  constant  and  each  block  mines  in  a straight  line,  so  W*  - Avcos$$ . The  only  dircchon  the 
system  can  move  at  constant  speed  is  for  the  12.0  N block  to  descend  and  the  20.0  N block  to  move  to  the  right. 

SET  UP:  Sinec  the  12.0  N Mock  moves  at  constant  speed,  a - 0 for  it  and  the  tension  T in  the  string  is  T - 12.0  N . 
Since  the  20.0  N block  moves  to  the  right  at  constant  speed  the  fraction  force  on  it  k to  the  left  and 

4 = r = 12.0N. 

Execute:  (a)<i)  1 = 0' and  W = <12.0  NM0.75O  m)cas0°  = 9.00  J .(ii)  <*-lS0°and 
W ^ (12.0  NK0.750  micoslKO*  ^ -9.00  J . 

(b) (i)  *>-<Xl0and  It'-O.(ii)  ^0°and  W = (12.0  N)(0.750  m)co*0°  = 9.0H)  J . (iii)  ^-IS0‘  and 
W ^ (12.0  NK0.750  mlcoslKO1  - -9.00  J . (iv)  * - 9CT  and  H'  =0. 

(c)  Wm  - 0 for  each  blcck. 

EVALUATE:  For  each  block  there  are  two  forces  that  do  work,  and  for  each  block  the  two  forces  do  work  of  equal 
magnitude  and  opposite  sign.  When  the  force  and  displacement  arc  in  opposite  directions,  the  work  done  is 
negative. 

IDKMIFY:  Apply  Lq.<6.5). 

SET  UP:  i i - / • / - 1 and  i j-ji  - 0 

EXECUTE:  The  work  you  do  is  F s = ((30  N>f  -(40  N)/l  «-9.0  m)f  -(3.0  n)j) 

F i ^ (30  NK-9.0  m> * (—40  NX-3.0  ml  = -270  N m+  120  N m - -150  J . 

Evaluate:  The  x-component  of  F docs  negative  woik  and  the  v component  of  /•*  docs  positive  work.  The  total 
work  done  by  F is  the  sum  of  the  work  done  by  each  of  its  components. 

Identify:  Apply  Eq.<6.2)or  (6.3k 

SET  UP:  The  gravity  force  is  in  th:  -v  direction  . so  F % - -w#l>\  -y,) 

EXECUTE:  (a)  |i I Tension  force  is  always  perpendicular  to  the  displacement  and  does  no  work. 

(ii)  Work  done  by  gravity  is  -«*(y2  - y,).  When  y,  -v2 , - 0 . 


<b)<n  Tension  docs  no  work,  (ii)  Let  / be  the  length  of  the  string.  - -mgO'j  — y.)  - -ffrg<2/|  - -25.1  J 
EVALUATE:  In  part  (bl  the  displacement  is  upward  and  the  gravity  focec  is  downward,  so  the  gravity  force  docs 
negative  work. 

Identify:  a-^uivj 

SETUP:  65nuh^29.l  mf% 

Execute:  (u)  A'  -^(750  kgH29.I  m»s)J  =3.18x10'  J 

<l>)  A - - Aj  - 7mvl . with  v\  = v-,/2,  %o  A;  -4m<»',/2)i  a^«i\J)=  A, 74  . The  change  in  kinetic  energy  is  a 


decrease  of  |A, . 


(c)  A\  - IK  . — - constant . so  — 

v*  2 »: 


Ks 

Tr- 


. si' AT  . K - (65  mi  h )^K,/K,  - 46  mi  h . 


Evaluate:  Since  A - r* . to  have  half  the  kinetic  energy  the  speed  must  be  less  thin  hilf  of  the  original  speed 
IDENTIFY : A - -W  . Since  the  meteor  comes  to  rest  the  energy  it  delivers  to  tlie  ground  equals  its  original  kinetic 


energy. 

SET  Up:  v - 12  kms  - 1.2*  10*  ins  . A 1.0  megaton  bomb  releases  4.184x  itf  * J of  energy. 

Execute:  m A*i(l.4xitf  kgXi.2xio*  m%y  *i.oxitf*  J . 


(h)  — i—  - 2.4  . The  energy  is  equivalent  to  2.4  one -megaton  bombs. 

EVALUATE:  Part  of  the  energy  transferred  to  the  ground  lifts  soil  and  rocks  into  the  air  aixl  creates  a large 

crater. 


IDENTITY:  A - ±mv  . Use  the  equations  for  free-fall  to  find  the  speed  of  the  weight  when  it  reaches  the  ground. 

SET  Up:  Estimate  that  a person  his  speed  2 in  s w hen  walking  and  6 m's  when  running.  The  mass  of  an  clcclnxi  is 
9.11x10  " kg  . In  part  <c)  lake  -»v  dcnvmvard.  *i>  a,  - -*9.8I>  m . Eoimatc  a ihauldor  height  of!  .6  m. 


EXECUTE:  (a)  Walking:  K - 4(75  kgX2  nil)1  - 1 50  J Running:  K - 4(75  kgK6  ml);  - 1400  I . 
(Ill  K - 4(9.1  lx  10  11  kgH 2.l9x  10’  mft)1  = 2.2x10  ' J . 

(f>  i'  + 2ii|v-v, ) givei  v,  - ^2(9. SO  mV  )(1.6  m|  - 5.6  mi . K -4(10  kgK5.6  m»r'-l6J. 


6-4  Chapter  6 


6.13. 


6.14. 


6.15. 


6.16. 


- 2.6  mfe  . Yes,  this  is  reasonable. 


Evaluate:  A walking  .speed  of  2 ins  corresponds  to  walking  a mile  in  about  13  mm.  A running  speed  of  6 m/s 
corresponds  to  running  a 100  m dash  in  about  17  s. 

IDENTIFY:  A - . Set  UP  a ratio  that  relates  A'.  m and  r. 

SETUP:  mt,  - 1 836m, 

EXECUTE:  (u)  A,  - At  gives  myt  - m,vj . v,  - V9y]mp/mt  - FjlK36  - 42.85A  . 

«*>  v - v gives  *.<«»,  .'«)=!  836A' 

EVALUATE:  The  electron  has  less  mass  so  must  travel  fin  ter  to  have  the  saitx  kinetic  energy.  And  with  equal  speeds 
the  proton  has  more  kinetic  energy. 

Identify:  Only  gravity  does  work  on  the  watermelon,  so  lf’k4  - Wtut . H'lA  - AA'  and  A - i«r' . 

SET  Up:  Since  tlx  watermelon  is  dropped  from  rest.  A',  - 0 . 

Execute:  (u)  «;m.  - mgr  ^ (4.S0  kg*9.80  m/s*  M25.0  m)  - 1 180  i 

lb)  H'  - A,  - A',  so  A',  - 1 


1 . v ' = 


:a 


l - 


2|1  IS<1  J» 


22.2  ms 


(c)  The  week  done  by  gravity  would  he  the  same.  Air  resistance  would  do  negative  work  and  H‘g  would  he  less  than 
W . The  answer  in  (a)  would  be  uixhangcd  arxl  both  answer*  in  (b)  would  decrease. 

EVALUATE:  The  gravity  force  is  downward  and  the  displacement  is  downward,  so  gravity  docs  positive  work. 
Identify  : - A\  - A'( . In  each  cose  calculate  HrtA  fnwn  what  we  know  about  the  f«ee  and  the  displacement. 

SET  UP:  The  gravity  force  is  mgs  downward.  Tlx  friction  force  rs  fk  - nkn  - jikmg  and  is  directed  opposite  to  the 
displxcmcnt.  The  mass  of  tlx  object  isn't  given,  so  wc  cxjxct  that  it  will  divide  out  in  the  calculation. 

Execute:  (u)  A,  - 0 . »fk4  - 1^  ^ mgi  . mgs  - 4mv;  and  Vs  ^ yjigi  - ^21980  m x*W95.0  m)  ^ 43.2  ms  . 

(b)  As  - 0(at  the  maximum  height).  \\\4  - - -mgs  . -mgs  - -^wr'and 

v,  =•  Jigs  - J2(9.K0  ms*' *525  m)  - 101  m/s  - 


(c)  A - irnif  . A2  - 0 . 


umg\.  -umgx 


“fun’f  • -v  “ 


15.00  m s) 


2t\g  2(0.220X9.80  m s*> 


- 5.80  tn . 


(d)  A,  - Imv;  . A,  - >«£  . \Vm  = W,  = -f^ngs . A\  - t A,  . 4«t£  - -}ttmgs  + 

>\  - yjv1  - 2 = Jf5.00  m %>:  -2(0.220X9.80  m/s*  *2.90  m)  ^ 3.53  m s . 

(e)  K - r/wvf  . Aj  -0  . lfr(Wt  - -mgft . where  Vj  is  the  vertical  height.  -mgy\  - and 

v£  (12.0  msT  -,c 

v\  - - > .35  in 

2 2g  2(9.80  mV) 

EVALUATE:  In  parts  (cl  anefl  (d).  friction  docs  negative  work  and  the  kinetic  energy  is  reduced.  In  part  fa).  gravity 
does  positive  work  and  the  speed  increases.  In  puts  (b)  and  |c).  gravity  skies  negative  work  and  the  speed  decreases 
The  vertical  height  in  part  (c)  is  independent  of  tlx  slope  angle  of  the  hill. 

Identify:  from  the  work-energy  relation.  W - JF^  ^ AA^  . 

SET  Up:  As  the  rock  rises,  the  gravxtatiixval  force.  F - m g.  does  work  on  the  rock.  Since  this  force  acts  in  the 
direction  opposite  to  the  motion  and  displxcmcnt.  s,  the  work  is  negative.  Let  h be  the  vertical  distance  the  rock 
travels. 

EXECUTE:  (u)  Applying  ( V94t  - Kl  - A,  w*e  obtain  -mg/ i - i/wrC  -Lmv ’ . Dividing  by  m arxl  solving  for  v, . 
v,  - yj\i  -t  2gh  . Substituting  h - 15.0  m and  v}  - 25.0  ms. 

v,  ^ ^ 25  0 ms)'  * 2(9.80  m s* )( 1 5.0  m ) - 30.3  mb 

(b)  Solve  the  some  work-energy  relation  for  A.  At  the  maximum  height  i\  - 0 . 

. , 'Wl  ! ini)'  -<0.0 

-mgh  - iw >:  - i«m  and  /)  - — 46.S  m . 

* 1 219. SO  in  s'  I 
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6.17. 


6.18. 


6.19. 


6.20. 


EVALUATE:  Note  that  the  weight  ot*20  N was  never  used  in  th:  calculation*  became  both  gravitational  potential 
and  kinctK  energy  are  proportional  to  mass.  m.  Thus  any  object,  that  attain*  25.0  nvs  at  a height  ot'  15.0  m.  nwtf  have 
an  initial  velocity  of  50.3  ms.  As  the  rock  move*  upward  gravity  doc*  negative  week  and  this  rcdixcs  the  kinetic 
energy  of  the  rock. 

IDENTIFY  and  SET  UP:  Apply  Iiq.(6.6)  to  the  box.  Lei  pnint  1 be  at  the  bottom  of  the  incline  and  let  point  2 be  at 
the  skier.  Work  i*  done  by  gravity  and  by  friction.  Solve  for  A,  aixl  from  that  obtain  the  required  initial  speed. 
Execute:  Wm  ^ A\  - AT, 

K . - 0 

Work  is  done  by  gravity  and  friction,  so  lfM  - ♦ Wf . 

,r.«  - -"W(Vj  - 'll  - 

W(  - -/y.  The  noriml  ft>rce  i*  n - ntgco%a  aixl  .v  - h /sin  f/,  where  v i*  the  distance  the  box  trav  els  along  the 
incline. 

Wf  - <x\*a\(h  isina)  - -j^rngk/lnna 

Substituting  these  expressions  into  the  work*cacvgy  theorem  give* 

-mgk  - j\mgh /tana  - - rmvi • 

Solving  for  v#  then  gives  v;.  - yjlgM  + tanr/  f 

EVALUATE:  The  result  is  independent  of  the  mass  of  the  box.  As  a — ♦ 90:.  k - .v  and  - J2gh*  the  sam:  as 
throwing  the  box  straight  up  into  the  air.  For  a -90°  the  normal  fcccc  is  zero  so  there  r*  no  friction. 

Identify:  Apply  W - ttcos^and  Wm  - AA . 

SET  Up:  Parallel  to  meline:  force  componmt  H*  - m?  sm  <i  . <kiwn  incline:  dxsplacenxnt  s - . down  incline. 

Perpendicular  to  the  incline:  s - 0. 

EXECUTE:  la)  W - 1 mgsina  y/j /xina)  - nigh  . Wi  - 0 . since  then:  is  no  displaremcnt  m the*  direction. 


WmK  - W t W - mi?/i . xime  as  falling  height  h. 

<b)  - A',  - A,  gives  mgh  - and  v - yflgh  . same  as  if  had  been  dropped  from  height  h.  The  work  done  by 

gravity  deprnds  only  on  the  vertical  dtsplacerrcnt  of  the  object.  When  the  slope  angle  is  small,  there  is  a small  force 
component  in  the  direction  of  the  displacement  but  a large  displacement  in  this  direction.  When  the  slope  angle  is 
large,  the  force  component  in  the  direction  of  the  dwplacenxnt  along  the  incline  is  larger  but  the  dasplacen^nt  in  this 
direction  r*  smaller. 

<c)  h - 15.0  m , so  i - ^'2gh  -17.1  s. 

EVALUATE:  The  accclcratiixi  and  time  of  travel  arc  ditTcient  for  an  object  sliding  down  an  incline  and  an  object  in 
free-fall,  but  the  final  velocity  is  the  same  in  these  two  cases. 

IDENTIFY:  - A\  - A,  with  Wk4  - W.  . The  ear  stop*,  so  Aj  - 0 . In  each  ease  identify  what  is  constant  and  set 

up  a ratio. 

Sir  Ip:  W.  - -ft . to  ~fs  - -4m»i . 

Execute:  (■>  j. -D./iicomura.  . iL - comumi . b>  ,,=«  (lii.1  = /X3): -90. 

' "•  l ‘v- ! 


00  fs-^L-  >1  coniUml.  Is  - i«w;  - ixmitanl  . so  J_s.  - Is,. . s 


L.\=dh. 

sJ 

EVALUATE:  The  Stopping  distance  is  proportional  to  the  square  of  the  initial  speed.  W hen  th:  friction  force 
increases,  the  stopping  distance  decreases. 

IDENTIFY  and  s*:r  UP:  Apply  Lq.(6.6).  The  relation  between  the  speeds  i,  and  v%  tells  us  the  relation  between  A, 
and  A\. 


Execute:  (u>  w-  a.  -a 
A - i/trr.*.  A%  - l/m\ 


^ SIVCS 


r-K.-K-M-K,—  4i* 


(b)  EVALUATE:  A'  depends  only  on  the  magnitude  of  r not  on  its  direction,  so  the  answer  for  W in  pari  (a>  docs  noi 
dcpcrxl  on  the  final  direction  of  the  electron’s  motion.  The  electron  slows  down,  so  its  kinetic  eorxgy  decreases  and 
the  total  work  done  on  it  is  negative. 


6-6  C hapter  6 


6.21. 


6.22. 


6.23. 


6.24. 


6.25. 


I DEN  TOY:  Apply  W - Ftm$  and  - AA  . 

Set  Up:  ^ = 0° 

EXECUTE:  From  Equations  (6.1).  (6.5 ) and  (6.6>.  and  wiving  for  F. 

F & W^-if)  .?<8.00kgKr6.00m/»)J -14.00  m.'tf)  „ ^ N 
s x (2.50  m) 

EVALUATE:  The  force  is  in  tlx  direction  of  the  displacement,  so  the  force  doc*  positive  work  and  the  kinetic  energy 
of  the  object  increases 

iDEYnFY  and  SET  UP:  Use  l:q.(6.6)  to  calculate  the  work  done  by  the  foot  on  the  ball.  Thro  use  Eq.(6.2»  to  find  the 
distarxc  over  which  this  force  acts. 

Execute:  ^ AT,  - A, 

X - Tim]'  - 4(0420  IgKIOO  mil)1  - O.SI  J 
X , - f ml' ; - 440.420  k i'll 6.010  ml)1  - 7.56  J 


The  40.0  N force  ts  the  only  force  doing  w ork  on  the  ball,  so  it  must  do  6.72  J of  work.  Wf  - (Ac os^Ks  gives  that 

W 6.72  J 


Acosf)  (40.0  NKcosO) 

Evaluate:  The  force  is  in  tlx  direction  of  the  motion  so  positive  work  is  done  and  this  is  conustcnt  with  an 
increase  in  kinetic  energy. 

Identity:  Apply  WrM  = AA  . 

SET  UP:  v(  - 0 . \\  - v . fk  - and  does  negative  work.  The  force  F - 36.0  N is  in  the  direction  of  the 

motion  and  dees  positive  work. 

Execute:  (u)  If  there  is  no  work  done  by  friction,  the  final  kmct»c  energy  is  the  work  dome  by  the  applied  force, 
and  solving  tor  the  speed* 

2»F 


Fx  1 2(36.0  N 1(1.20  m> 


- 4.4S  m s. 


(b)  The  net  work  is  Ft  - fx  -(F  - fJ  mg) t , so 


j1 2(36.0  V 


- (030X4.30  kgX9.H0  m / s* )M1  20  m » 


3.61  ms 


(4.30  kg) 

Evaluate:  The  total  w ork  duoe  is  larger  in  the  absence  of  friction  and  the  final  speed  is  larger  in  that  ea 
IDENTITY:  Apply  W - Ft  cos  and  Wm  =-  UK 

SET  UP:  The  gravity  force  has  magnitude  mg  and  is  directed  downward. 

Execute:  (u)  On  tlx  way  up.  gravity  is  opposed  to  the  direction  of  motion,  and  so 
II-  - -mg’  - -(0.145  kuXO.SO  m.'i'kMO  m)  - -2S.4  J . 


3 m/s . 


(c)  No;  in  the  absence  of  air  resistance,  tlx  hall  will  hive  the  sunx  speed  on  tlx  way  down  as  on  the  way  up.  On  tlx 
way  down,  gravity  will  have  dene  hath  negative  and  positive  work  on  the  ball,  but  the  ixt  work  at  this  height  will  be 
tlx  same. 

Evaluate:  As  the  baseball  moves  upward,  gravity  does  negative  work  and  the  speed  of  the  basetuli  decreases. 

(a)  IDENTIFY  and  SET  Up:  Use  Eq.(6.2)  to  find  the  work  dooc  hv  the  positive  force.  Then  use  Eq.(6.6)  to  find  the 
final  kinetic  eixrgy.  and  thro  Aa  - gives  the  final  speed. 

Execute:  wm  - A\  - A„  so  a\  = W4  + A, 

K - imi,*  - 4(7.00  kg«4.00  ra  t)’  - 56.0 1 

The  only  force  that  docs  work  »>n  the  wagon  is  the  10.0  N force.  This  force  rs  in  the  direction  of  the  displacement  so 
6 - 0°  and  the  force  docs  positive  week: 

Wf  ( Feasts  ^ (10.0  N Xcqs0K3.0  m)  ^ 30.0  J 


Then  Kx  = W * A.  - 30.0  J -t  56.0  J ^ 860  J. 


2(86.0  J> 
• IXI  kg 


- 4.96  nVs 
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6.26. 


6.27. 


6.28. 


(b)  IDENTIFY:  Apply  V F - md  t»>  tlv  wagon  to  calculate  a.  Then  use  a constant  acceleration  equation  to  calculate 


tlic  final  speed.  Tlu:  free* body  diagram  is  given  m figure  6.25. 
SET  UP: 


Execute:  ^Ft  ^aat 
F - mu, 

F 10.0  N 


1.43  mi 


n 7.00ku 


Figure  6.25 


*j.  m*u  +2a,(x-x,> 

v,.  - ft,  * 2a  !*-«,>  ^ ^'(4.00  m*)‘  * 211  4J  mV  K3.0  ml  ^ 4.96  la't 

EVALUATE:  This  agrees  with  the  result  calculated  in  pari  (a).  The  force  in  the  direction  of  the  motion  docs  positive 
work  and  the  kinetic  energy  and  speed  increase.  In  part  lb).  the  equivalent  statement  is  that  the  force  produces  an 
acceleration  in  the  direction  of  the  velocity  and  this  causes  the  magnitude  of  the  velocity  to  increase. 

Identify:  Apply  lk4  = Ks  - A, . 

SET  UP:  AT,  - 0 . The  normal  force  does  no  work.  The  work  IF done  by  gravity  is  \Y  - mg/ i . where  h - LiinO  is 
the  vertical  distance  the  bkvk  his  dropped  when  it  has  traveled  a distanre  L down  the  incline  and  0 is  the  angle  the 
plane  makes  with  the  hon/xmtal. 

Execute:  The  work-energy  theorem  gives  v - t—  - |- .i'2gA  - JlgL sin//  . Using  the  given  numbers. 

y n?  y m 

v = ^2(9.80  m,'s:)(0.75  m)sin36.9°  = 2 .97  m / s. 

Evaluate:  The  final  speed  of  the  block  is  the  same  as  if  it  had  been  dropped  from  a height  /i. 

Identify:  - A\  - AT, . Only  friction  dees  work. 

SET  Up:  Wy0  - \\\  - -/itm£v . A\  - 1)  (car  stops).  AT,  - 4"IV«!  • 

Execute:  (u>  H*  - AT.  - A',  gives  - -imif . s — — 

vi  (u 

(b) (it  - 2j /.  . six  — 1 — constant  so  s u - SM* . .v.  - 1 — — t - x f2  . The  minimum  stopping  distance 

*8  l ft* 


wixild  he  halved.  <ii)  v - 2v».  • — constant 

>.  2li» 


50  7~~7~ 


H lance 


wixild  become  4 times  as  great,  Hit}  v.  - 2v.  . i/ki  - 2 i/.  — - constant . so  — — — — . 


The  stopping  distance  would  double 


EVALUATE:  The  Stopping  distance  is  directly  proportion^  to  the  squire  of  the  initial  speed  and  indirectly 
proportional  to  the  coefficient  of  kinetic  friction. 

I DEN  IUY:  The  work  that  must  be  dcoic  to  move  the  end  of  a spring  from  x,  to  .v:  is  H'  - ^Ar!  “ fAt*  • Tlx:  fonre 
required  to  hold  the  cod  of  the  spring  at  dispbccnxnt  x is  f - foe  . 

SET  UP:  When  the  spring  is  at  its  unstrcichcd  length,  x - 0 When  the  spring  is  stretched,  x > 0 , and  when  the 
spring  is  compressed,  x < 0 . 

Execute:  (u)  x,  - 0 and  W*  - Ikxi . A - 1 1 — - 2.67 X 10*  N.’rn  . 

‘ * * t;  (0.0300  m) 

(b>  F\  - Ax  - (2.67  x!04  N/m}(0.0300  m)  - SO  I N* . 

(c)  *,  =0 . xi  = -0.0100  in  . \V  = 4(2.67  x |04  N'mX-O.OMO  m):  =21.4  J . 

F\  = Ax  = (2.67x10*  N.’m)f 0.0400  m)  - 1070  N . 

EVALUATE:  When  a spuing,  initially  unstrcichcd.  is  citlxr  compressed  or  stretched.  positive  work  is  done  by  the 
force  that  moves  the  end  of  the  sprint;. 


6-8  C hapter  6 


6.29.  I DEN  nfY  anil  SET  Up:  Use  Eq.(6.S)  to  calculate  A for  the  spnng.  Then  Eq.(6.IO).  with  x,  = 0.  can  h:  used  to 
calculate  the  work  done  to  stretch  or  compress  the  spring  an  amount  x%. 

Execute:  Use  the  information  given  to  calculate  the  force  constant  of  the  spring. 

F - kx  gives  k - — - J -1-  - 3200  N.'m 

x 0.050  m 

(a)  F«fas  (3200  N.mKO.015  m)  = 48  N 
F = Ax  * (3200  N.'mX  -0.020  m)  - -64  N (magnitude  64  N) 

<b>  H'=±kx*  - 4(3200  N.mHO.OlS  m>:  - 0.56  J 
W - ±kx3  = 4(3200  NVmM  - 0.020  in)*  - 0.64  J 
Note  that  in  each  case  the  work  done  rs  positive. 

EVALUATE:  The  force  is  not  constant  during  the  displacement  so  Eq.|6.2l  cannot  be  used.  A force  in  the  -t.r 
direction  rs  required  to  stretch  th:  spring  and  a face  in  the  opposite  direction  to  compress  it.  The  force  F is  in  the 
sanx  direction  as  the  displacement.  so  positive  work  is  done  in  both  cases. 

6J0.  iDt.Mlh:  The  magnitude  of  the  work  can  he  found  by  rinding  the  area  under  the  graph. 

SET  UP:  The  area  urxler  each  triangle  is  I .‘2  base  x height  . F(  >0.sothc  work  done  is  positive  when  r increases 
during  the  displaccnxnt. 

Execute:  (u>  !/2(8mXl0N)  = 40J . 

<b)  1/2  (4  mKIO  N)=  20  J . 

(c>  1/2  (12  mXlO  N>-  60  J . 

EVALUATE:  The  sum  of  the  answers  to  parts  ta)  and  (b  l equals  the  answer  to  part  <c). 

6JI.  iDEVnFV:  Use  the  work-energy  theorem  and  the  results  of  Problem  6.30. 

Setup:  For  v = 0to  Y = 8.0m.  W%A  =40  J. For  x = 0to  r = 12.0  m.  \\\4  =60J. 

Execute:  (j>  v-  l!2^40  J> 

V l0kS 

^>v.  fi2K60l)=346m.s 

V 10  kg 

Ev ALU ATE:  F is  alwaxs  in  the  r.v -direction.  For  this  motion  F docs  positive  work  and  the 
increases  during  the  motion. 

6.32.  IDEYIUY:  The  force  has  only  an  .y -component  and  the  motion  is  along  the  x-dircction.  so  If 
SET  UP:  x,  = 0 and  x}  = 6.9  m . 

EXECUTE:  The  work  you  do  w ith  your  changing  force  is 

W - J " /*(.Y)rf.v  - J'  (-20.0  N Mr  - J (3.0  N:mMr  - (-20.0  N».r  -(3.0  N/mK-rJ/2)[; 

H * = - 1 38  N • m - 7 1 .4  N * m - -209  J . 

Evaluate:  The  wxuk  is  negative  because  the  cow  continues  to  more  forward  tin  the  -fx -direction  I as  you  vainly 
attempt  to  push  brr  backward. 

6J3.  IDENTIFY:  Apply  Kq.<6.6)  to  th:  box. 

SET  Up:  Let  point  1 be  Just  before  the  box  reaches  the  end  of  the  spring  are!  let  point  2 be  where  th:  spiring  lias 
maximum  compression  and  the  box  has  momentarily  come  to  rest. 

Execute:  Wm  = K,  - A, 

A\  = 0 

Work  is  done  by  the  spring  force.  = -ykvl%  where  r;.  is  the  amount  the  spring  is  eoirprcsscd. 

-4AyJ  = -r^r,*  and  v>  - viVi’»i  'k  = (3.0  m s lj|  6.0  kgV(75X  N/m)  = 8.5  cm 

EVALUATE:  The  compvessaon  of  the  spnng  inrreases  when  cither  v,  or  m increases  and  decreases  w hen  A increases 
(stitTer  spring). 

6-34.  iDEVim : The  force  applied  to  the  springs  is  Ft  - kx . Th:  week  «kmc  on  a spring  to  mine  its  end  from  v,  to  x*  is 
IF  - 4 Ayv  -rkxi  . Use  the  information  that  is  given  to  calculate  k. 

SET  Up:  When  the  spring*  arc  compressed  0.200  m from  their  uncompressed  length,  .y,  = 0 and  x2  = -4)200  m . 
When  the  platform  is  moved  0.200  m fartlvr.  x:  becomes  -0.400  m 


speed  continually 

- f “Fdx. 
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6J5. 


6-36- 


EvaLU  ATE:  (a)  A - 


- 4000  S/m . F=kx  = (4000  Nln){-<>200  m)  = -800  N . The 


2W  2(80.0  J) 

..i-x*  " (0.200  mr-0 
magnitude  of  force  that  it  required  tt  800  N. 

(b)  To  compress  the  springs  from  xt  - 0 to  x3  a -0.400  m , the  work  required  is 

-$kxf  =>  i(40X  NmH -0.400  m>*  - 320  J . Ttx-  additional  work  required  it  320  J - 80  J - 240  J . For 
x - -0.400  m . Ft  = kx  - -1600  N . The  magnitude  of  force  required  is  16(H)  N. 

Evaluate:  More  week  is  required  to  move  the  end  of  the  spring  from  x - -0.200  m to  x - -0.400  m than  to  move 
it  from  x - 0 to  x - -0.200  m . even  though  the  displacement  of  the  platform  is  the  tame  in  each  ease.  The  magnitude 
of  the  force  increases  as  the  compression  of  the  spring  increases. 

IDI-N I1FY:  Apply  V F - ma  to  calculate  the  required  for  the  static  friction  Amvc  to  equal  the  spring  force. 

Set  L’P:  (a)  The  free* body  diaunun  for  the  ulidcr  is  given  in  Figure  6.35. 


1.76 


Execute:  ]Ta;  - hut. 

n - mg  - 0 

n-mg 


2>'.  =«*». 

id  |20.0N'm>Q.0S6ni 

U'  mg  (0. 1 00  kg|<9.80  id's1) 

( b>  iDCNtlH  and  SET  L’P:  Apply  V F - ma  to  tind  the  maximum  amount  the  spring  can  he  compressed  arxl  still 
have  the  spring  force  balanced  by  friction.  Then  use  H'u  - Kl  - AT,  to  find  the  initial  speed  that  results  in  this 
con^uesxicei  of  the  spring  when  the  glklcr  stops. 

Execute:  p%mg  - kd 

f pmg  (0.60)0 10)0  kgM9.K0msj  I ftnyM  m 
A ” 20.0  N m 

Now  apply  the  work-energy  theorem  to  the  motion  of  the  glider: 

A'  - inrif,  A'%  - 0 { instantarcouxly  stops  I 

- -7AJ*  - mgd  (as  in  Example  6.8) 

W'M  -■  -?<20.0  WmKO.0294  mV  -0.47(0.100  kgX9.S0  m s*  X0.0294  ml  - -0.022 IS  J 
Then  M*  ^ A\  - A'  gives  -0.02218  J ^ -imr*. 


Ji  01.0221 8 Jl 


!).67  tn  s 


0.100  kg 

EVALUATE:  In  Example  6.8  an  initial  speed  of  1 .50  m's  compresses  the  spring  0.086  m and  in  part  (a)  of  this 

problem  we  found  that  the  glider  doesn’t  stay  at  rest.  In  port  lb)  we  found  that  a smaller  displacement  of  0.0294  m 
when  the  glider  stops  rs  required  if  it  is  to  stay  at  rest.  And  we  calculate  a smaller  initial  speed  10.67  m i)  to  produce 
this  smaller  displacement. 

IDENTIFY:  For  the  spring,  W ^ Ikx;  - *Ar!  . Apply  »rM  - AT,  - Kx . 

SET  Up:  xt  - -0.025  m and  x2  - 0 . 

Execute:  (u>  W - Ut?  ^ 1(200  N7mX -0-025  m)3  ^ 0.060  J . 


2H’ 

(b)  Tlie  work -energy  theorem  gives  v3  - J 


210.06(1  J l 


-0.18  m s. 


<4.0  kg  I 

EVALUATE:  The  block  moves  in  the  direction  of  the  spring  force,  the  spring  does  positive  work  and  the  kincta: 
energy  of  the  block  increases. 
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6.37. 


6.38. 


6J9. 


6.40. 


IDI-N  U¥\  and  SET  Up:  Th:  imgniiixle  of  the  work  done  by  Ft  equals  th:  area  under  the  Ft  versus  x curve.  The 
work  is  positive  when  Ft  and  the  ditplaecincnt  arc  in  the  same  direction,  it  is  negative  when  th^’  arc  in  opposite 
directions. 

EXECUTE:  la)  f is  positive  and  the  di^ilaeement  At  rs  positive,  so  W > 0. 

W - 4(20  NM2.0  m>  -t  (2.0  NK I 0 m)  - *4.0  J 
<10  Dunng  this  displaccnx-nl  FK  - 0.  so  W - 0. 

(c>  Ft  is  negative.  Av  is  positive.  so  W < 0.  W - -£(1.0  XX2.0  m>=  -1 .0  J 

(d)  The  week  Ls  the  sum  of  the  answers  to  parts  (a),  (b(,  and  (c>.  so  W -4.0  J + 0-1.0  Js  +3.0  J 

(el  The  week  done  for  x - 7.0  m to  r - 3.0  m is  4-1.0  J.  This  work  is  positive  since  the  displacement  and  the  force 

arc  both  in  the  -x -directum.  Hie  magnitude  of  the  w ork  dooe  for  v - 3.0  m to  x - 2.0  m is  2.0  J.  th:  area  under  F 

versus  x.  This  work  is  negative  since  tlie  displarcxncnt  is  in  the  -x-dircction  and  the  force  is  in  the  +x -direction. 

Thus  r*+J.0J-2AJ— I.0J 

Evaluate:  The  work  dooe  when  the  car  moves  from  x - 2.0  m to  x - 0 is  -4(2.0  XK2.0  ml  - -2.0  ).  Adding 
this  to  the  work  for  x - 7.0  m to  x - 2.0  m gives  a total  of  W - -3.0  J for  x = 7.0  m to  x - 0.  Th:  work  for 
x - 7.0  m to  x - 0 is  the  negative  of  the  work  for  x - 0 to  x - 7.0  m 
IDENTIFY:  Apply  Uk4  - Ks  - Kt . 

SET  Up:  AT,  - 0 . From  Exercise  6.37.  the  work  for  x - 0 to  x = 3.0  m is  4.0  J.  W for  x-0  to  x - 4.0  m is  also 

4.0 J.  For  x = Oto  x = 7.0m,  IF  = 3.0J. 

EXECUTE:  (u>  K -iXti  ,*o  v-  JlKjm  - ^2(4.0  J|/(2.0  kg)  - 2.00  m.'  % . 

<I>1  No  work  is  done  between  x - 3.0  m and  x - 4.0  m . so  the  speed  is  the  same.  2.00  m'x. 

<c»  K - 3.0  J . «I  v - 'JlK.'m  - J2(3.0  11)2.0  kg  I - 1.73  mh . 

EVALUATE:  In  e»:h  case  the  work  done  by  Fis  positive  and  the  car  gains  kinetic  energy. 

IDENTIFY  and  SET  UP:  Apply  Eq.(6.6).  Let  pwnt  I be  where  the  sled  is  released  and  point  2 he  at  x - 0 for  port  la) 
and  at  x - -0200  m for  part  lb).  Use  Eq.(6.10>  for  the  work  done  by  the  spring  and  calculate  A\.  Then  K1  -^«iv\ 
gives  vv 

Execute:  (u)  - A',  so  K:  = AT,  + Wm 

A - 0 (released  with  no  initial  velocity),  A\  - 4/w|,.» 

Tlie  only  force  doing  work  is  th:  spring  force.  Lq  <6. 10 1 gives  the  work  dcxvcow  the  spring  to  move  its  end  from  .r  to 
Xj.  Th:  force  the  spring  exerts  on  an  object  attached  to  it  rs  F - -Ax,  so  the  work  the  spring  docs  is 

^-(4ATS7Av*)-Ur'-ltT*.  Here  x,- -0.375  m and  r,-0.  Thus  IF  . -2(4000 N m)(- 0.375 m)J-0 - 2SI J 


A*  » AT.  + H'  - 0 + 28 1 J - 28 1 i 


Then  A\  - Im\:  implx-s  r.  - — — - 2.83  m s. 


70.0  kg 


(b)  A\  - A',  + 
A -0 


- W -AAy;  -±kx\.  Now  x3  -0.200  m.  so 


Hr  ^ 4(400(1  N mH  -0.375  ml3  ~4<4000  N.'mX  -0.200  m>*  -281  J -80  J =201  7 


Thus  K, . - 0 + 201  J - 201  i and  K3  - Imvt  gives  \\  - )— s-  - ilil. - 2.40  m s. 


m \ 70.0  kg 

EVALUATE:  The  spring  does  positive  work  and  the  sled  gains  speed  as  it  returns  to  x - 0.  More  work  is  done 
dunng  the  larger  displacenxnt  in  part  (a),  so  th:  sp^^^  there  is  larger  than  in  part  (b). 

Identify:  Ft  - kx 

SET  UP:  When  the  spring  is  in  equilibnum.  the  sanx*  force  is  applxd  to  both  ends  of  any  segment  of  the  spring. 
Execute:  (u)  When  a fcccc  F is  applied  to  cich  end  of  the  original  spring,  the  end  of  the  spnng  is  displaced  a 
distanre  v.  Each  half  of  the  spnng  elongates  a distance  v,  . where  x.  - x/2  . Sinre  F is  also  the  force  applied  to  each 


half  of  the  spring,  t - kx  and  l - *txk . kx  - k%x%  and  Aft  - A I — 1-24 
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6.41. 


<b)  The  same  reasoning  ax  in  part  la)  gives  k^t  - 34  . wIxtc  4^  is  the  force  constant  of  each  segment. 

Evaluate:  Tor  half  of  the  spring  the  same  force  produces  less  drsplaccnxnt  than  for  the  original  spring.  Since 
k -Fix.  smaller  x for  the  xanx  F means  larger  k. 

lui.Min  and  SET  UP:  Apply  Eq.(6.6)  to  the  glider.  Work  is  done  by  tlx  spring  and  by  gravity.  Take  point  I to  be 
where  the  glider  is  released.  In  part  (a)  point  2 is  where  the  glider  Ills  traveled  I .SO  m and  A',  - 0.  There  two  points 
are  shown  in  Figure  6.4 1 a.  In  part  <bt  paint  2 is  where  the  glider  lias  traveled  0.S0  m. 

Execute:  iu)  - K:  - A',  - 0.  Solve  for  xlt  the  amount  tlx  spring  is  initially  compressed 


a Wm  r Jf#  -0 
So 

|The  spring  docs  positive  work  on 
the  glider  since  the  spring  force  is 
directed  up  the  incline,  the  same  as 
the  dirccticei  of  the  displaeenxnt.  > 


Tlx  directions  of  the  displacement  and  of  the  gravity  force  arc  shown  in  Figure  6.4  lb. 

Wm  - (wcos^).v  - (mgcosl30.0^ 

If  - 10.0900  kg((9.S0  mb'XcosUO.O’Xl.SO  m)  - -1.020  ! 
(The  component  of  w parallel  to  the  incline  is 
directed  down  tlx  iixlinc.  opposite  to  the 
displacement,  so  gravity  does  negitive  work.  ) 


wm" 


Figure  6.4 lb 


W =-4f.  - 1-1.020  i 


=Tfa,'  » », 


^ 2JL020J,  OC565 

4 V 640  N in 


r. 


|b)  The  spring  was  compressed  only  0.0565  m so  at  this  point  in  the  motion  the  glider  is  no  longer  in  cccitact  with  the 
spring.  Points  1 and  2 arc  shown  in  Figure  6.41c. 


K<  -0 


From  part  («),  If,.  - 1.020  J and 

H'  - («gco*l30.0°)>  = (0.0900  kgM9K0m/s:l|c<*130.0°H0.80  m)^  -0.454  J 
Then  K,  - -» If  =-*1.020  J-  0.454  J = *0.57  J. 

Evaluate:  The  kinetic  energy  in  part  (b)  is  positive,  as  it  must  he.  In  part  (a).  x3  - 0 since  the  spring  force  is  no 
longer  applied  past  this  point.  In  computing  the  work  done  by  grav  ity  we  use  tlx  full  0.80  m the  glider  moves. 

6.42.  iDEVnFV:  Apply  lfu  - A'.  - A,  to  tlx  brick.  Work  is  done  by  the  spring  force  and  by  gravity. 

SET  UP:  At  the  maximum  height,  i - 0 . Gravity  docs  negative  work.  - -m#A  . The  work  dime  by  the  spring 
is  r4rf* . where  d is  the  distance  the  spring  is  compressed  initially. 

Execute:  The  initial  and  final  kitxlic  energies  of  the  brxk  arc  Kith  zero,  so  the  net  work  done  on  tlx  brick  by  the 
spring  and  grav  ity  is  zero,  so  <I/2)4J*  - mgh  - 0 . cc 

d - J2mgh  i 4 - J2(I.S0  kg)9S0  m/x*)<3.6  m)/(450  N/m)  - 0.53  m.  The  spring  will  provide  an  upward  force 
while  the  spring  and  tlx  brick  are  in  ccoitact.  When  this  force  gees  to  zero,  the  spring  is  at  its  uncompressed  length. 
Hut  when  the  spring  reaches  its  uncompressed  length  the  brick  has  an  ipwurd  velocity  and  leaves  the  spring. 
EVALUATE:  Gravity  does  negative  work  because  tlx  gravity  force  is  downward  and  tlx  brick  moves  upward.  The 
spring  force  docs  positive  work  on  the  brick  because  the  spring  force  is  upward  and  the  brick  moves  upward. 
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6.43. 


6.44. 


6.45. 


6.46. 


6.47. 


6.48. 


IDENTIFY:  Apply  the  relation  between  energy  and  power. 


SET  UP:  Use  P to  solve  Uk  IK.  the  energy  the  bulb  uses.  Then  set  this  value  equil  to  and  solve  for  the 

A/ 

speed. 

Execute:  »’  - P& =(ioo  \V)(3600»>» 36xio'  I 


70  kg 

Evaluate:  Olympic  runners  achieve  speeds  up  to  approximately  36  m s.  or  roughly  one  third  the  result  calculated. 
IDEMIFY : Energy  is  power  times  time. 

S»:r  I'P:  IW-I J-  . I >r  - 3.16-10' s . 

"Q-|o-J.>T,-32.|ty.w 

13.16x10'  s/yr) 


Exec  in  : 


(hi 


3.2x10“  W 
3.0*10’  folks 


-1.1  k\V.  person. 


3.2*  10“  W 


(cl  A . 

<0.4011  .Ox  I0‘  W / m' 


0*10*  m;  - 800  km* . 


EVALUATE:  The  area  in  pul  (c)  corresponds  to  a square  about  2K  km  on  a side,  which  is  about  18  miles.  The  space 
required  is  not  an  impcdinxnt. 

IDENTIFY:  P-'-L—  Alf*  is  the  energy  released. 

SET  UP:  &W  is  to  he  the  sam:  1 y - 3. 156*  |0  s . 

Execute:  P^Aj  - AM*  - constant . so  - P,.%tAlm  . 

EVALUATE:  Since  the  power  output  of  the  nvignetar  is  so  much  larger  than  that  of  our  sun.  the  meehinism  hv  which 
it  radiates  energy  must  be  quite  different. 

IDENTIFY:  The  thermil  energy  is  produced  » a result  of  the  fotec  of  friction.  P - The  average  thcrnral 

power  is  thus  the  average  rate  of  work  done  by  frictxm  or  P - P.v^  . 


Set  I p:  r 


ms  -t  0 


- 4.00  m s 


2 \ 2 

Execute:  P - F\.  - [lci.200>(  20.0  ks>i9.K0  mV)]<4.00  nvxl  - 1 57  W 

Evaluate:  The  power  could  also  be  determine!  as  tlie  rate  of  change  of  kinetic  energy.  AAT/f,  when:  the  time  is 

calcubtcd  from  vf  - v and  a is  calculated  from  a force  bnlaixe.  ^P  - <tnj  - 

IDEVITFY:  Use  the  relation  P - Pv  to  relate  the  given  force  and  velocity  to  the  total  power  developed. 

SETUP:  1 hp  ■ 746  W 

Execute:  The  total  power  is  P -py  -(165  NH9.00  m*)-  1.49x  10’  W Each  rider  tliereforc  contributes 


Ul  49x10*  \Vl.’2  = 745  War!  hp 

EVALUATE:  The  result  of  one  hoisepower  is  very  large:  a rider  could  not  sustain  this  output  for  long  periods  of 
time. 

Ideviify  and  Set  UP:  Calculate  the  power  used  to  make  the  plane  climb  againtf  gravity.  Considrr  the  vertical 
motKin  since  gravity  is  vertical. 

Execute:  The  rate  at  which  work  is  being  done  against  gravity  is 
P-Pv-  mgv  - ( 700  kgX9.80  m x;  X2.5  in  s)  ^ 17.15  kW. 

This  is  the  part  of  the  engine  power  that  is  being  used  to  make  the  airplane  climb.  The  fraction  this  is  of  th:  total  is 
17.15  kW.75  kW  - 0.23. 

EVALUATE:  The  pawer  we  calculate  for  making  tlx  airplane  climb  is  considerably  less  than  the  power  output  of  the 
engine. 
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6.49. 


6.50. 


6.51. 


6.52. 


6.53. 


AH' 

IDENTIFY:  Pm  - — — Tlic  work  you  do  in  lifting  mast  m a height  h is  mgh. 

SETUP:  I hp - 746  W' 

EXECUTE:  (a)  The  number  per  minute  would  be  th:  average  power  div  ided  by  the  week  (mgh) I required  to  lift  one 

(0.50  hp)  1746  W.-lip)  , ..  . , . 

box.  v — 1.41  /*,  or  84.6  /mm. 

(30  kg>  (9.80  m s*  > ( 0.90  ml  f 


I b)  Similarly, 


(100  w> 


: . 0.378 /s.  or  22.7  /min. 

(.10  kgl  1 980  m/s*  > (0.90  m>  ' ' 


Evaluate:  A 10  kg  crate  weight  atxiut  66  fcs.  It  is  not  passible  for  a person  to  perform  work  at  this  rate. 
IDENTIFY  and  SET  UP:  Use  I:q.(6.15)  to  relate  the  power  provided  and  the  amount  of  work  dote  against  gravity  in 
16.0  s.  Hie  work  dooc  against  gravity  depends  on  the  total  weight  which  depends  on  the  numbeT  of  passengers. 
EXECUTE:  Find  the  total  mass  that  can  be  lifted 

_ AH’  mgh  Pj 

/>  = so  m-  — 

" Ar  r g/i 


P.  - <40  hpr  ■ 1 — - 2.984  <10*  W 
. I hp 


g/J2.W.lQ-Wltl6.0.,s2d4M>c|0 
oh  (9.80  iWs*  M20.0  m) 


This  is  tlie  total  mast  of  elevator  plus  passengers.  Hie  mass  of  the  passengers  is  2.436x10'  kg- 6<X)  kg  - 1 836  x 10*  kg. 

The  number  of  pissenecrs  is  I — ! Ll  ■ 2K.2.  28  passengers  can  ride. 

65.0  kg 

EVALUATE:  Typical  elevator  capacities  are  about  halt  this,  in  order  to  hive  a margin  of  safety. 

IDENTIFY:  Calculate  the  gallons  of  gasoline  consumed  and  from  thit  the  energy  consumed.  Find  the  time  At  for  the 
AH' 

trip  and  use  Pm . where  AH'  is  the  energy  consumed. 

SETUP:  200km-124  mi 

EXECUTE:  (a)  The  galkms  of  gasoline  consumed  is  — — — 4.13  gal . The  ecvrgv  consumed  is 


31)  mi 


(4.13  gal>l.3x  I0V  J/gal)-  5.4x10*  J. 

124  nu 


(l>)  flic  time  lor  Ihe  Inp  is 


— ^ 2.07h -7450  s.  Pu  5 4 ‘ 10  J ^ 7.2x10*  W»720  kW  . 

60  mi  h A/  7450  s 


7*>0x  10'  W 

EVALUATE:  The  rate  of  energy  consumption  is  —2 970  hp  . 

4,7  1 746  W,  hp  1 

IDENTIFY:  Apply  P - /’ I . /*  rs  the  force  /’of  water  resistance. 

SET  UP:  1 hp  = 746  W . 1 km  h ^ 0.228  nVs 

EXECUTE:  r J°  7<M/>-  lO-7O>r28O.O0OhpX746  W.-hp,  8|xl0>x 
v <65  knv'h)  ( (0.22S  m s)/(  1 km  h)) 

EVALUATE:  The  power  required  depends  on  speed,  because  of  the  factor  of  v in  P = F(t  arxl  also  because  the 
resistive  force  increases  with  speed. 

IDEMIFY:  To  lift  the  skiers,  th:  rope  must  do  positive  work  to  counteract  the  negative  work  developed  by  th: 
corrqioncnt  of  the  gravitational  force  acting  on  the  total  number  of  skiers, 

F - Smg  sin  a . 

Set  Up:  P = Fy  - Fmfty 

Execute:  P - F t -f  <-A'mg(co*^)li- . 


P„.  - I <50  rider*  1(70.0  kg >(9.80  nv*’ Hear  75.0*)] 


(12.0  km'h  l 


3.60  km  h 


PtHm  - 2.96 x 10*  W - 29.6  k\V  . 

EVALUATE:  Some  additional  power  would  be  needed  to  give  the  riikrs  kinetic  energy  as  they  arc  accelerated  from 

rest. 
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6.54.  Idem  it Y:  Relate  power,  work  and  tim:. 

Si:r  UP:  Work  done  in  c»:h  stride  is  IF  - Fx  and  Pdl  - Wji . 

Execute:  lOO strokes  per  second  means  Pti  - 100 Fsjt  with  / - 1 .00  s.  F - 2mg  and  t - 0.010  m.  Pm  - 0.20  W. 
Evaluate:  For  a 70  kg  penon  to  apply  a fonre  of  twice  his  weight  through  a distance  of  0.50  m fee  MX)  times  per 
second,  the  average  power  output  would  be  7.0  x 10'  W . This  power  output  is  very  far  bcyccid  the  capability  of  a 
person. 

6.55.  IDIM1R : For  mass  dm  located  a distance  x from  the  avis  and  moving  with  speed  v,  th:  kinetic  energy  is 

A'  - . Follow  tlie  procedure  specified  in  the  hint. 

SET  Up:  The  bar  and  an  infinitesimal  mass  elenxnt  along  the  bar  arc  sketched  in  Figure  6.55.  Let  M - total  mass 
and  T - tin for  one  revolution . v - . 


Execute:  K - ji( J«lnj . dm  - —dx . w 

There  are  5 revolutions  in  3 seconds,  so  T - 3/5  s - 0.60  s 

K = |e*'(I2.0  kg)  (200  m)7<0.ffl  *)‘  - 877  1. 

Evaluate:  If  a point  miss  12.0  kg  is  2.00  m from  the  avis  and  rotates  at  the  same  rate  as  the  bar. 
v ,il!  20.9  m s aiul  K - 4 m%*  - 4< 1 2 kg  K20.9  ms)J  - 2.62  x 10*  J . K for  the  bar  is  smillcr  by  a factor  of 

0.33.  The  speed  of  a sccmcnt  of  the  bar  &crcases  toward  the  axis. 


6.56.  IDENTIFY:  Density  is  mats  per  unit  volume,  p - mfV  , so  we  can  calculate  the  mass  of  the  atteroid.  K - . 

Since  the  asteroid  comet  to  rest,  the  kinclK  energy  it  drlivers  equals  its  initial  kinetic  energy. 

SET  UP:  The  volume  of  a sphere  it  related  to  its  diameter  by  V - — xd* . 

6 

EXECUTE:  (u>  r = 1(320  ra)‘  = 1.72x10’  m\  12600  kg  m Ml  72-  I O’  m')-4.47»IO’  kg. 

6 


A - r/w»,J  a 4(447 x 10”  kg)(l2.6xl0*  ms»;  =3.55x  10l*  J . 


<b>  Tlie  yield  of  a Castlc'Bravo  device  is  <1  s#4.184  x It)  ‘ J)  - 6.28x10**  J . 1 ' J - 56.5  devices . 

Evaluate:  If  such  an  astcrood  were  to  lut  the  earth  the  effect  would  he  catastrophic. 

6.57.  iDEVIltY  and  Stir  I'P:  Since  tlie  forces  are  constant.  Lq.(6.2)  can  he  used  to  calculate  the  work  done  by  each  force. 
The  forces  on  the  suileate  arc  shown  in  Figure  6.57a. 


Figure  6.57a 

In  part  (f  >.  Lq.i  6.6t  is  used  to  relate  the  total  work  to  the  initial  and  final  kinetic  energy. 

Execute:  <u>  h;  ^iFcas*)* 

Both  F and  s are  parallel  to  th:  inrlinc  and  in  the  lame  direction,  so  fi  - 90°  and  IF  - Fx  - (140  NX3.S0  ml  - 532  J 
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6.58. 


6.59. 


6.60. 


(b|  The  directions  of  the  displacement  and  of  the  gravity  force  are  shown  in  Figure  6.5?b. 

Wn  = (wcos^t 
« -- 1 15°,  so 

H;  -(1%  X)cosl  15^(3.80  m> 

W =-315  J 

*w 

Alternatively,  the  compccieni  of  h*  parallel  to  the  inclio:  is  M'sm2S°.  This  compocxnt  is  down  the  incline  so  its  angle 
with  s is  ^-18CT.  =(1%  Nxin25c)(cosl80*K3^0  m)- -315  J.  The  other coirgmocnt  of  w;  MCOs25°f  is 

perpendicular  to  * and  hence  dexs  rxi  work.  Thus  Hfm  - - -315  J.  which  agrees  with  the  above. 

(c>  The  normal  force  is  perpendicular  to  the  displacement  (^  - 9(F).  so  IF.  = 0. 

(d|  n - h c<k25'  so  A ^c«w 25^  = (030K 196  N)cck 25^  = 53.3  N 

H f ^ {/  cos^.y  = (53.3  N K cos  1 S0*K3.80  m)  = -202  J 
(c|  W^mW,  +H\  +WA+W,  = +532  J -315  J +0-202  J =15  J 
If  > = K*  “ A,,  A',  =0.  so  Aj  = 


>*T 


*; 


2051) 


. nu 


20.0  kg 

EVALUATE:  The  total  week  dixvc  is  positive  and  the  kiixtic  energy  of  the  suitcase  increases  » it  moves  up  the  incline. 
IDEOTIFY:  The  work  be  does  to  lift  his  body  a distance  /i  is  IF  - «i#/j . The  work  per  unit  mass  is  (lf/m)  = h . 

Si:r  UP:  The  quint ity  yh  lias  units  of  N.  kg. 

EXT.CI TE:  (u|  The  man  does  work.  <9.8  Sfk g I (0.4  m|  = 3.92  J/kg. 

(b)  (3.92  J/kg )/(70  J/kg  )x  100  = 5.6%. 

(c) Tlie  child  does  work  (9.S  N/kg)(0.2  m)  = 1 .96  J/kg.  (1.96  J/kg)/(70  J/kg) x 100  = 2.8%. 

(d|  If  both  the  min  and  the  child  can  do  work  at  the  rate  of  70  J/kg.  and  if  the  child  only  needs  to  use  1.96  J/kg 
instead  of  3.92  J/kg.  the  child  should  tv  able  to  do  more  chin-ups. 

EVALUATE:  Since  the  child  lias  arms  hilf  the  length  of  his  father's  arms,  the  child  must  lift  his  body  only  0.20  m t 
do  a chin* up. 

iDEVIltY:  Apply  the  definitions  of  IMA  and  AMA  given  in  the  problem 

SET  L’P:  When  the  object  moves  a distance  L alone  the  ramp,  it  rises  a vertical  distance  Isina  . 


Execute:  (ui  .<=/..  * - /.sin«.  so  IMA  - 


jsi  v 


•»>!*■  AMA -IMA.  (/;.//•.  I-I../V..I  and  so  (F.J (._>  = <f. )(«.). or  H'_  -IT*. 

(c)  The  pulley  is  sketched  m Figure  6.59. 

id 

»;  «./*„  mm 

Evaluate:  I\  - usina  and  f.  - n . M.v_)  - (*‘in«U . )(«  » - n|iin  aL) . Ihcrclorc. 


(A.  )(■*• ) - < Ha-,)  • A smaller  force  acting  over  a larger  distance  does  the  sanx  amount  of  work  as  a larger  force 

ictini?  over  a smaller  distanre. 


F igure  6.59 

Identity:  Apply  Y A - ma  to  each  block  to  find  the  tension  in  the  siring.  Each  force  is  ccxistant  and 
SET  UP:  The  free  body  diagram  for  each  block  is  given  in  Ficurc  6.60.  m.  — — 2.04  kg  and 


- Avcosd 


12.0  N 


- 1.22  ku 


a 


E 


6-16  < h jptcr  6 


6.61. 


6.62. 


6.63. 


EXECUTE:  T - /.  - m .a  . iv.  -T  = rn.ir . wv  - /.  - (m.  -f  /w.  )i  . 


A^o.u- 


M 


and  r - w . 


•u 


- w 


W . t IV 


- 7.50  N . 


J / ' 4 / V "A  ’ 

20.0  N block:  »'„  = 7*  -(7.50  NH0.7S0  m>  ^ 5.62  J . 

12.0  X block : -(h’#  - 7>  - (12.0  N - 7.50  NM0.750  ml  ^ 3.38  J 

W r, /.  .(h.-uh-ii — i-K», 


•fe) 


r?  4 *t  mrf  \ m . ♦ 

7*  ^ 6.50  N + (5.50  N X 0.625 1 = 9.04  N . 

20.0  N Mock:  ^ (7*  - /k  )*  ^ (9.94  N - 6.50  N«0.750  m>  ^ 2.5S  J . 

12.0  N Mock:  »TM  - (w„  - 7>  - (12.0  N -9.94  NM0.750  ml  ^ 1.54  J . 

EVALUATE:  Since  the  two  blocks  nx»ve  with  equal  sjxcds.  for  each  block  HfM  - - AT,  is  proportional  to  tlx  mass 

(or  weight)  of  that  block.  With  Inctxm  tlx  gain  in  kinetic  energy  is  less,  so  the  total  week  oo  each  block  is  less. 


1 


'A1 


- 200 

<•) 


N 


Figure  6.60 


IDENTIFY:  a:  - £niv  Find  the  speed  of  the  shuttk  relative  to  the  earth  and  relative  to  the  satellite. 

SET  L’P:  Velocity  is  distance  divided  by  time.  For  one  orbit  the  shuttle  travels  a distance  2.tR  . 


Execute:  <■)  imi- - 1m  iff.  -1(86,400  kg> 
2 2 T 2 


2ff(6.66xl0’ 


(90.1  mm)  (60 

(b>  (1/2) mV*  -(1/2)  (86.400 kg) ((l.OO m)/(3.00  s))1  -4.80x10*  J. 


-21!_  1 

t/min)  ; 


2.59x10'  J. 


EVALUATE:  The  kinetic  energy  of  an  object  depends  on  the  reference  franx  in  which  it  is  nxasured. 

Identify:  W - Fsaufi  = K,  - Kk . 

SET  L’P:  f - //t/? . Tlx  normal  force  is  n - mgca%0 . with  0 - 12.0°  . The  component  of  the  weight  parallel  to  the 

incline  is  mg  sin  0 . 


Execute:  (u>  *-180°  and  - - A'  - -(x1"?  cm0)x  - -«t.l  11(5.00  kgX9.80  n^Kcw  1 2.0“ )( 1 . 50  m I - -22.3  J 

(b)  (5.00 kgM9.S0  n\/*'K*inl2fl°Kl.S0m)  = lS.J  J. 

(c)  The  normal  force  docs  no  work. 


<d|  - 15.3  J -22.3  J =-7.0  J 

(*)  K,  - K,  t - (l/2)(S.OO  kgM2.2  m/t)1 -7.0  J - 5.1  J . and  w v,  - ^2(5.1  I).(5.00kg|  = 1.4  m,'» . 
Evaluate:  Friction  does  negative  work  anJ  gravity  does  positive  work.  The  net  work  is  negative  and  the  kinetic 
energy  of  the  object  decreases. 

IDENTIFY:  The  effective  force  constant  is  defined  by  Xtl!  - F t x . when:  F is  the  force  applied  to  each  end  of  the 
spring  combination  and  x rs  the  amount  the  spring  combination  is  stretched. 

SEE  L'P:  Consider  a force  F applied  to  each  end  of  the  combinatxm.  Then  F and  f\  are  the  forces  applied  to  each 


spring  and  F - Fh  + F1 . Each  spring  stretches  the  sanx  amount  x. 


EXECUTE:  (u)  F — Xk„.r  . /*  - Fx  + F:  - kxx  + k>x  . liquating  the  two  expressions  for  F gives  ktg  - X + A\  . 

<h|  Tlx  same  pnxedure  as  in  put  (a)  gives  ktg  - kt  + k1  + •••+ kK  . 

EVALUATE:  The  effective  fcccc  constant  of  the  configuratKin  is  greater  than  any  of  tlx  force  constants  of  the 
individual  springs.  More  forec  is  required  to  stretch  the  parallel  combination  thit  is  required  to  stretch  each  separate 
spring  the  same  amount 
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6.64. 


6.65. 


6.66. 


6.67. 


I DEN  I1FV:  H>c  effective  force  constant  is  defined  by  k%t.  - Fix  . where  /*  is  the  force  applied  to  each  end  of  the 
spring  combination  and  r k the  amount  the  spring  combimtion  is  stretched. 

SET  L’P:  Consider  a force  /*  applied  to  each  end  of  the  combinatwn.  The  same  force  F is  applied  to  each  spring. 

Spring  I stretches  a distance  v(and spring  2 stretches  a distance  x2.  where  x,  — F>k  and  x}  - Ftk2 . The  total 

distanre  the  combination  stretches  is  x « Xj  + xa . 

, F F F \ 11 

Execute:  (u>  x - x + x*  gives and ♦ — . 

K *.  * *> 

I h|  The  same  pnxedure  ax  in  part  (a)  gives — + — + •••■ f — 

*«r  ki 

EVALUATE:  Tor  two  xnrinux  the  result  in  part  (a)  can  be  written  ax  k . - 


M; 


k{  + k. 


i The  effective  force  constant  for 


the  two  springs  in  series  rs  less  thin  the  force  constant  foe  each  individual  spring.  It  takes  less  force  to  stretch  the 
combination  an  amount  x than  to  stretch  either  separate  spring  an  amount  x. 

IDENTIFY:  Apply  Eq.<6.7). 

Sir  L'P: 


Execute:  <u>  W - 


-i  .*(1-1 

K X3  X j lx,  X, 


The  force  is  given  to  be  attractive,  so  F < 0 .. 


ind  A must  be  positive.  If  ^>x,  — < — , and  W < 0 


(b)  Taking  "slowly"  to  be  constant  speed,  the  net  force  on  th:  object  is  zero.  The  force  applied  by  the  lund  is 
opposite  F . and  the  w ork  done  is  negative  of  thit  found  in  pirt  (a),  or  A I — - — L which  is  positive  if  x,  > x. . 

U *>) 

(c>  The  answers  have  the  sanx  magnitude  but  opposite  signs;  this  rs  to  he  expected,  in  that  the  net  wxirk  done  rs  zero. 
EVAUIATE:  Your  force  is  directed  away  from  the  on  gin.  so  when  the  object  moves  away  from  the  origin  your  force 
does  positive  work. 

IDENTIFY:  Apply  Ia|.<6.6>  to  th:  motion  of  the  asteroid 

SET  L’P:  Let  point  1 he  at  a great  distance  and  let  point  2 be  at  the  surface  of  the  earth  Assume  - 0.  from  the 
informition  given  about  the  gravitational  force  its  nugiutudc  ax  a function  of  distance  r from  the  center  of  the  earth 
must  he  F - fr)1.  This  force  is  directed  in  the  -r  direction  since  it  is  a "pull".  F is  not  ccvistant  so  Hq.16.7) 

must  he  used  to  calculate  the  work  it  does. 

Extern:  »•  = -f  V * = -J * | j dr  , -mgFl ) - mgRt 

Wm*Kx-Kl%  Kx  -0 

This  gives  ^ 1.25xlO,J  i 

ATv  ^ ymri  so  v,  - JikJm  ^ 1 1.000  nvx 

Evaluate:  Note  that  i*j  - ni'2^i  . th:  impact  speed  is  independent  of  the  mass  of  th:  asteroid. 

IDENTIFY:  Calculate  tlie  work  done  by  friction  and  :pply  - K1  - . Since  the  friction  force  is  not  constant, 

use  Eq(6.7>  to  calculate  the  wixk. 

SET  UP:  Let  x be  the  distanre  past  P.  Since  fiK  increases  linearly  with  x,  - 0. 100  + Ax  . When  x - 12.5  m * 
fK  0.600 , so  A - 0.500  \ 12.5  m)  = 0.0400  tn 

Execute:  (u)  H'M  - AK  - K.-K  gives  -j  ft^mgdx  - 0-  1«1V:  . Using  th:  above  expression  for  , 

xj  (0  100+  Axidx  -li'and  «j(0.100|»,  . (9.80  m*' )|<0.I0Q)«,  (0.0400  m)i-  - 1(4.50  n»»); 

Solving  for  x;.  gives  x;  - 5. 1 1 m . 

(b)  u -0.100  + (0.0400'm>5.1 1 m)- 0.304 
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6.68. 


6.69. 


6.70. 


I',“- ’'■^•aa^"L,-)‘l05'n 

Evaluate:  The  bax  goes  farther  when  the  friction  cocITieient  doesn't  increase. 
iDEYim  : Use  Eq.(6.7)  to  cakulate  W. 

SET  UP:  * - 0 . In  part  (a).  xy  - 0.050  m . In  part  (b|.  x}  » -0.050  m . 

* i *>  i * 


LXECL'TL: 


(u)  W - J t Fdx  - J * (fa- b.x'  f c*1  Wv  - — + -x!  . 


It  ♦ 


H -(50.0  NrmjXj  -(233  N.' m U'j  + (3000  N/m  Uj.  When  r,  - 0.050  m % H - 0.12  J 
lb)  When  x2  - -0.050  m.  If*  - 0. 1 7 J . 

(c)  It's  easier  »o  stretch  the  spring;  the  quadratic  -Ar*  term  k always  in  the  - x •direction,  and  so  the  needed  fcecc. 
ind  hence  the  needed  work,  will  be  less  when  v,  > 0 . 

Evaluate:  When  v = 0.050  m.  F - 4.75  N When  x - -0.050  m , F » S.25  N . 

IDLN I1FV  and  SET  UP:  Use  ^F  - md  to  find  the  tension  force  T.  The  block  moves  in  uniform  circular  motion  and 


(a)  Tlic  free -body  diagram  for  the  bkvk  is  given  in  Figure  6.69. 

Exifini:  2]F.  *mat 

r*m'- 1 
R 


r^roi20kg><(l  imX>  - o. 1 5 n 


0.40  in 

mx 

Figure  6.69 

(b>  r-™-.(0.120kgl— iHi±-9.4N 
R 0. 10  m 

(c>  Si:t  UP:  The  tension  changes  as  tlv  distance  of  the  block  from  the  hole  changes  We  could  use  W - j * /’  dx  to 
calcuUte  the  work.  I3ut  a much  simpler  approach  is  to  use  - AT;  - A', 

Execute:  Hie  only  force  doing  work  on  the  block  is  the  tension  in  the  coed,  so  Wm  - Wt. 

AT,  -imif  ^4(0.120 kgMO.TOm^)1  ^0.0294  i 
K,  ^4(0.120  kgX2.N0  m*)'  - 0.470  J 
H'm  - K,  - K,  - 0.470  J -0.029  J - 0.44  I 
This  is  the  amount  of  work  done  by  the  person  who  pulled  the  cord. 

EVALUATE:  The  block  moves  inward,  in  the  directxm  of  the  tension,  so  T docs  positive  work  and  the  kinetic  energy 
increases. 

iDEVim : Use  Eq.(6.7)  to  find  the  work  done  by  F.  Then  apply  K r - A'  - A . 


rdx  I 

If  j Z.dx-a\  — j.  JT«(2.l2xlO^  Nm*%X(0.200m  ‘)-H  25*10*  m »--2.65*H  i 


SET  UP: 

Execute: 

Note  that  v,  is  so  hrge  compared  to.v;.  that  tlic  term  1/x,  is  negligible.  Then,  using  l*q.  (6.13))  and  solving  for  v2  % 

,,  , Jqoox.0'  ,'»)•  « J.  _2.4,„,0'  miS 

■ V rn  \ <1.67x10-  kg) 


lb)  With  A\  - 0.  W - -A', . Using  W - _ 


z 2 a 


2(2.12x10’*  N m:  t 


A,  mv.  (1.67x10  * kgX3.00x!0>  insj 


- 2.82x10  ” m. 
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(c)  The  repulsive  force  has  dnoc  no  net  work.  so  the  kinetic  energy  and  bcncc  the  speed  of  the  protect  have  their 
original  values,  and  the  speed  is  3.00  x 10*  mi's  . 

Evaluate:  As  the  proton  moves  toward  the  uranium  nucleus  the  repulsive  force  does  negative  work  and  the 
kinetic  energy  of  the  proton  decreases.  As  the  proton  moves  away  from  the  uranium  nucleus  the  repulsive  force  does 
positive  week  and  the  kinetic  energy  of  the  proton  increases. 

6.71.  IDENTIFY  and  SET  UP:  Use  v4  - dx/dl  and  ot  - dvjdi . Use  Y /'  - ma  to  calculate  F from  a. 

Execute:  (u>  x{t ) - at 1 + fit\  v4(/|  - — - 2 at  + 3 fir 

dt 

t ^ 4.00  %:  v.  a 210.200  nil's1  *4.00 *) ♦ 3<0.0200  mV  X4.00  s)J  a 2.56  ms. 

<b>  — -2a*bpt 

dt 

F * mat  - m\2a  + 6 /ft) 

t a 4.00  s:  Ft  - 6.00  kg< 2(0.200  in'**) +6(0.0200  m's>X4.00  s»)  a 5.28  N 
(c)  Identify  and  SET  Up:  Use  Eq.(6.6)  to  calculate  tb:  work. 

Execute:  wm  - a,  - a:, 

At  r,  = 0.  \\  -0  so  A,  = 0. 


6.72. 


L71 


Then  Jfw  a A\  - A,  gives  that  H;  - 19.7  J 

Evaluate:  v increases  with  / so  the  kinetic  energy  increases  and  the  work  done  is  positive.  We  can  also  cakrulate 
Wf  directly  from  Eq.(6.7k  by  writing  dx  as  v.  dt  and  performing  the  integral. 

IDENTIFY:  Since  the  capsule  comes  to  rest,  the  amount  of  work  the  capsuV:  dees  on  the  ground  equals  its  original 
kincte  energy.  Use  constant  acceleration  kxneimtic  equations  to  calculate  the  stepping  tinx  r.  Af  - / . 
s»:r  UP:  3 1 1 km  h - 86.4  m s . Let  + v he  the  direction  the  capsule  is  traveling  before  the  crash. 

EXECUTE:  Air  - K,  --mv'  -^(210  kg)<86.4  m'*)'  =7.84x10'  J . y-yt  - O S 10  m . v.  - Sh.4  m. and  v - 

«10‘  J 


+ I 


- V - 


■ give,  l * - -'OSIOm>  - 0.01875  , . - 1 

i 86.4  m s St  0.01875  s 


4.18x10  W 


' • V 2 

Evaluate:  A large  amount  of  work  is  done  in  a very  small  amount  of  time. 

IDF.MIFY  and  SET  UP:  Use  I:q.(6.6).  You  do  positive  week  and  gravity  docs  nc&itivc  work.  Let  point  1 be  at  the 
base  of  the  bridge  and  point  2 be  at  the  top  of  the  bridge. 

Execute:  w * K}  - A, 

A,  a Imv;  a it 800  kg X 5.00  nV*)*  a 1000  i 


W„  -90  J -1000  J a -910  J 

(bl  Neglecting  friction,  work  is  done  by  you  (with  the  force  you  apply  to  the  palais)  and  by  gravity: 

H'm  - + H^4|.  The  gravity  force  is  - (80.0  kgK9.80  mV)  - 7$*  N.  downward.  The  displacement  is 

5.20  m.  upw  ard.  Thus  p-  180:  and 

W9^  » (Fcot^)v  a (784  XX5.20  m)cosl8<r  - -4077  J 

Then^aH^  + H;^  gives 


- -910  J -(-4077  J|-  +3170  J 


6.74. 


EVALUATE:  The  total  work  done  is  negative  and  you  lose  kinetic  energy 
IDENTIFY : Use  Eq.(6.7)  to  calculate  W. 


S»;r  Up: 


f*  \fr  = 1— 

S n- i 


Execute:  (u>  H'  - —dx 
J *•  X* 


b 


Note  that  for  this  port,  for  i»>  L .r*  * 
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6.75. 


6.76. 


6.77. 


(b)  When  0 < n <.  I . the  improper  integral  must  be  used 


and  because  the  exponent  on 


ihc  xj“*  is  positive.  the  limit  docs  no!  exist*  and  the  integral  diverges.  TTiis  is  interpreted  as  the  force  F doing  an 
infinite  amount  of  week,  even  though  F -+  0 at  x1  -♦  x. 

EVALUATE:  The  work>  energy  theorem  says  that  an  object  gams  an  infinite  amount  of  kinetic  energy  when  an 
infinite  amount  of  week  is  done  on  it. 

IDENTIFY:  The  negative  work  done  by  the  spring  equals  the  change  in  kinetic  energy  of  the  car 

SET  UP:  The  week  done  by  a spring  when  it  is  compressed  a distance  v from  equilibrium  is  -yAr . Aa  = 0 . 

EXECUTE:  -4-tv*  - K.  - A,  gives  and 

*=(imf)/x5  =[(1200  kg H 0.65  m's)J]/<0.0?0  m)’  a 1.0x10*  N m . 

EVALUATE:  When  the  spring  is  compressed.  the  spring  force  is  directed  opposite  to  tb:  dttplacenrcnt  of  the  object 
and  the  work  done  by  the  spring  is  negative. 

Identify:  Apply  = Kl  - A, . 

SET  L’P:  Let  .^.be  the  initial  distance  the  spring  is  compressed.  The  work  don:  by  the  spring  is  4£r*  - 4tv* . where 
v is  the  final  distance  the  spring  is  compressed. 

Execute:  (u)  liquating  the  week  done  by  tb:  spring  to  the  giin  in  kinetic  energy.  4Ai£  - -wjv'  . so 

V ^ Jiv  = ( 4Q0N  m (0.060  m)  - 6.93  m s. 

V«1  \ 0.0.100  kg 

(b)  H'm  must  now  include  friction,  so  ±n\\*  - - pt.% . where  /is  the  magnitude  of  the  friction  force.  Then. 

.-J—S-LL,  - 2I60,)N|  lQ«^m,-4~^ 

\m  * m Y 0.0300  kg  (0.0300  kg) 

(c>  The  greatest  speed  occurs  when  the  acceleration  land  the  net  force)  are  zero.  Let  x he  the  amount  the  spring  is  still 

/ 6.00  N 


compressed,  so  the  distarxe  tb:  hall  has  moved  is  r,-i.  kx  - t . x - 


k 400  Nm 


- 0.0 150  m . To  find  tb:  speed, 


the  net  work  is  = 4A(x*  - x5 ) - /(x,  - x) . so  the  maximum  speed  is  = l—(x£  - xi ) - — f v,  - x»  . 

i m 

v = /■  4(10  N‘  m «0.060  m l3  -(0.0150  m):)  - ■ ~ ,l>'  N ’ 10  060  m -0.01  SO  in)  =520  m s 


Y 10.03(H)  kg  I (0.0300  kg) 

EVALUATE:  The  maximum  speed  with  friction  present  l put  (c))  is  Larger  than  the  result  of  part  (b|  but  smaller  than 
the  result  of  part  l a). 

IDEVTIFV  and  SET  L’P:  Use  Lq  (6.6).  Work  is  done  by  the  spring  and  by  gravity.  Let  pKiint  1 be  whde  the  textbook 
is  released  and  point  2 be  where  it  steps  sliding.  x2  = 0 since  at  point  2 the  spnng  is  neither  stretched  nor 
confessed.  The  situation  k sketched  in  Figure  6.77. 

Execute: 


-r 


* - 


-w- 


A,  = 0.  Aj  =0 

*'*w^+wu 


- 4Ax,‘.  when:  x,  - 0.250  m (Spring  force  is  in  direction  of  motion  of  block  so  it  does  positive  work.) 

H'*.— /W* 

Then  = A\  - A gives  ^kx;  - - 0 

d — I — — '~"N  M>  ' ll-> —1.1  m.  measured  from  the  point  wbdc  the  block  was  released. 

2fiiKm 8 2(0.30M250  kgX9.80  m s*  > 

EVALUATE:  The  positive  work  dime  by  the  spring  equals  the  magnitude  of  the  negativ  e work  done  by  friction.  Tb: 
total  work  done  during  the  molxin  between  points  I and  2 is  zero  and  the  textbook  sXarts  and  ends  with  zero  kinetK 
energy. 
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6.78. 


6.79. 


6.80. 


6.81. 


6.82. 


IDIMIFY:  Apply  - K:  - AT,  «o  the  cat. 

Si:r  UP:  Let  point  1 he  at  the  bottom  ot*  the  ramp  and  point  2 be  at  the  top  of  the  ramp. 

CXfXtrrE:  The  work  done  by  gravity  it  \V  - -myLsinO  (negative  since  the  cat  is  moving  up),  and  the  week  done 
by  the  applied  tbnrc  it  FL.  where  F is  the  mignitudc  of  tlx  applied  force.  The  total  work  is 

»rfc4  = <ICO  N1( 2.(0  m)-(7.00  kgK9.80  ms*')<2.C0  m)sin 30°  ^ 131.4  J . 

The  cat's  initial  kinetic  enemy  is  - -<7.00  ki:X2.40  ms)1  - 20.2  J . and 


t2i20  2 J ♦ 1 1 .4  J > 


nt  M 1 7.00  kg  t 

Evaluate:  The  rxt  work  done  on  the  eat  is  positive  and  the  cat  gains  speed  Without  your  push. 

- 8’^  - -68.6  J and  the  cat  wouldn't  have  enough  initial  kinclx  energy  to  reach  the  top  of  th:  ramp. 

Identify:  Apply  - AT,  - A,  to  the  vehicle. 

Set  UP:  Call  th:  bumper  compression  v and  the  initial  speed  v4  . The  work  dceie  by*  the  spring  is  — iAr*  and 
*2-0 

Execute:  (u)  The  necessary  relations  arc  — kx‘  - — wr*.  kx  < 5 itt£.  Combining  to  eliminate  k and  then  x.  the  two 

inequalities  are  x>  — and  k < 25 — -1— . Using  the  given  nunxrical  valors.  x > 8.16  m and 

H 5y  V 6 * 5(9.80  m s ( 

* <25?‘ 7,0  '» H 910  m ‘ ^ - ! .02 ■ l0‘  N„m. 

<20.0  m s)* 

(b)  A distance  of  8 m is  not  commonly  available  as  spucc  in  which  to  stop  a car.  Also,  the  car  stops  only  momentarily 
and  then  returns  to  its  original  speed  when  the  spring  returns  to  its  original  length. 

Evaluate:  If  k were  doubled  to  2.01  x 104  NVm . then  x - 5.77  m . The  stopping  distarxc  is  reduced  by  a factor  of 
Vjl . but  the  maximum  acceleration  would  then  be  kx'm  - 69.2  m s* . which  is  7.07#  . 

Identify:  Apply  l*;4  = Ks  - A, . W ^ Fscmf . 

SET  UP:  The  students  do  positive  work,  and  th:  force  that  they  exert  makes  an  angle  of  30.0°  with  the  direction  of 
motion.  Gravity  dacs  negative  work,  and  is  at  an  angle  of  120.0°  with  the  chair’s  motion. 

EXECUTE:  He  total  work  done  is  H*  t(600  N!cos30.0° ♦ <85.0  kg  |<9.80  in  s*  )cosl20.0°K2.50  m>-  257.8  J . 


and  so  the  speed  at  the  top  of  the  ramp  is  *.  - (»•*  + — — 


00  =xl7mi' 


(SSOkg) 

E\ AIT'aTE:  The  component  of  gravity  down  the  incline  is  mg  sin  30°  - 417  N and  the  compoixnt  of  the  push  up 
the  inclitx  is  <600  N)cos30&  - 520  N . The  force  component  up  the  incliix  is  greater  than  the  force  coirpoocnt  down 
tlie  incline,  the  net  work  done  is  positive  and  the  speed  increases. 

Identify:  Apply  IT  4 = A.  - A,  to  the  blocks. 

SET  UP:  If  .V  is  th:  distance  the  spring  is  coirpresscd.  the  work  done  by  the  spring  is  -LJA**  . At  maximum 
compression,  the  spnng  (and  hence  the  block!  is  not  mov  ing,  so  the  blork  has  na  kinetic  energy  and  x}  - 0 . 
EXECUTE:  (u)  The  work  done  by  the  Mock  is  equal  to  its  initial  kinetic  energy,  and  the  maximum  compression  is 

found  from  i*A'J  - and  X - fcv  - .1— -(6<0  m s)  - 0.600  m. 

7 \k  V 5(0  N.'m' 

(b)  Solving  for  it  in  terms  of  a known  A*,  v - |— X - ! (l<  N IT\o.  1 50  m>  - 1 .50  m s. 

\j  5.00  kg 

EVALUATE:  The  ixgativc  work  dime  by  the  spring  removes  the  kinetic  energy  of  th:  Mock. 

IDENTIFY:  Apply  - JC3  - A,  to  the  system  of  the  two  blocks  The  total  work  danc  is  the  sum  of  that  done  by 
gravity  (on  the  hanging  block)  and  that  done  by  frxlion  (on  the  block  on  the  tabic). 

SET  Up:  Let  /i  be  the  distance  the  6.00  kg  block  descends.  The  wxirk  dooc  by  gravity  is  (6.1X1  kgftA  and  th:  work 
dooc  by  friction  is  -iij  8.01  ku>g?/i . 
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Execute:  JfM  ^ (6.00  kg  - (0.25X8.00  kg))  (9.80  m’s:)  (1.50  ml  - 58.8  J This  work  increases  the  kind*  energy 

of  both  blocks:  H'  - i<«  * jo  v - ) ><- K s J>  _ 2. 90  mi 
“ 2 ' * \ (14.0)  kg  I 

Evaluate:  Since  the  two  blocks  arc  connected  by  the  rope,  they  move  the  san>:  disturxc  h and  have  the  urac 
speed  v. 

6.83.  iDEvnfY  and  S*:r  L'P:  Apply  If  k<  - ^ - AT.  to  the  system  cansifting  of  both  blocks.  Since  they  arc  connected  by 
the  cord,  both  blocks  have  the  same  speed  at  every  point  in  the  motion.  Abo.  when  the  6.(Xt*kg  block  has  moved 
downward  l .50  m.  the  8.00  kg  block  has  moved  1.50  m to  the  nght.  The  target  variable.  will  be  a factor  in  the 
week  done  by  fnctxm.  The  forces  on  c»:h  block  arc  shown  in  Figure  6.83. 


E\ECm:  K = ImS,  t im,.’  = $(«,+«,  )r‘ 

lijorc  6.8.< 

The  tension  T in  the  rope  does  positive  work  on  block  0 and  the  same  magnitude  of  negative  work  on  block  A.  so  T 
does  no  net  work  on  the  system.  Gravity  does  work  \Vm/  - mtgd  on  block  A%  wterc  d - 2.00  m.  (Block  B moves 
horizontally.  so  no  work  is  don:  on  it  by  gravity.)  Friction  dors  work  - -f\nikgd  on  block  B.  Thus 
=n^d-fitm,gd.  Then  Wm  -A ',-K,  give*  m,gd-/i,m,gd  - -ilm,  * m,)i;  and 


6.H4. 


6.H>. 


K 


MX)  kg  _ (6.01  kg  + 8.00  kg)(0.900  nvi)'  „ 
8.00  ke  2.8.00  kg«9.«l  mV  K2.O0  mi 


EVALUATE:  nc  weigh*  of  block  A does  positive  w ork  and  the  friction  force  on  block  B does  negative  w ork,  so  tlv 
net  work  is  positive  and  the  kinetic  energy  of  the  bkvks  increases  as  block  A descends.  Note  that  Kx  includes  the 
kinetic  energy  of  hath  blocks.  We  could  have  applied  the  work-energy  theorem  to  block  A alone,  but  th:n 
inclu&s  the  work  done  »xi  bkick  A by  the  tension  force. 

iDIAIItY:  Apply  Uru  - Kj  - AT,  . The  work  done  by  the  force  from  the  bow  is  the  area  under  the  graph  of  Ft  versus 
the  draw  length. 

SET  L’P:  One  passible  way  of  estimating  the  work  is  to  approximate  the  F vervus  v curve  as  a parabola  which  goes 
to  mo  at  .v  - 0 and  x - ,v0.  and  has  a maximum  of  Ft  at  x = x*  J2  , so  that  F(x)  - (4/* /xj  )x(x,  - a).  This  may 
seem  like  a crude  approximation  to  the  figure,  but  it  has  the  advantage  of  being  easy  to  integrate. 


With  /•;  - 200  N and  x.  - 0.75  m, 


W - 100  J.  1\k  speed  of  the  arrow  is  then  1^-  - t.-* 1<H>  J>.  - 89  ms . 

V * V<0  025kB» 

Evaluate:  We  could  alternatively  represent  the  area  as  that  of  a rectangle  180  N by  0.55  m TTiis  gives  W - 99  J . 
in  close  agreement  with  our  more  elaborate  estimate. 

IDENTIFY:  Apply  I*i  <6.6)  to  th:  skater. 

SET  L]P:  Let  point  1 he  Just  before  she  reaches  the  rough  patch  and  let  point  2 be  where  she  exits  from  the  patch. 
Work  is  done  by  friction.  We  don’t  know  the  skater's  mass  so  can’t  calculate  either  friction  or  the  initial  kirctic 
energy.  Leave  her  mass  m as  a variable  and  expect  that  it  will  divide  out  of  the  final  cquition. 

EXECUTE:  ft  - 0.2Smg  so  wt  = irM  - -<0.25m£ks.  where  f is  fhc  length  of  the  rough  patch. 


K - f/m;,  K,  - im-j  = im(0.45vu|'  - Cl. ’025(4  m>'  ) 


The  work-energy  relation  gives  -<0.25/irgXr  = (0.2025  - 1 
The  mass  divides  out.  and  solving  gives  i-l.5m 

EVALUATE:  Friction  does  negative  work  and  thrs  reduces  her  kinetic  energy. 
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6.86. 


6-87. 


6.88. 


6.89. 


6.90. 


IDEN  tin : Pm  - Ftvm  . Use  /*  - ma  to  calculate  the  force. 

_ . , 0-t  6.00  m s 

SETUP:  v 3.00  mi 


v - v,  6.00  mb 

EXECUTE:  Your  friend's  average  acceleration  is  a 2.00  m s' . Since  there  arc  no  other 

* / 3.00  s 


horizontal  forces  acting,  the  force  you  exert  on  her  is  given  by  Fm  - ma  - (65.0  kgX2.00  m'iJ ) - 130  N . 

Pn  =(130  NM3.00  m s)  - 390  W . 

Evaluate:  We  could  also  use  the  work -energy  theorem  W - K,  - K - 1(65.0  kg  M 6 00  m s)*  —11 70  J . 

P - — I 3%  W . th:  same  as  obtaircd  bv  our  oth:r  approach. 

" r 3.00  s * 

IDE\ tin  : To  lift  a miss  m a height  h requires  work  W - mgh  . To  accelerate  mass  m from  rest  to  speed  v requires 


AJV 

H'  = K,  -AT,  = •on'1 . P„  - — 

Set  L'p:  t - 60  % 

EXECUTE:  (u)  <MK>kg»9.80mV><l4.<)m)-l.l0«10'  J 
(b)  (1i'2HHO0kgMI80 m s'>- 1.30<  10'  I. 

1. 10x10*  J »1.30«10t  J 


IO 


I.  Vs 


GO* 


Evaluate:  Approximately  the  same  amount  of  work  is  required  to  lift  the  water  against  gravity  as  to  accelerate  it 
to  its  final  speed. 

iDCVim : P - fjv  and  Ft  = ma  . 


Set  L’P:  From  Problem  6.7 1.  v- 2ai  -t  3/fc;  and  a - la -t  6 fit  . 

Execute:  P - Fp-mav  - mi2a+6pm2at  + 2tk’)  = m(4a'rt  UCa/fT  - |8/>V>. 

P - (0.96  N'nV  ■» (0.43  N/*V  + (0.043  N *V  . Al  f - 4.00  ».  the  power  cmlpul  U 1 3.5  W. 

Evaluate:  P increases  in  time  because  v increase  and  because  a increases. 

Idi.n  I1FV  and  S*:r  L’P:  Energy  is  Pi.  The  total  energy  expanded  in  »>nc  day  is  the  sum  of  the  energy  expended  in 


each  type  of  activity. 

EXECUTE:  1 day  - 8.64  x 10*  % 

Let  t,Jk  be  the  time  she  spends  walking  and  be  the  time  she  spends  in  other  activities:  f-W4  - 8.64  x 104 

The  energy  expended  in  each  activity  is  the  power  output  times  th:  time,  so 

A' - Pi  = (280  +(100  =1.1x10'  J 

(280  W*/#-4  + (100  \VK8.64x  104  s -t0dK)  = 1.1x10'  J 

(180  Wy#A4  = 2.36x10*  J 

(vUi  = 1 .3 1 x 1 OVs  = 2 18  min  = 3.6  h. 

Evaluate:  Her  av  erage  power  for  one  div  i*  (1.1  x 10  W[24][3600  sj)  = 127  W.  This  is  much  closer  to  her 
ICO  W rate  than  to  her  280  W rate,  so  most  of  her  day  is  spent  at  the  100  W rate. 
iDKVim  and  SET  L’P:  W - Pi 

EXECUTE:  (u)  The  hummingbird  produces  energy  at  a rate  of  0.7  lb  to  1.75  J's  At  10  beat*  s.  th:  bird  must 
expend  between  0.07  J beat  and  0.1 75  J best. 

(10  The  steady  output  of  th:  athlete  is  (500  W)  (70  kg>  = 7 W.  kg.  w hich  is  below  the  10  W.fcg  necessary  to  stay  akift 
Though  the  athlete  can  expend  1400  W/70  kg  - 20  W kg  for  shixt  periods  of  time,  no  human-powered  aircraft  could 
stay  aloft  for  very  long. 

EVALUATE:  Movies  of  early  attempts  at  human-powered  flight  bear  out  our  results. 

IDKMIFY  and  St:r  L'P:  Use  Eq.(6. 1 5).  The  work  done  on  the  water  by  gravity  is  mgh,  where  ft  = 170  m.  Solve  for 
the  maw  m of  water  for  1 .00  % and  then  calculate  the  volume  of  water  that  has  this  miss. 


6.91. 
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6.92- 


6.93. 


6.94. 


EXECUTE:  The  power  output  it  P,'  - 2000  MW  - 2Q0*  1 0V  W.  PM  - AlL.  and  92%  of  the  work  done  on  the  water 

by  gravity  ix  conv  erted  to  electrical  power  output.  so  xn  1 .00  t the  amount  of  weak  done  on  the  water  by  gravity  ix 
(|'^J2“l*.0*W,||s,  — 2|74||0*j 
0.92  0.92 

ft'  - mgfi,  to  the  mats  of  water  flowing  over  the  dam  xn  1 .00  s must  be 
W 2.174x10*  J 


vh  "(9.80  m s*  XI 70  ml 


30x10*  kg 


density - — » V - — - ' » ■ ■ ..30xlQ-  m\ 

V density  1.00x10*  kg  m' 

EVALUATE:  The  dim  is  1270  m long*  xo  this  volume  corresponds  to  about  a n<  flowing  over  each  1 m length  of 
the  dam.  a reasonable  amount 

iDEVnn  : P - — and  W - iiwr* . if  the  object  starts  from  rest,  a - and  x - x - f \dt . 

I dt  * 

SETUP:  if' 5 = if11.  J 

hpi 

EXECUTE:  (u)  The  power  P is  related  to  the  speed  by  Pi  - AT  - -w  , so  v - .i- — 


P 

2 7m 


% dv  d ilPt  IIP  d r 12 P 1 

— ^ J"  * ^ ~ V“  2j, 

c lip  c tip  2 
fc>  x — - j vdi  - A—\r  di=  -r  = 

J i m J l m 3 
EVALUATE:  v.  a.  and  v - x,  at  a particular  time  are  all  proportional  to  P'  * . The  resuh  xn  part  (b)  could  also  be 


obtaircd  from  P - /•Yand  a - Fin i . so  a 

vwi 

IDEs  I1FV  and  SET  UP:  for  part  (a)  calculate  in  from  th:  volume  of  blood  pumped  by  the  heart  in  one  day.  for 
part  <b)  use  W calculated  in  part  fa)  in  l:q.|6.1S). 

EXECUTE:  (a)  W - mg/i.  as  in  Example  6.1 1.  We  need  th:  mist  of  blood  lifted:  we  are  given  the  volume 
V ■<7500 L)  = 7.50  m*. 

m - density  x volume  - ( 1 .05  x 10*  kg.m'K“50  m')  = ?.875xlO'  kg 
Then  W - = 17.875x10*  kgH9.S0  ml1  *1.63  m)  = 1.26* 101  J. 

,ht  ^ 126*10',  - 1.46  W. 


M (24  h it  3600  s/h) 

EVALUATE:  Compared  to  light  bulbs  or  common  electrical  devices,  the  power  output  of  the  heart  is  rather  snsill. 
iDEMIfrY:  P - Fv  - Mav  . To  overcome  gravity  on  a slope  that  it  at  an  angle  a above  the  horizontal.  P - (3/#xina)i\ 

SET  Up:  1 MW  ^ 10*  W . I kN  - I0;  N . When  a is  small  tana  * xina . 

EXECUTE:  (u)  The  number  of  ears  ix  the  total  power  available  divided  by  the  power  needed  per  car. 

13.4x10*  W ___  _ 

- 177.  roundiiu!  down  to  the  nearest  integer. 

(2.8x10'  NX27  m 1 1 

(b)  To  federate  a total  mats  \t  at  an  federation  a and  speed  v,  th:  extra  power  ncc&d  « 3/dV.  To  climb  a hill  of 
ingle  a , the  extra  power  needed  is  (A/gsina)r.  This  will  be  nearly  the  tame  if  a - gxina;  if 
gxina  — gtana  - 0. 10  m s*,  the  power  rt  about  the  sime  ax  that  needed  to  accelerate  at  0.10  mV. 

(c>  P - (A/gsina)i-  . where  M is  the  total  mats  of  the  diesel  units. 

P-  (l.lOx  10"  kgM9.80mx*  X0.010H27  mb)  s 2.9  MW. 

(d)  The  power  available  to  the  cars  is  13.4  MW,  minus  th:  2.9  MW  needed  to  mnntain  th:  tpecd  of  the  diesel  units 

, 13.4x10*  W -2.9x|0"  W 

on  the  incline.  The  total  number  of  cars  is  then  - 36, 

(2.8x10*  N t-(8.2x  10  kgX9.80  ms*K0.010W27  m s) 


rounding  to  th:  nearcti  integer 
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6.95. 


6.96. 


6.97. 


6.98. 


EVALUATE:  For  a single  car.  .l/gxina  -(8.2xl04  kg *9.80  ms'XO.O 10)  -80x10'  N . which  is  over  twice  the 
2.8  kX  required  to  pull  the  car  at  27  m's  cm  level  tracks.  Even  a slope  as  gradual  as  1.0%  greatly  increases  the  power 
requirements.  i>r  for  constant  power  greatly  decreases  the  number  of  cart  that  can  he  pulled. 

IDENTIFY:  P - Fv . The  force  required  to  give  mass  m an  acceleratxm  a is  F - ma . For  an  incline  at  an  angle 

a above  the  horizontal,  the  component  of  my  down  the  incline  is  /wgxina  . 

SKI  L’P:  For  small  a . sin  a » tanr/  . 

Execute:  (a>  P9  = Fr= (S3*  10*  NX 45  nv’*> - 2.4  MW. 

<b>  /[  - wav  a (9.1x10*  kgHl  -S  m'«!  *45  m»>  - 61  MW. 

(c>  Approximating  sinr/.  by  tin*z.  and  using  the  component  of  gravity*  down  the  incline  as  wijxinn. 

P:  '-(9.1x10*  kgH9.S0 mf%: X0.01 5)(45  m's)  - 6.0  MW. 

Evaluate:  From  Problem  6.94.  wc  woukl  expect  that  a 0.15  mi's*  acceleration  and  a 1 .5%  slope  would  require  the 
same  power.  Wc  found  thxt  a 1 .5  m's*  acceleration  requires  ten  times  more  power  than  a 1.5%  slope,  which  is 
consistent. 

IDENTIFY : W - J Ftdx . and  F,  depends  on  both  r a ixl  v. 

SKI  Up:  In  each  case,  use  the  value  of  v that  apples  to  the  specified  path  j xdx  — ..  x*  . j x'dx  - ±xl 
EXECUTE:  (u)  Along  this  path,  y is  constant,  with  the  value  y - 3.00  m . 


W - ayj  xdx  - (2.50  X.m*'  X3.00  m>j  | - 15.0  J . since  v,  - Oand  x}  - 2.00  m . 

(h)  Since  the  force  has  no  r eompement.  no  work  is  done  moving  in  thev*  direct  ion. 

(c>  Along  this  path. y varies  with  position  along  the  path,  given  by  y - l.5.r.  so  F sa(l.5r)r  - 1 .5a.r*.  and 


•Sol  x'dx  - 1.5(2.50  N nT  l'  ~ ' - 10.0 1 

* V 1 


Evaluate:  The  force  depends  on  th:  position  of  the  i>b(ect  along  its  path 

IDF-YIIF^  and  SET  L‘P:  Use  I:q.(6. 18)  to  relate  the  forces  to  the  pawer  required.  The  air  resistance  force  is 
F - LCAp\\  where  C is  the  drag  coeftlcKnt. 

EXECUTE:  t u > P - FMy  with  F„  - F^  + Fm 
Fm  = irCApv*  = 4(1.01(0.463  m*HI2  kg/ro4)(12.0  in  *Y  = 40.0  N 
FrM  = ptn  = //,h«  = (0.0045X490  X -f  1 18  N)  « 2.74  N 
P = {F,4  + Fsm  )v  = (2.74  X + 40.0  N K 12.0  s)-  513  W' 

0»  Fm  ^ird/n*%  = 4(0.8SX0.366m'Kl^kgm*xl2.0mi,s)i=27.8N 
F^  - pxn  - ptw-  (0.0030X490  N-f  KS  N)  - 1 .73  N 
P-<Fm 4 -f  F„  )v  = (1 .73  N 27.8  NX  1 2.0  %)  = 354  W 


(c)  Fm  - -rCApi  2 ^ 4(0.88X0.366  m'  HI. 2 kg  m‘  X6.0  in  xF  - 6.96  N 
FtA  * P.n  - 173  N (unchanged) 

P = (Fu4  + F„  )v  = (1 .73  N + 6.96  N)(6.0  s>  = 52. 1 W 

Evaluate:  Since  F(  is  proportional  to  v~  and  P - Fv,  reducing  the  speed  greatly  reduces  the  pawer 
required. 


-1.68*  10*  X. 


Identify:  P-Fy 
SETUP:  1 ms  = 3.6  kmh 

Execute:  * 

v (60.0  kmhx<  1 mx)<3.6  km  h)) 

(b)  The  speed  is  lowered  by  a factor  of  one-half,  and  the  resisting  force  is  lowered  by  a farter  of  (0.65  + 0.35.'  4). 
and  so  the  power  at  the  low  er  speed  is  (28.0  kW)(0.50X0.65+  0354)  = 10  3 kW  = 13.8  hp. 

(c)  Similarly,  at  the  higher  speed.  (28.0  kWX2.0X0.65r  0.35*4)-  1 14.8 kW  - 154  hp. 

Evaluate:  At  low  sp^rds  rolling  friction  dominates  the  power  requireirent  but  at  high  speeds  air  resistance 

dominates. 
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6.99. 


6.11)0. 


IDENTIFY  and  SET  UP:  Use  l:q.(6. IK)  to  relate  /•*  and  P In  part  <ah  F is  the  retarding  force.  In  parts  (b>  and  (ck 
F includes  gravity. 

Execute:  (u)  P - Fv,  so  F - P/v. 

P - (8.00  hp)  I - 5%H  w 


>•-(60.0  kmhi 


i hP  ; 

1000  m 
l km 


V.n  . 


= 16.67  m s 


F-f.iSS2L.MiiL 

v 16.67  m's 


(b)  The  power  required  is  the  8.00  hp  of  part  (a)  plus  the  power  /'  required  to  lift  the  car  against  gravity.  Th: 
situation  k sketched  in  Figure  6.99. 


10  m 

Lana 0.10 


10 


W m 


5.71 


The  vertical  component  of  the  velocity  of  the  car  is  vuna  - (16.67  nvs)sin5.7l*  - 1.658  m' s. 
Then  P,  = F(vsiiuv)  = mgvsina  - (1800  kgH9.80  m,,*J)fl  658  mts)  = 2.92*  104  W 
hp 


P = 2.92*  IQ*  W 


= 39.1  hp 


746  W 

The  total  power  required  is  8.00  hp  -t  39. 1 hp  - 47.1  hp. 

(c)  The  power  required  from  the  engine  is  reduced  by  the  rate  at  which  gravity  does  positive  work.  The  road  inrline 
ingle  a is  given  by  tana  - 0.0100.  so  a - 0.5729°. 

P -*S(i  «no)-(IS00ksM9.S0mS,MI6.67m'iUin0.S72»’^2.^4*10‘  \V  =3.94  Kp. 

The  power  required  from  th:  engine  is  then  8.00  hp  - .1.94  hp  - 4.06  hp. 

(d)  No  power  is  needed  from  the  engine  if  gravity  docs  work  at  the  rate  of  /£  - 8.00  hp  - 5968  W 

P.  5968  W 


r - fltgvsma.  so  sina  — 


- 0.02030 


mgv  1 1800  kgX9.AU  m s*  XI  6.67  m s) 
a = 1.163°  and  tana  = 0.0203.  a 2.03%  grad: 

EVAlilATE:  Mixe  power  is  required  'then  the  car  gees  uphill  and  less  when  it  goes  downhill.  In  part  (d).  at  this  angle 
the  compcocnt  of  gravity  down  the  incline  « mgsina  - 358  N and  this  force  cancels  the  retarding  force  and  no  force 
from  the  engine  is  required.  The  retarding  force  depends  on  the  speed  so  it  is  th:  same  m ports  (ak  (b).  and  (c). 

IDENTIFY:  Apply  IFm  - K.  - to  relate  the  initial  speed  v,  lo  the  distance  .r  along  the  plank  that  the  box  moves 
before  coming  to  res*. 

SET  L’P:  The  component  of  weight  down  the  incline  rs  mg' sin  a . the  normal  fcece  is  mgca%ct  and  the  friction  force 
is  / = /ungeosa . 


EXECUTE:  AK  = 0--m>^  and  IF  - [(-mgsana  - ft/ngca%a)dx.  Then. 


F = -mg J (sin  a -t  At  cos  a \ii.  W - -mg|  sin  ax 


Ax' 


Set  IF  - AK  : —Imp*  - -wg|  sin  axi  -1^-cos  a 


To  eliminate  r.  note  tmt  th:  box  comes  to  a rest  when  the  force  of 
static  fraction  balances  the  component  of  the  weight  directed  Anvn  the  plane.  So.  mg  sin  a - Ax  mg  cos  a . Solve  this  for 


v oral  substitute  into  the  previous  equation:  x 


sin  a _ I » 

+ g 

A cos  a 2 


Kina 


sill  a 


1 f sin  a V 

-A\ ! cm  <i  . 

2 \ Accua  ) j 


mil 


upon  canceling  factors  and  collecting  terms,  v'  *’  — — The  box  will  remain  stationary  whenever  v‘  ^ ■ — — 


,1  cos  a 
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6.101. 


6.102. 


6.103. 


Evaluate:  If  v„  is  !ix»  small  the  box  slops  at  a point  where  the  friction  force  is  too  simll  to  hold  th:  box  m place, 
sina  increases  and  cosa  decreases  as  a increases,  so  the  v0  required  increases  as  a increases. 

Identify:  In  put  (a)  follow  tb:  steps outlircd  in  the  problem.  For  parts  (b).  (c)  aixl  idt  apply  the  wocfc*encrgy  tbrorem. 
Sir  I p:  j.v'rfv  = i«‘ 

Execute:  (u)  Denote  the  position  of  a pocce  of  the  spring  by  /;  / - 0 is  the  fixed  point  aixl  / - /.  is  the  nxivsig  end  t»f 
the  spring.  Then  the  velocity  of  the  point  corresponding  to  l,  denoted  ir.  is  u(/)  = ><  17. 1 (when  the  spring  is  moving.  / 
will  he  a fuixtion  of  tine,  aixl  so  u is  an  implicit  function  of  time).  The  mass  of  a piece  of  Vmgth  di  rs  dm  - (A iiL  )dl . 

**1  » JK  - hdmw‘  - ui*J  K - f JK  - — f ‘ r-dl  - 

2 2 7T  I 2L  J<  6 

(h)  irkx'  -inn-1.  «i  i = J(tm)r  - ^ 3200  N mVlOOSJ  kg)(250» 10  1 m|-6.1  ms. 

(c)  With  the  mass  of  the  spring  included,  the  work  that  the  spring  does  goes  into  the  kinetic  energies  of  both  the  ball 
and  the  spang.  so-Av*  - imr:  +LMv3.  Solving  for  r. 


(3200  N:  mi 


m - M 3 ^(0.053  kg) -t  <0.243  kg>  3 


( 2.50  x 10  ’m)-  3.9  m s. 


id)  Algebraically.  Imv*  - ■ :1  2'X'  0.40  J and  i \fv:  ^ — — — 0.60  J. 

2 (l  + .M’Jm)  6 (l  + 3mU/) 

Evaluate:  For  this  hall  and  spring.  ■ — — - — = 3|  1 - 0.65  . The  percentage  of  the  final  kinetic  enemy 

^ 3/  \ 0.243  kg  J 

that  ends  up  w*ith  each  object  depends  on  the  ratio  of  the  masses  of  the  two  objects.  As  expected,  when  the  mass  of  the 
spnng  is  a small  fraction  of  the  nuss  of  the  ball,  tb:  fraction  of  the  kinetic  energy  that  ends  up  in  the  spang  is  small. 
Identify:  In  both  cases,  a given  amount  of  fuel  represents  a given  anxiunt  of  work  W,  tlut  the  engine  decs  in 
moving  the  plane  forward  against  the  resisting  force.  Write  Wv  in  terms  of  the  range  R and  speed  v and  in  tcims  of  the 
time  of  flight  T and  »•. 

SET  UP:  In  both  eases  assume  v is  constant,  so  IF,  - RF  and  R = vT  . 

Execute:  In  terms  of  the  range  R and  the  constant  speed  v.  W - RF  - r{o\*  + !L ; 


In  terms  of  the  time  of  flighl  T%R  - vf.  so  W - vTF  - 


(a)  Rather  than  solve  fee  R as  a function  of  v.  dilTerentiate  the  first  of  these  relations  with  respect  to  v,  setting 
dH\  . dR  dF  dR  dF 

— - - 0 to  obtain  — F r R 0.  For  the  maximum  range.  — - 0.  so 0.  Ptef  finning  the  differentiation. 

dv  dv  dv  ~ dv  dv 

dF  s 

lav  - 2 fit v - 0.  which  is  solved  Uk 

dv 


» - — 


0'l*  ( 3.S  x !0'  N • mV*1  V" 
0.30  i 


- 32.9  ml-  1 18  km  h. 


(b)  Similarly,  the  maximum  time  is  found  by  setting  — (Fv)  - 0:  performing  the  differentiation.  W — B'v’  - 0 . 

dv 


rJL 

3a 


3.5x10'  NmVV4 
3<0.30X  s*  m*> 


25  m s - 90  ktnh. 


> 


Evaluate:  When  V - t [fllaf  4 , Fml  has  its  minimum  value  Fmt  - lyjafl  . For  this  v.  R - (0.50) — —and 


7]  - (0.50)a  ‘ V/*4.  When  f.,  - 2.3^^ . For  this  vf  ft,  s (0.43)--!-  and  F =(0.57)r/  */i  l4. 

ft  >tf.and  IJ  > Tt , as  they  should  be. 

IDF.MIFN : For  each  speed,  calculate  the  time.  Then  use  the  graph  to  And  the  oxygen  consumption  aixl  from  that  the 
energy  consumption 
SETUP:  t - d\ 
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Execute:  (u)  The  walk  w ill  lake  one-fifth  of  an  hour.  12  min.  From  the  graph,  the  oxygen  consumption  rale 
appear*  lo  be  about  12  cmJ>kg  • min.  and  *o  Ihe  total  energy  is 

<12  crn.kg  min)  (70 kg)< 1 2 mm)  (20  J em')  - 2.0x  101  J. 

<b)  The  run  will  take  6 min.  Using  an  estimation  of  the  rate  from  the  graph  of  abnut  3.1  cm  .'kg  • nun  give*  an  energy 
consumption  of  about  2.8x10*  J. 

(c)  The  run  takes  4 mm.  and  with  an  estimated  rate  of  abnut  50  cm\'kg  • min.  the  energy  used  is  about  2.8  x 10'  J. 

(d)  Walking  is  the  most  efficient  way  to  go.  In  general,  th:  point  where  the  *k>pc  of  the  line  from  the  origin  to  the 
poant  ixi  the  graph  is  the  smallest  i*  the  most  etVieient  speed:  about  5 km  h 

Evaluate:  In  an  exercise  program,  for  a fixed  distance,  running  burn*  more  energy  than  walking. 

6.104.  iDLMltY:  Write  equations  similar  to  (6.1 1 ) (ix  each  component.  Ivq.(6.l2)  will  now  involve  the  sum  of  three 
integrals,  one  for  each  component 
Set  Up:  r‘  = ij  ■*  v)  if 

Execute:  From  F - mtf.  /•'  -ma  ,Ff  - rrxj  and  F - uia  . Tlie  generalization  of  liq.  (6.11)  is  then 


a\ 


.‘i 


.‘i 


. *T  - V 

d.x  ' ' 


Tb:  total  work  is  then 


EVALUATE:  F and  dl  are  vectors  and  have  ccxnponcnt*.  IF  and  A'  arc  scalars  and  we  never  speak  of  their 

components. 


Potential  Energy  and  Energy  Conservation 
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Identify:  - mgy  so  - «i#(  v\  - v, ) 

SET  IP:  +y  is  upward 

Execute:  (u>  Af  *(75  kgX9.K0mV'K2400m-l500  m|  = *fi.6*IO'  J 
(b)  A!/  = |75  ItgM^.KO  mV'XUSO  m- 2400  m)= -7.7*10'  I 
EVALUATE:  increases  when  th:  altitude  of  the  object  increase*. 

IDENTITY:  Apply  y F - ma  to  the  sack  to  find  the  force.  W - Fxco*+ . 

SET  I P:  The  lifting  face  acts  in  the  same  direction  as  the  Kick's  motion,  so  ^ - 0° 

EXECUTE:  <a>  For  constant  speed,  the  net  force  is  zero,  so  the  required  force  is  the  sack's  weight. 

(5.(0  kg)9.S0  m's3 ) ^ 49.0  N. 

(h)  W - (49.0  N)  <15.0  m)  - 735  J . This  work  becomes  potcntnl  crx*rgy. 

EVALUATE:  The  results  are  independent  of  the  speed. 

IDENTITY : Use  the  free-body  diagram  for  the  tug  and  Newton's  first  law  to  find  the  force  th:  worker  apples. 
Since  the  bag  starts  and  ends  at  rest.  K1  - Kt  » 0 and  ii\4  » 0 . 

SET  t P:  A sketch  show  ing  the  initial  and  final  rxtsinoret  of  the  bag  is  given  in  figure  7.3a.  sind>  - - — — and 

3.5  m 

0 - ^4.85°  . The  free-body  diagram  is  green  in  figure  7.3b.  F is  the  horizontal  face  applied  by  the  worker.  In  the 
cakuhtion  of  take  +r  upward  and  y - 0 at  the  imtial  position  of  the  bag. 

EXECUTE:  (u)  - Ogives  T cosd  - m%  and  y - Ogives  F - 7*sinp.  Combining  these  equations  to 

eliminate  T gives  /*  - w#tan£  -(120  kg  #9.80  m's: ) tan  54.85°  - 820  N . 

(b)(i)  The  tension  in  the  rope  is  radial  and  the  diiqilaccmcnt  is  tangential  so  there  is  no  conpomnt  of  T in  the 
direction  of  the  displacement  during  th:  motion  and  the  tension  in  th:  rope  does  no  work.  <ii)  Hru  - 0 so 
■Cr_i-6'r_,  - mg( i'.  - J',)  =(120 kg«9.H0  nrt'XO.6277  m>  = 740 J . 

EVALUATE:  The  force  applied  by  the  worker  vanes  during  th:  motion  of  the  bag  and  it  would  be  diffcult  to 
cakuhte  If'  ^ directly. 


CL6277  in 


lien  re  7J 

7.4.  IDEN  NTY:  Only  gravity  docs  wak  on  him  from  the  posit  where  he  lias  just  left  the  board  until  just  before  he 
enters  the  water,  so  Eq.(7.4)  applies 

SET  I.  P:  Let  point  I be  just  after  he  kavc*  tlie  board  and  point  2 be  just  before  lie  enters  the  water,  ty  is  upward 

and  v - Oat  the  water. 
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KXIXITI.:  (a)  A',  - 0 . y,  - 0 y,  - 3.25  m A',  * L\, , - A. » Ut_tl  give  V,.. , - A\  and  m»',  = 4-mv; . 
v,  = figy,  =JX9.mmt1H32S  m)-  7.9S  mb  . 

<b»  v,  = 2.50  mb . >\  - 0 . v,  = 3.25  m A',  Uft  , - A.  and  Lm\  - - mgi,  - 4«>J . 
v>  ; V1’  * -S'i  - ,/<-  S°  mb)1  * 2<9.SO  mb'  M3.25  m)  = K.JA  mb . 

(c)  v,  — 2.5  msaixl  t\  = 8.36  mi's  , the  urac  as  in  part  (b). 

EVALUATE:  Kinetic  energy  depends  only  on  Ihc  speed.  not  on  Ihc  direction  of  the  velocity. 

7.5.  I NOTIFY  and  S»:  r U P:  Use  energy  methods. 

Solve  tor  A.  and  then  use  AT,  - yiirvj  lo  obtain  v\. 

- 0 (The  only  fccce  on  th: 
hall  while  it  k in  the  air  is  gravity.) 

A',  -yiwr,’:  A\-r«n; 

v,  -22.0m 

Us  - mg}\ , * 0.  since  y}  * 0 
for  our  choice  of  coordinates. 

f i|»urc  7.5 

Execute:  Inn* ♦ - Tm'i 

Vj  - * 2gr,  - 7' 12  0 mll'  * 2(9. SO  mb’ x 22.0  m)  - 24.0  mb 

EVALUATE:  The  projection  angle  of  53. 1 ° divsn’t  enter  inlo  the  calculation  The  kinetic  cixrgy  depends  only  on 
the  magnitude  of  the  velocity;  it  is  independent  of  Ihc  direction  of  the  velocity. 

<b)  Nothing  changes  in  the  calculation.  Th:  expression  derived  in  part  (a)  for  »*3  is  independent  of  the  angle,  so 
v2  - 24.0  m s.  the  ume  as  in  part  (a). 

(c)  The  ball  travels  a shorter  distance  in  part  (bh  so  in  that  case  air  resistance  will  have  less  c fleet. 

7.6.  IDEMUY:  The  norirnl  force  docs  no  work,  so  only  gravity  does  work  and  Eq.(7.4)  appl*^. 

SET  IP:  A*  - 0 . The  crate’s  initial  point  is  at  a vertical  height  of  t/sina  above  th:  bottom  of  the  ramp. 

Execute:  (u)  y>  -0.  y,  -d  sin  a.  A',  ~ A'3  +UPII<  give*  U*0  , - A',,  mgdma  - rwi;’  and 

v>  - j2^J  sin  r/. 

<b)  y,  - 0 , )\  = -diina . A', -t  A\  r L\u,s  gives  0 » it*  ■*  1/^ . +(-<ngrf»na)and 

V*  - ^Igdsina  , the  same  as  in  part  <a). 

(c)  The  normal  force  is  perpendicular  to  the  displacement  and  dees  rei  work. 

EVALUATE:  When  we  use  - mgy  we  can  take  any  point  as  y - 0 hut  we  must  take  *y  to  be  upward 

7.7.  IDI-N  nFV:  Apply  E4<7.7)  to  points  2 and  3.  Take  results  from  Example  7.6.  = -/*,  the  week  done  by  friction. 

SET  I P:  As  in  Example  7.6.  A\  = 0.  Us  - J.  and  U>  ^ 0. 

EXECUTE:  The  work  dooc  by  friction  is  -(35  N> (1.6  m)-  -56  J . A,  - 38  J.  and  v»  = _ 2.5  m * 

EVALUATE:  The  value  of  v,  we  obtained  is  th:  same  as  calculated  in  Example  7.6.  Tor  the  motion  from  point  2 lo 
pornt  3.  gravity  docs  positive  work,  friction  docs  negative  work  and  the  net  work  is  positive. 

7.8.  Idem  im  and  SET  up:  Apply  Eq.(7.7)  and  consider  how*  each  term  depends  on  the  mass. 

Execute:  The  Speed  is  v and  the  kinetic  energy  is  4A'.  The  work  done  by  friction  is  proportional  to  the  normal 
force,  and  hence  to  the  mass,  and  so  each  term  in  Eq.  (7.7)  is  proportional  to  the  total  mass  of  the  crate,  aixi  the 
speed  at  the  bottom  is  the  same  for  any  mass.  The  kinetic  energy  is  proportional  to  the  mass,  and  for  the  same 
speed  but  four  times  the  mass,  the  kinetic  energy  is  quadrupled. 

Evaluate:  The  same  result  is  obtained  if  we  apply  - nta  to  the  motion.  Each  fcece  is  proportional  tom 
and  m div  ides  out.  so  a is  independent  of  m. 
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7.9.  iDf.MIFY:  W\4  - K t.  The  forces  on  the  rock  an:  gravity.  tbc  nor  mil  force  ami  frxlion. 

Si:r  I P:  Lei  y - Oal  poant  B and  let  -fy  he  upward,  y M - R - 0.50  m . The  work  done  by  fricticei  u negative: 
W(  - -0.22  J . K t - 0 . The  tree-body  diagram  for  Ihc  rock  at  poant  B is  given  in  Figure  7.9.  The  acceleration  of 
the  rock  at  this  point  is  atat  - v“ R . upward 

Execute:  (u) (i)  He  mirmal  force  is  perpendicular  to  th:  displaccnxnt  and  does  zero  work. 

<">  , -t'U.  ““UP'.  =(0.20  kBX9.80  mi* M0. 50  m)  = 0.9X  i . 

<b>  H'  - »’  W,  r H'  - 0 * 1-0.22  J>  •.  0.98  J- 0.761.  )!'  - K,  - K . gives  -bv'  - »’  . 


E-  /££2^7T=  , s 

V m V 0.20  kg 


(c)  Gravity  is  constant  and  equal  to  mg’,  n is  not  constant:  it  is  zero  at  A and  not  zero  at  B.  Tlvrcfore,  /t  - jiKn  is 
also  not  constant. 

(d)  f - /tw  applied  lo  Figure  7.9  gives  n - mg  - • 

Evaluate:  In  the  absence  of  friction,  the  speed  of  the  rock  at  point  B would  be  JlgR  - 3. 1 m s . As  the  rock 
slides  through  poant  B . th:  normal  force  is  greater  than  the  weight  mg  - 2.0  N of  the  rock. 


7.10. 


7.11. 


7.12. 


Figure  7.9 


IDIMIIY:  Only  gravity  does  work,  so  Ixp<7.4)  applies. 

SET  I P:  Let  poant  1 be  just  after  the  rock  leaves  the  thrower  and  point  2 be  at  the  maximum  height.  Let 
yx  - 0 and  +y  be  upward,  v,  - \\, . At  the  highest  point.  = i’<.cos0 . unTlt  cos'  O - I . 


fr»  = 


r.'sit; 


was  to 


be  shown. 

Evaluate:  The  initial  kinetic  cnrrgy  is  independent  of  the  angle  0but  Ihc  kinetic  energy  at  the  maximum 
height  depends  on  O . so  the  maximum  height  depends  on  0 . 

I DEMUX : Apply  Eq.<7.7)  lo  th:  motion  of  the  car 

S»:r  I P:  Take  y - 0 at  point  A.  Let  point  1 be  A and  point  2 he  B. 


A, +t/(+IF,*4  -A\-f6\ 

Execute:  L\  = a mg(2R)  ^ 28.224  A ^ wf 
K - iiwif  - 37.500  1.  K.  - - 3S4I)  1 

Tlie  week-energy  relation  then  gives  IF,  - Ks  + 6\  - A,  - -5400  J. 

Evaluate:  Friction  does  negative  work.  The  final  mechanical  energy  I A\  + CA  - 32.064  Jt  is  less  than  the 
initial  mechanical  energy  ( A,  -f  Lr,  - 37.500  ))  because  of  the  energy  removed  by  friction  work. 

IDIAIUY : Only  gravity  does  work,  so  apply  FUp<7.5|. 

Ski  IP:  v,  - 0 . no  iimf  - m*(v,  ->.) . 

Execute:  Tar/an  is  lower  than  hrs  original  height  by  a distamc  y,  - I'j  - /(cos  30°  - cos45°)  so  his  speed  is 
v - yjlgHcm  307  - cos  45°)  = 7.9  m/s.  a bit  quick  for  conversation. 

EVALUATE:  The  result  is  independent  of  Tar/an's  mass. 


?»4  Chapter  7 
7.13. 


\\  - (8.00  m)siD36.9c> 
- 4.80  m 


I igurr  7. 1 3 a 

(a)  IDENTIFY  and  SET  IP:  /’  is  constant  so  Ivq.(6.2|  can  he  used.  The  situation  is  skdehed  in  Figure  7.13a. 

Execute:  w,  ^(f,cos^=(ll0N)<ce»()ox*.00ni>*880  j 

Evaluate:  F is  in  Ibe  direction  of  the  displacement  and  does  positive  work. 

( It  > IDENTIFY  and  SET  IP:  Calculate  IF  using  Eq.(6.2)  but  first  must  calculate  the  friction  force.  Use  the  free- 
body  diagram  for  the  oven  sketched  in  Figure  7.13b  to  calculate  the  normal  force  n\  then  th:  friction  force  can  he 
cakruiitcd  from  f.  - un.  For  this  calculation  use  coordinates  parallel  and  perpendicular  to  the  incline. 


Execute:  =mat 

it-  mg  cos  36.9°-  0 
it  - mg cos36.9° 

A = A"  “ f\*»gco%y6.9* 

A - 1 0.25 K10.0  kuX9.80  m s*  )cos36. 


Figure  7.13b 

W(  ^ ( /k  cosdl  < = (19.6  N Keew  1 80°)(8.00  m > = - 1 57  J 

EVALUATE:  Friction  does  negative  work. 

fc)  Identify  and  Set  l p:  V - mg}%  take  v - 0 at  the  bottom  of  the  ramp. 
Execute:  All  - b\  - U,  - n«(y,  - y, ) - (10.0  kg H9.S0  n»VH4  K0  m - 0>  - 470  J 
EVALUATE:  The  object  moves  upward  and  U increases. 

(d)  Identify  and  Set  i p:  Use  Eq.<7.7L  Solve  for  A A. 


- 19.6  N 


Execute:  A +U + 


AA^-A.-Lf-^+JF^ 

AA  = H'  -At/ 


-157  J - 723  i 


A6*  - 470  J 

Thus  AA  - 723  J - 470  J ^ 253  J . 


EVALUATE:  is  positive.  Sonx  of  goes  to  increasing  t.*and  the  rest  goes  to  increasing  A. 

(e)  IDENTIFY : Apply  to  th:  oven.  Solve  for  a and  then  use  a constant  acceleration  cquition  to 

cakulitc  vy 

SET  I P:  We  can  use  the  tree-body  diagram  that  is  in  part  |b|: 

Z/;. 

F - /k  - i?r#  sin  36.9°  - tj 

_ F- mi?  sin  36.9'  1 10  N - 19.6  N -t  lO  kg*9.80  m s*  >sin36.9*  , 

Execute:  u-  ± 3.1 6 m s* 

m 10.0  kg 

Setup:  »u»0,  o,  *3.l6m,i',  -*.oi)m  v-j,  =? 

yt-*L+ 2a 

Execute:  v,,  - j2o.  (*-».>  - ^2(3. l6m'V)(K.OO  ml  - 7. 1 1 mV 
Then  AJC  - K,  - K,  -.uiv?  =-(101)  kg»7.l  1 m»>;  - 253  ). 

EVALUATE:  This  agrees  with  the  result  calculated  in  part  tdl  using  energy  methods. 


1.16  mV 
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IDENTIFY:  Only  gravity  docs  week,  so  apply  Eq.(7.4).  Use  Yf  - ma  to  calculate  the  tension. 

SKI  IP:  Lei  y - Oat  the  bottom  of  the  arc.  I.ct  poant  1 be  when  the  string  nukes  a 45*  angle  with  the  vertical  and 
po«m  2 be  w here  the  string  is  vertical.  The  rock  move*  in  an  arc  of  a circle,  so  it  has  radial  acceptation  atal  - 
Execute:  (u)  At  th:  top  of  the  sw  ing,  when  the  kinetic  energy  is  zero,  the  potential  energy  (with  respect  to  the 
bottom  of  the  circular  arc  t is  l - cos  0),  where  / is  the  length  of  the  string  and  0 is  the  angle  the  string  nukes 
with  tie  vertical.  At  the  bottom  of  the  swing*  this  potential  energy  has  become  kinetic  energy*  so 
mg/(l - costfl  - ym»\  or  v - ^2gl{\  -cos#)  - ^2(9  80  nv's* ) (0  80 ml  (1- cos45°)  - 2. 1 m s . 

(b)  At  45°  from  th:  vertical,  th:  sfved  is  zero,  and  there  is  no  radial  acceleration:  the  tension  rs  equal  to  th:  radial 
component  of  the  weight,  or  mgeoiO  -(0.12  kg)  (9.80  m s' ) cos  45'  - 0.83  N. 

(c)  At  the  bottom  of  the  circle,  the  tcnsicoi  is  the  sum  of  the  weight  and  the  mass  litres  the  radial  acceleration. 

ni£  j I - mg(\  -f  2<1  - cat  45°»  =1.9  N 

EVALUATE:  Wlien  the  string  pusses  through  the  vertical,  the  tension  is  greater  than  the  weight  because  tb: 
acceleration  is  upward. 

I DIA  ii fy  : Apply  VA  - ±kx' . 

SET  I P:  kx  - F . so  U - ~Fx  .where  /*  rs  the  magnitude  of  fcccc  required  to  stretch  cc  compress  the  spring  a 

distance  v. 

Execute:  (u>  (l/2)(800  nmo.200  m>  - ko.o  j. 

(b)  The  potential  energy  is  proportional  to  the  square  of  the  compression  or  extension; 

(80.0  J)  ( 0.050  m/0.200  m - 5.0  J 


KV'Al.l'ATE:  We  could  have  calculated  k 


> 200  m 


- 4000  N mand  then  used  U . - Ikx2  directly 


IDENTIFY:  Use  the  information  given  in  the  problem  with  F - kx to  find  X.  TTicn  Ud  - ^Xv*  . 

SKI  I P:  x is  th:  amount  the  spring  is  stretched.  When  the  weight  is  hung  from  the  spring*  F - mg  . 

Execute:  O-HUKMO-*)  =„>t 

a*  v 0.1340  m -0.1 200  m 


x = ±*  j— - - ±J  ^IQ  0 - r0.0952  m - ±9.52  cm  . The  spang  could  be  either  stretched  9.52  cm  or 

V x*  V 2205  N.‘m  1 6 

compressed  9.52  cm.  If  it  were  stretched,  the  total  length  of  the  spring  would  be  12.00  cm  + 9.52  cm  - 21 .52  cm 
If  it  were  compressed,  the  total  fcngth  of  the  spring  would  be  12.00  cm  -9.52  cm  - 2.48  cm  . 

Evaluate:  To  stretch  or  compress  the  qiring  9.52  cm  requires  a force  F - kt  - 210  N . 

Identify:  Apply  Ud  - 4Av* . 

SKI  l P:  t/#  - . x is  the  distance  the  spang  is  stretched  or  compressed. 

Execute  (■> (i)  »•  - 2., give*  i\  , - 4(^*rj ) - au,  . (U)  x=x,l2 give* 

(b)(i)  V - 2V,  give*  l and  v - ».V2  (ill  6’ - (/.V2  give*  ffa* -g^faj)and  x = x,t>J 2. 

EVALUATE:  V is  proportional  to  i1  and  x » proportional  to  \jU . 

Identify:  Apply  Eq.(7.l3). 

SET  I P:  Initially  and  at  the  highest  point*  v - 0.  so  A',  - A\  - 0 . W4m  - 0 . 

Execute:  (u)  In  going  from  rest  in  the  slingshot's  pocket  to  rest  at  the  maximum  height,  the  potcntul  erergy 
stored  in  the  ruhber  band  rs  cceivcrted  to  gravitational  potential  energy; 

U - oigt  - (10- 10  1 kgK9*0  n»‘*J)  (220  ml  - 2.16  J. 

(b)  Because  gravitational  potcntul  erergy  is  proportional  to  mass,  tlie  larger  pebble  rises  only  8.8  m. 

(c)  The  lack  of  air  resistance  and  no  deformation  of  the  rubber  band  arc  two  possible  assumptions. 

EVALUATE:  The  potential  erergy  stored  in  the  rubber  band  &pcnds  on  A for  the  rubber  band  and  the  nuximum 
distance  it  is  stretched. 
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7.19.  iDI-MlfrY  and  SET  IP:  Use  energy  iiKtluxIs  There  arc  changes  in  both  clastic  and  gravitational  potential  energy; 
clastic:  (/-4-fcr,  gravitational:  U^mgy. 


EXECUTE: 


(.>  «,  * = }-=£ 22ii.Mtt2.-6Jl 

‘ \ * VK'OON'in 


3B 


(l>)  Points  1 and  2 in  the  motion  are  sketched  in  Figure  7.19. 


y v.  = ft 


Kt+  -K2+0\ 

WM  - 0 {Only  wed  is  that  dooc 
by  gravity  and  sprang  force) 
^(=0,  K1  =0 

y - 0 at  fmal  position  of  bonk 
V ^mg(h+d)%  L'-iU1 


0r«ljf(/j  + d>t0^4^' 

The  origiml  gravitational  potential  energy  of  the  system  is  converted  into  potential  energy  of  the  compressed 
spring. 

Ikd*  - mvd  ~ myh  - 0 


must  be  positive,  so  d - — I mg  + ♦ 2^mgA 


d^ 


((1.20  kgX9.K0  nvf) 


loIXi  N/m 

^<<1.20  kgX9.80  in  s*»3  -t-  2<I600  N mXl.20  kg*9.S0  m s'  XO.SO  m) 
d - 0.0074  m 1 0. 1087  m - 0. 12  m - 12  cm 


EVALUATE:  It  was  important  to  recogm/e  that  the  total  displacement  was  h + d:  gravity  continues  to  do  work  as 
the  book  moves  against  the  spring.  Also  note  thit  with  the  spring  confessed  0.12  m it  exerts  an  upward  force 
( 192  N)  greater  than  tb:  weight  of  the  book  ( 1 1.8  N).  The  book  will  he  accelerated  upward  from  this  position. 

7.20.  IDENTIFY:  Use  energy  methods.  There  an:  changes  in  both  clastic  and  grav  itational  potential  energy. 
s»:r  I P:  A',  + 6’,  t-  - K}  U3.  Points  I and  2 in  the  motion  arc  sketched  in  Figure  7.20. 


Tb:  spring  force  and  gravity  are  the 
only  forces  doang  work  on  the  cIkcsc. 
so  WM  -0  and  V =6^  +Ud. 


Execute:  C heese  released  from  rest  implies  A',  - 0. 

At  the  maximum  height  - 0 so  A.  -0. 

>-,  =0  implies  =0 

UIM  - ±h;  - 4(1 800  N.'mKO.  1 5 m)*'  - 20.25  J 

(llcrc  .r  refers  to  the  amount  the  spring  is  stretched  or  corrqiresscd  when  the  cheese  is  at  position  1;  it  is  not  the 
vcoordinatc  of  the  cheese  in  the  coordinate  system  shown  in  the  sketch.) 

u,-vla+v>^ 


*=  CD  » 


*"  - -Ti 


I ijjare  7.20 
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- mgy2,  wlxw  >\  is  the  bright  we  arc  solving  fee.  b\m  — 0 since  now  the  spring  is  no  longer  compressed 
Putting  all  this  into  A,  + Ut  + ^ = A,  -f  L\  give*  UiM  - Uy^ 

20.25  J 20.25  J 

v . Ij2m 

my r (1.20  kgH9.K0  m's*> 

EVAlii.\TC:  The  description  in  terms  of  energy  i*  very  simple:  the  elastic  potential  energy  originally  sieved  m the 
spring  is  converted  into  gravitational  potential  energy  of  the  system. 

7.21.  IMXT1FV:  Apply  Eq.(7.l3). 

SET  I P:  - 0 . A*  in  Example  7.7.  A,  ^ 0 and  b\  ^ 0.0250  J. 

EXECUTE:  For  v,  - 0.20  m/*.  A\  - 0.0010  J . V,  - 0.02 101- ,4v:.  and  x-±  p 1,02 1(1  Jl  _ ao.092 m.  The 

\)  5.00  N/m 

glider  has  this  speed  when  the  spring  is  stretched  0.092  m or  compressed  0.092  m. 

Evaluate:  Example  7.7  showed  that  v4  - 0.30  m s when  x - 0.0800  in  . As  x increases.  %\  decreases.  so  our 
result  of  \\  - 0.20  m's  at  x - 0.092  m is  consistent  with  the  result  in  the  example. 

7.22.  IDENTIFY  and  SET  IP:  Use  energy  nxtheds.  The  clastic  potential  energy  changes.  In  part  (a|  solve  for  K,  and 
from  this  obtain  ir  In  |xut  I b>  solve  for  U.  and  from  this  obtain  x. 

(a)  AT,  -f  (/,  t = K2+Us 

poant  I the  glider  is  at  iLs  initial  position.  where  .r,  - 0. 1(0  m and  v,  - 0 
poant  2:  the  glider  is  at  x - 0 

Execute:  A,  -0  (released  from  rest*.  A.  - Imv! 

Ut  - T£v,\  (A  - 0.  - 0 (only  the  spring  forve  daes  work) 

Thus  (The  initial  potential  energy  of  the  stretched  spring  is  converted  entirely  into  kinetic  energy  of 

the  glider.) 


ll,<0.100m)J5TON:m,0.5(HDm.* 

• \ m V 0 200  kg 


(h)  The  maximum  speed  occurs  at  v - 0.  so  the  same  equation  applies. 


Uxr^lmv; 


, - V \-  - 2.50  ny.  JoaOPkg  _ 0 .500 
VS.OONm 


EVALUATE:  Elastic  potential  energy  is  converted  into  kinetic  ecxrgy.  A larger  x,  gives  a larger  v\. 

7.23.  IDEMIPY:  Only  the  spring  docs  work  and  Eq.(7. 1 1 ) applies,  a - — . where  F is  the  force  the  spring  exerts 

m nt 

on  the  mass. 

SET  I P:  Let  poant  1 be  the  initial  position  of  the  mass  against  the  compressed  spring,  so  K - 0 and  V , - 1 1 .5  J . 
Let  poant  2 be  w here  the  mass  leaves  the  spring,  so  Ud3  - 0. 

Execute:  (■)  A',  - uM  - AT,  r give*  UM  = K, . *«..•?  = fV,  .ml  r,  = = ^0[’J  - J0!  "» * • 

K is  largest  when  &’4|  is  least  and  this  is  when  the  miss  leaves  th:  spring.  The  mass  achieves  iLs  maximum  speed  of 
3.03  m’s  as  it  leaves  the  spring  and  then  slides  along  the  surface  with  constant  speed. 

<b)  The  acceleration  is  greatest  when  the  force  on  the  mass  is  th:  greatest,  and  this  is  when  the  spring  has  its 
maximum  compression.  V , - ikx'  so  x - - I ~ — - - — i — — ■ -0.0959  m . The  minus  sign  indicates 

* * * v A V 2500  Nfai  * 

- , . kx  (2500  Mm# -0.0959  ml  rtC  n . . 

compression.  / ~-kx  = ma  and  a -- -95.9  m s*. 

' m 2.50  kg 

EV  ALUATE:  If  the  end  of  the  spring  is  displaced  to  the  left  when  the  sprmg  is  compressed,  then  u.  in  part  (b)  is  tc 
the  right,  and  vice  versa. 
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7.24. 


7.25. 


(a)  iDENTItY  and  Sl.l  IP:  Use  energy  methods.  Hoth  clastic  and  gravitational  potential  energy  changes.  Work  is 
dixie  by  friction. 

CTtoosc  point  I ax  in  Exarryilc  7.9  and  let  that  be  the  ongin.  so  y - 0.  Let  point  2 be  1 .00  in  below  point  1,  so 
>\  = - 1 .00  m. 

Exec  i te:  AT,  + L\  -f  --  Ki  ♦ b\ 

K - imif  = £|2000  lg)(2S  m %r  - 625,000  J.  U,  - 0 
- -/ |vj | - -117.000  Nil  1.00  ml  ^ -17.000  I 
K.  ^ img; 

U,  - ( 2000  kg)(9.S0  m%‘  X~  1 00  m)  r £(1 .4 1 x itf  K m)(  1.00  m)1 

V,  - -19.600  J -»  70.500  J = .50.900  J 
Tliui  625.000  J - 17.000  1 - imi  ? -»  50.900  J 


i’-  = 557.100 1 


(557.100  J| 


- 23.6 


2 COO  kg 

EVALUATE:  The  elevate*  stops  after  descending  3.(Xl  m.  After  descending  1.(10  m it  is  still  moving  but  his 
slowed  down 

(b)  I DF. Min  : Apply  Y /’’  - ma  to  th:  elevator.  We  know  the  forces  and  can  solve  for  a. 

SET  I P:  The  tree-body  diagram  for  th:  elevator  is  given  in  Figure  7.24. 

EXETITC:  Fm  - id , w here  J is  the 

distance  the  sprint!  is  corrprcsxcd 

f,+F^-mg=ma 
f.  -f  id  - mg  - mil 


f^-rU-mg  17.0X  X + (1.41  x 10*  N.'mK  1 X m) - (2000  kg»9S0  mV ) 69  ^ ^ 

«i  ” 2000  kg 

We  calculate  thit  a is  positive,  so  the  accclcraticei  is  upward. 

EVALUATE:  The  velocity  is  downward  and  the  acceleration  is  upward,  so  the  elevator  is  slowing  down  at  this 
poant.  Note  that  a = 7.1g;  this  is  unacceptably  high  for  an  elevator. 
iDEMin:  Apply  Eq.(7.l3)  and  F -nw. 

SET  IP:  «;4<f  = 0 . There  is  no  change  in  U%u, . K 0 . U3  ^ 0 

EXECUTE:  - ?mv]  • The  relnlicms  for  iw.  \\  y k and  x arc  kx'  - mi  ) and  kx  - Sutg. 

> j 

Dividing  the  first  equation  bv  the  second  gives  .r . and  substituting  this  into  the  second  gives  X*  - 25 

Sg 

5<ll6l>k^9S<lmVV-4.46..0-  N.m 
(2.50  m*)- 

,2.S°m',|-=o,28m 

5(9.80  mi*) 

EVALUATE:  Our  results  for  i and  x da  give  th:  required  valixs  for  a,  and  v, : 

kx  14.46x10' NVmHO.  1 28  m)  , , , c - . |T  , - 

a 49.2  ml  - S.Og  and  v - * /—  - 2.5  mi . 


1160  kg 
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7.26.  Identity:  W90k  -mgco%p. 

SET  I P:  When  lie  nwvcs  upward.  p - ISO'' and  when  be  moves  downward.  ^ - 0°  . When  he  move*  parallel  to 
the  ground.  # - 90' . 

Execute:  (u>  H'„.  - (75  kg *9.80  mV *7.0  m|co*180‘'- -5100 1 . 

<b>  H'...  " <75  kg>9.K0  mi1  X 7.0  mlcovfl1  = .5100  I . 

(c)  a - 90“  in  each  caic  and  - 1)  in  each  case. 

(cl)  The  local  woffc  done  on  him  by  gravity  during  Ihc  round  Ipp  is  -5 100  J -f  5 100 1 - 0 . 

(e>  Gravity  is  a conservative  force  since  tlx  total  work  done  for  a round  tnp  is  zero. 

EVALUATE:  The  gravity  force  is  independent  of  the  position  and  motxin  of  the  object.  W hen  the  object  moves 
upward  gravity  docs  negative  work  and  when  th:  object  moves  dow  nward  gravity  docs  positive  work. 

7.27.  Identity:  Apply  IT,  - faceup . f\-fiKn. 

SET  I P:  For  a circular  trip  the  distance  traveled  is  d - 2 xr  . At  each  point  in  the  motion  the  friction  fcccc  and  the 
displxcment  are  in  opjxisite  directions  and  p - 180' . Therefore,  = -/4J  — —fk(2jrr) . n - mg  so  j\  - . 

Execute:  (a)  <r,  - -^mglar  - -(0.250x10.0  kgX9.S0  nVs1  )( 2**200  m) - -308  J . 

<b)  The  distuixc  alone  the  path  doubles  so  th:  work  done  doubles  and  hcconxs  -616  J . 

<c)  The  work  done  for  a round  tnp  displacement  is  ixit  zero  and  friction  is  a nonconservative  force. 

Evaluate:  The  direction  of  the  frxlion  force  depends  on  the  direction  of  motion  of  the  c*>jcct  and  that  is  why 
friction  is  a nonccmscrvativc  force. 

7.28.  I DEN  I1TN  and  SET  I P:  The  force  is  not  constant  so  we  must  use  Iiq.|6. 14)  to  calculate  U'.  The  properties  of  work 
done  by  a conserv  ative  force  are  described  in  Section  7.3. 

Jf-J  F ,11.  F - -ai'i 

EXECUTE:  (u)  dt  - dyj  <.v  is  constant:  th:  dcsplacenxnt  is  in  the  -M* -direction  ) 

/•*  rf/  - 0 (since  i j-  0)  and  thus  H*  - 0. 

(b)  di  -dxi 

F M - < -ax*l ) • ( dxi ) - -ax'  dx 

H J ^ = ^ ((0.3°)  m>*  - (0.10  m)*)^ -0.10  i 

(c>  dl  - dxi  as  in  pan  | bk  but  now  .y,  - 0.30  m and  x1  - 0.10  m 

w = - a,1)  - -tO.  io  j 

(dl  Evaluate:  The  total  work  for  the  displacement  along  the  v-axis  from  0.10  m to  0.30  m and  then  back  to 
0.10  m is  the  sum  of  the  results  of  parts  l b)  and  (c).  which  is  txto.  The  total  work  is  zero  when  the  starting  and 
ending  points  are  the  same,  so  the  force  is  conservative. 

EXIXITE:  -*,*)  = T".;  - fail 

The  definition  of  the  potential  energy  function  is  IF.  ..  -L\  -C/j.  Comparison  of  the  two  expressions  fee  W*  gives 
U - - ax  . This  dees  correspceid  to  U - 0 w hen  x - 0. 

Evaluate:  In  part  la)  the  week  «kmc  is  zero  because  the  force  and  displacement  are  perpendicular.  In  port  (b) 
the  force  is  directed  opposite  to  the  displaccnxnt  and  the  work  done  is  negative  In  part  (c)  the  force  and 
displxcmcnt  are  in  the  sanx  direction  and  the  work  done  is  positive. 

7.29.  Identity:  Since  the  force  is  constant,  use  W - Fsca%p . 

SET  I P:  For  both  displaccnxnts.  the  direction  of  the  Inchon  force  is  opposite  to  the  displacement  and  p - ISO1 . 
Execute:  (u)  When  the  book  moves  to  the  left,  the  friction  force  is  to  the  nght.  and  the  work  is 
-(I.2NX3.0  ml  - -3.6  J. 

(h)  The  friction  force  rs  now*  to  the  left,  and  the  work  is  again  -3.6  J. 
it)  -72  J. 

(d)  The  net  work  done  by  friction  for  the  round  trip  is  not  zero,  and  friction  is  ixit  a conservative  force. 

Evaluate:  The  direction  of  the  fraction  force  depends  on  the  motion  of  the  object.  For  the  gravity  forec.  which 
is  conservative,  tlx  force  does  not  depend  on  tlx  motion  of  the  object. 
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7 JO. 


7-31. 


1 DI.VI  n\  and  SET  tP:  The  fnction  force  is  constant  during  each  displacement  and  l:q.(6.2|  can  he  used  to 
calculate  work,  but  the  direction  of  tlic  fnclion  force  can  be  different  for  different  displacement*. 

/ - - (OJ25K15  kgX9.K0  mxJ)  - 3.675  N;  direction  of  / is  opposite  to  tlx  motion. 

Execute:  (u)  The  path  of  the  book  is  sketched  in  Figure  7.30a. 


T Caikn 

V 

KV 

Figure  7.30a 


For  the  motion  from  you  to  Beth  the  friction  fcece  is  directed  opposite  to  the  displacement  t and 
«;  ^ -/T  - -<3.675  NH8  0 m)  - -29.4  J. 

For  the  motion  from  Beth  to  Carlos  tlx  friction  force  is  again  directed  opposite  to  tlx  drsplaccnxnt  and 
W1  - -29.4  J. 


<l»>  Tlie  path  of  the  bixik  is  sketched  in  Figure  7.30b. 


,v-^2(.S.O  m)'  -11..:  m 


/ is  opposite  lo  5.  so  -<3.675  N)<1 1.3  m>- -42  J 


(c> 


For  the  motion  from  you  to  Kim 


>*i  • # Kim 

» 

r 

Figure  7 JOc 


it 

W - -<3.675  NM8.0  m)  ^ -29.4  J 


\eu  $ 9 Kim 


i 

Figure  7.30d 


For  tlx  motion  from  Kim 
to  you 

IF  a -As -294  J 


The  total  wick  for  the  rourel  trip  ix  -29.4  J - 29.4  J - -59  J. 

<d>  Evaluate:  Part*  (a)  and  (b)  show  that  for  two  different  paths  between  you  and  Carlos,  the  vrork  dooc  by 
friction  is  ditTerent.  Part  (cl  shows  tliat  when  the  starting  and  ending  point*  are  the  same,  the  total  work  is  not  zero. 
Both  these  remits  show  that  lb:  friction  force  is  nonconscrvativc. 

Idem  in  : 71>c  work  don:  by  a spring  on  an  object  atuxhcd  to  it*  end  when  the  object  moves  from  .r.  to  x,  is 
IF  - 4 tv,2  --r-tv,*  . This  result  holds  for  any  x,  and  xf . 

SET  I P:  Assume  for  simplicity  that  x,  t x3  and  x,  arc  all  positive,  corresponding  to  the  spring  being  stretched. 
Exec  ute:  <u>  i *(*?-*£) 

< l»  > — 4^(X|*  - xj  y The  total  work  is  zero;  the  spring  force  is  conservative. 

(c)  From  r to  x,.  M*  - ~xf)-  From  to  x%.  IF  - -U(x(  -*}(.  The  ixt  work  is  -4A(xJ  -x This  is 

the  same  as  the  result  of  pari  (a). 

EV  ALUATE:  The  results  of  part  (c)  illustrate  that  tlx  work  done  by  a conservative  force  is  path  independent 
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7-32. 


7JX 


7.34. 


7.35. 


7-36. 


IDENTIFY  and  Jit: r IP:  Use  1^.(7. 1 7)  to  calculate  th:  force  fri>m  (/(a).  Use  coordinate*  where  the  origin  is  at 
one  atom.  The  other  atom  then  has  coordinate  a. 

Execute: 


dx  dx  x * dx  x 


Tlte  minus  sign  mean  that  F k directed  in  the  -xdireclnio.  toward  the  origin  The  foree  has  magnitude  6Cfc /a 
ind  is  attractive. 

EVALUATE:  U depends  only  on  .r  so  F is  along  the  x-axis;  it  has  noy  or  r components. 

Identify:  Apply  Eq.<7. 1 6). 

SET  I P:  The  sign  of  Ft  indicates  its  direction. 

Execute:  F,  - tax'  - -(4.8  J/mV  . F.  (-0.800  ml  - -(4.8  J.WM-fiKO  m)'  - 2.46  N.  The  force  u 

dx 

in  the  -tx-daroition. 

Evaluate:  Ft>  0 when  a < 0 and  Ft  < 0 when  v > 0 . so  the  force  is  always  directed  towards  tlte  origin. 

IDEYIIFY:  Apply  F(x)--  1 

dx 

di\ix)  I 


S»:r  ip: 


~ 


Execute:  " *Gm» 

dx 

is  toward  m. , so  the  force  is  attractive. 


The  force  on  m»  is  in  the  -a -direction  . Tins 


EVALUATE:  By  Newtons  3 law  the  force  on  die  to  m,  is  Gm/n^fx  . in  the  +a -direction  (toward  m.. ).  The 
gravitational  potential  energy  belongs  to  the  system  of  the  two  ma 

HJ  dV 

Identify:  Apply  F.  -- — and  F.  -- — 

cy 


Ship:  r-lf.v-'l". 


» 


~ 


inti 


ciUr) 


I777T- 


■ By  ‘l  -y  T777T 

|c)  /*  and  Ff  arc  negative.  F - ax  and  F - ay . where  ti  is  a constant,  so  F and  the  vector  r from  m to  m.  are 
in  the  same  direction.  Therefore,  F rs  directed  towani  at  the  origin  and  F is  attr&rlivc. 

a y 

EVALUATE:  If  0 is  the  angle  between  the  vector  r that  points  from  m to  ni, . then costf  and  — sin0  . This 

r r 

gives  Fk  - -Fco%0  and  F - -F’sin#  . our  more  usual  way  of  writing  th:  components  of  a vector. 

IDEV11FY:  Apply  Eq^7.IE). 

r _.  . . _ df  I'l  2 

Sir  lp: 


2 a I 

r 7 


Execute:  F Un«  (/hamor-dcpcndcncc.  -i — ai»d  11 

dx  i\  ‘ ' 

EVALUATE:  F.  and  i have  the  san>:  sign  and  /*  and  y have  the  same  sign.  When  x > 0 . Ft  is  in  the 

■f  a -direct  ion.  and  so  forth. 
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7J7. 


7.38. 


7.39. 


iDEYIin  and  SET  UP:  Use  Eq.(7.l7)  to  calculate  th:  force  from  V.  At  equilibrium  F - 0. 
(a)  Extent*:  The  graphs  are  sketched  in  Figure  7.37. 


dU 

(b|  Al  equilibrium  F - 0.  so 0 


r 

r =- 


i b 


T7  ? 

dV  1 12tf  6ft 


F-0  implies 


♦■12^  6ft 

T77”^ 


6ftr*  = 12*7;  solution  is  the  equilibrium  distance  r,  - (2u.'ft)‘ 

U is  a minimum  at  this  r the  equilibrium  is  stable. 

(c) At  r*(2a/ft>l'\  V -alr*-bft  =a{bf2a)' -ft(ft.'2a)  = -ft*.'4<i. 

At  r ->  *>,  U - 0.  The  energy  that  must  be  allied  is  -At/  - ft*' 4a. 

<d)  r«  *(2atb)ui  - 1.13x10  10  m gives  that 
20/6  = 2.082x10*  m‘  and  ft,'4<i  = 2.402 xlO*  m * 
b*  i* 4a  =ft<6/4o)«  1.54x10'**  J 

ft<  2.402  x 10**  m *)=  1.54x10'**  J and  ft  = 6.41  x 10'*  J m'\ 

Then  2o/6  = 2.082x10^  m*  gives  a -<6/21(2.082x10  m')  = 

i(6.41xl0*  J -ri*K2.082xI0'*  mV  6.67x10  *“  Jut11 

EVALl.\TE:  As  the  graphs  in  purt  l a I show.  F(r)  is  the  sk»pc  of  t/(r)  at  ca:h  r.  d/(r)  has  a minimum  where 
F = 0. 

IDLMIFY:  Apply  Lq.<7.l6). 

SET  I P:  is  the  slope  of  the  U versus  r graph. 


Execute:  I u > Considering  only  forces  in  the  .y  direction.  Ft  - and  so  the  force  is  zero  wbm  the  slope  of 

dr 

the  U w .v  graph  » zero,  at  poants  b and  d. 

(Hi  Point  ft  is  at  a potential  minimum,  to  mow  it  away  from  ft  would  require  an  irput  of  energy,  so  this  point  is 
stable. 

(c)  Moving  away  from  point  d involves  a decrease  of  potential  energy,  hence  an  increase  in  kmct>c  energy,  and  the 
marble  tends  to  move  further  away,  and  so  d is  an  unstable  point. 

EVALUATE:  At  point  ft.  Ft  is  negative  when  the  marble  is  displaced  slightly  to  the  right  aixl  Ft  is  positive  when 
the  marble  is  displaced  slightly  to  the  left,  the  force  is  a restoring  force,  and  th:  equilibrium  is  stable.  At  posit  d.  a 
small  displacerrcnt  in  either  direction  produces  a force  directed  away  from  d and  the  equilibrium  is  unstable. 
iDKVIin : Apply  Y F - ma  to  the  hag  and  lo  the  box.  Apply  Eq/7.7)  to  the  motion  of  the  system  of  the  box 
and  bucket  after  th:  bag  is  removed. 

SET  IP:  Let  y - Oat  the  final  height  of  the  bucket,  so  y,  - 2.00  m and  y\  - 0 . AT,  - 0 . The  box  and  the  bucket 


move  with  the  &imc  speed  i\  so  - 4<w|w*  + . 8^  = —fkd  . w ith  d - 2.00  m and  fk  - . 

Before  the  bag  is  removed,  the  maximum  possible  fricticoi  fccce  the  roof  can  exert  on  the  box  is 
(0.70011 80.0  kg  -t  500  kg)(9.80  m‘sJ)  = 892  N . This  is  larger  than  the  weight  of  the  bucket  (637  N),  so  before  the 
bag  is  removed  the  system  is  at  rest. 

EXECUTE:  (u|  The  friction  force  on  the  bag  of  gravel  is  zcn>.  since  there  rs  no  other  hcsi/ontal  force  on  the  tug 
for  friction  to  oppose.  The  static  friction  force  on  the  box  eqinls  the  weight  of  the  bucket.  637  N. 
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7.40. 


7.41. 


7.42. 


7.43. 


(b>  Eqi7.7)  gives  mx in*.  - f.d  - -Ur  V . with  r?,  - 1 45.0  kg  . v - Mg}\  - > . 


- ] : 1 <65.0  kgX^.HO  mfc'xioo  ml -(0.400X80.0  kgX9.80  mt%3X2M  m)  I . 

U 145.0  kgL  J 


v - 2 .99  mx  . 

EVAlilATE:  If  we  apply  Yf  - md  to  th:  ba\  and  to  the  bucket  we  can  calculate  th:ir  common  acceleration  a. 
Then  a constant  federation  equation  applied  to  either  object  gives  v - 2.99  m x . in  agreement  with  our  result 
nbtaiixd  using  energy  rrcthodx 

Ideviipy : Foe  the  system  of  two  blocks,  only  grav  ity  dies  week.  Apply  Eq.<  7.5 ). 

S»:r  I P:  Call  the  blocks  A and  li.  where  .1  is  th:  more  massive  one.  vAl  - vM  - 0 . Let  y - 0 for  each  block  to  be 
at  the  initial  height  of  that  block,  xo  yMk  - yM  - 0 . y£i  - -1.20  mand  - 1-1.20  m . vAi  - vks  - i\  - 3.00  m's  . 
Execute:  Eq.(7.5)  gives  0 -MmA  ♦ + £<1.20  milntj  -ni^) . mt+mM  - 15.0  kg  . 

r(lS.O  kg  X 3.00  mx)3  -t  <9.80  m.'s*)(l  .20  mill  5.0  kg  - 2m  <) . Solving  for  m«givcs  =10.4  kg  . And  then 
- 4.6  kg. 

Evaluate:  The  final  kinetic  energy  of  the  two  blocks  is  68  J.  The  potential  energy  of  block  A decreases  by  122  J. 
The  potential  energy  of  block  B increases  by  54  J.  The  total  decrease  in  potential  energy  is  122  J - 54  J - 68  J.  and 
this  equals  the  increase  in  kinetic  energy  of  th:  system. 
iDEVim  : Apply  Ki  + U{  + = k]  +U3 

Set  UP:  Ux  = L\  = = 0 . - W.  = with  v = 280  ft  - 85.3  m 

EXECUTE:  (u)  The  work -energy  expression  gives  yjnvf  -^mgs  - 0 . 
v,  - - 22.4  m’s  - 50  mph:  the  driver  was  speedings 

(b>  15  mph  over  speed  limit  so  SI  50  ticket. 

Evaluate:  The  ixgativc  work  dime  by  friction  removes  the  kincta:  energy  of  the  object. 

IDDOUY:  Apply  Eq.(7.l4). 

SET  I P:  Only  the  spring  force  and  gravity  do  work.  so  - 0 . Let  » - Oal  the  horizontal  surface. 

EXECUTE:  (u)  Equating  the  potential  energy  stores!  in  the  spring  to  the  block's  kinetic  energy,  - imi  ' . or 

Nm 


k 

v - — v - 


10.220  m>- 3 II  m s. 


2.00  kg 

|b>  Using  energv  methods  directive  th:  initial  potential  energy  of  the  spnng  equils  the  final  gravitational  potential 


energy.  4*Y*  - ffig/.sin/?.  or  /.  - 


-0.821  m. 


••<41X1  Nm  1(0.220  m>‘ 
mg smtf  " (2.1X1  kg*9.80  m s*  )xin37.0° 

E VALLATE:  The  total  energy  of  the  system  is  constant.  Initially  it  is  all  clastic  potential  energy  stored  in  the 
spnng.  then  it  is  all  kinetic  energy  and  finally  it  is  all  gravitational  potential  energy. 

Idevimy:  Use  the  work-energy  theorem.  Eq<7.7).  The  target  variable  //4  will  h:  a factor  in  the  work  done  by 
friction. 

SET  I P:  Let  point  I be  where  the  block  is  released  and  let  point  2 h:  where  the  block  stops,  as  shown  in 
Figure  7.43. 


f|- 


V, 


1 .00  in 


Work  is  done  on  the 
block  by  the  spring  and 
by  frxtion.  so  W<4r  - FF( 
md  V-UA. 


Figure  7.43 

Execute:  « AT,  - 0 

(J,  -4*1,'  -t(100  N.  mK0.20l)m|’  2.00  J 

U1  - 0.  since  after  the  block  leaves  th:  spring  has  given  up  all  its  stored  energy 

- IF.  - cos^kv  - ^mg(cosftv  - -^mg v.  since  $ - 1S0°  (The  friction  force  is  directed  opposite  to  the 

dixplfcmcnt  and  daes  negative  worts.  I 
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7.44. 


7.45. 


7.46. 


7.47. 


Putting  all  this  into  A'  + L\  + - A'»  +l/2  gives 


amg.v  = lf 


i .a 


- 0.4 1 


nt£.v  <0.50  kg)9.S0  m«s  X 1 .00  m> 

EVAUIATE:  L\u  + H\  - 0 says  that  the  potential  energy  originally  stored  in  the  spring  is  taken  out  of  the  system 

by  the  negative  work  done  by  friction. 

Iden  I1TY:  Apply  l-q.<7.14).  Calculate  fx  from  the  fact  thit  the  crate  slides  a distance  x - 5.60  m before  coming 
to  rest.  Then  apply  Eq.(7.l4)  again,  with  x - 2.00  m . 

SET  up:  L\  = b\t  - 360  J . £/,  * 0 . A,  - 0 . - -fkx . 

Execute:  Work  dooc  by  friction  against  the  crate  bangs  it  «o  a halt:  (/,  - . 

fx  - potential  energy  of  compressed  spring  . and  f - _ — - 64.29  N . 

5.60  m 

The  fnctHm  force  working  o\cr  a 2.00  m distance  does  work  equal  to  - J\x  - -(64.29  NK2.00  m)  - -128.6  J.  The 
kinetic  energy  of  tlx  crate  at  this  point  is  thus  360  J - 128.6  J - 231.4  J.  and  its  speed  is  found  from 


mi’-'  11  = 23 1.4  J . *o  v=  l2l2i14  Jl  = .1 .04  inn . 

\j  50.0  kg 

Evaluate:  The  energy  of  the  compressed  spring  goes  partly  into  kinetic  energy  of  the  crate  and  is  partly 
removed  by  the  negative  week  dnne  by  triction.  After  the  crate  leaves  the  spring  the  crate  slows  down  as  friction 
does  negative  work  on  it. 

IDSMIFY:  At  its  highest  point  between  bounces  all  the  mechanical  energy  of  the  hall  is  in  the  form  of 
gravitational  potential  energy. 

Set  UP:  £ - U - mgh . where  A is  the  height  at  the  highest  point  of  the  motion. 

EXECUTE:  (u>  mgh  -=<0.650  kgM9S0  m’s*)(2.S0  m)  - 15.9  J 

(H|  The  second  height  is  0.75(2.50  m)  - 1.875  m.  so  the  second  mgh  - 1 1.9  J ; it  loses  15.9  J - 1 1.9  J - 4.0  J on 
first  bounce.  This  energy  is  converted  »o  thermal  energy. 

(c>  The  third  height  is  0.75(1 .875  ml  - 1.40  m. . so  third  mgh  - 8.9  J ; it  loses  1 1.9  i -8.9  J - 3.0  J on  second 
bounce. 

EVALUATE:  In  each  bounce  the  ball  loses  25%  of  its  mechanical  energy. 

IDENTITY:  Apply  Lq.<7.14)  to  relate  A and  v#  . Apply  ^ A * - ffui  at  point  ti  to  find  tlx  minimum  speed  required 
it  B for  the  car  not  to  fall  off  the  track. 

SET  I.  P:  At  B.  a - »*j R . downward.  The  minimum  speed  is  when  n —>  0 and  mg  - mv* ! R . The  minimum 
speed  required  is  v,  = yfgR  . A,  - 0 and  11^  - 0 . 

EXECUTE:  (u)  Eq.(7. 14i  applied  to  points  A and  B gives  UA - *«»•;  . The  speed  at  the  top  must  be  at  least 
yjgR.  Thus,  mg{h-2R)>\-mgR,  or  h>^R. 

|h)  Apply  Eq.(7.14>  to  pointed  and  C.  UA  -L\  -(2.50)Rmg  - A, . so 

iV  ^ J(S.OO)gR  - J(5.00i<9.80  m*'K20.0  m)  ^31.3  mV 


Tlx  radial  acceleration  T - 49.0  mV  The  tangentul  direction  is  down,  the  normal  force  at  pain!  C is 

R 

hon/ontal.  there  is  no  friction,  so  the  only  downward  force  is  gravity,  and  - g - 9.80  m s*. 

Evaluate:  If  A > i R . tlxn  the  downward  acceleration  at  B due  to  the  circular  motion  is  greater  than  % and  the 


track  must  exert  a downward  normal  force  n.  n increases  as  h increases  and  hence  \\  increases. 

(a)  IDENTIFY:  Use  work -energy  relation  to  find  tlx  kinetic  energy  of  the  w«id  as  it  enters  tlx  rough  bottom. 
SET  UP:  Let  poant  1 be  where  the  p&cce  of  wood  is  rcVrased  and  point  2 be  just  before  it  enters  the  rough  bottom. 
Let  y - 0 b:  at  point  2. 


Execute:  L\  - A\  gives  Ks  - mgyt  - 78.4  J. 

IDENTITY:  Now  apply  work-energy  relation  to  the  motion  along  the  rough  bottom. 
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7.48. 


7.49. 


SET  IPs  Let  point  I be  where  it  enters  the  rough  hat  torn  and  point  2 be  where  it  stops. 

A',  + </,  -f  fr-U4  - A\  +L\ 


EXECUTE:  »'A%m  ^ w;  ^ -ft/w**.  K1  = b\  ^ U1  = 0;  A',  - 78.4  J 
78.4  J - Mim8*  - 0:  wiving  for  s gives  x - 20.0  m. 

The  wood  stops  alter  (rav'd mg  20.0  m along  the  rough  bottom. 

<b)  Friction  dees  -78.4  J of  work. 

Evaluate:  The  piece  of  wood  stops  before  it  nukes  one  trip  across  the  rough  bottom.  The  final  nKchanical 
energy  is  zero.  The  negative  friction  work  takes  away  all  the  nxchanical  energy  initially  in  the  system. 

IDEVTIFY:  Apply  Eq.<  7.141  to  the  reek.  - If  *.  . 

S»:r  IP:  Let  y - Oat  the  foot  of  the  hill,  so  b\  = Oand  b\  - mgh . where  h is  the  vertical  height  of  the  rock  above 
the  foot  of  the  hill  when  it  stops 

EXECUTE:  (a)  At  th:  maximum  height.  A.  - 0 . Eq.<7.!4)  gives  A^^  * W,  - L\ ^ . 


— ivj  - umgixyxOd  - mgh  • d - h/%inO%  so  — v [ - gco*B i?/j  . 

2 2 sin O 

1(1 5 m s)’  - <0.20X9.8  mb*  iUlll/i  - <9.8  m s'  16  and  h - 9.3  m . 

2 sin  40° 

(b)  Compare  maximum  statie  friction  force  to  the  weight  component  down  the  plane. 

f.  - fi.mgcmO  (0.75K2K  kg)(9.8  m**' >c<*40:  = 158  N . rngtinfl  - (28  kgH9S  m1*’  Xiin401  ^ 176  N > f\ . so 
die  rock  will  slide  down. 

(c)  Use  same  pnxedure  as  in  part  la  I.  with  /i  - 9.3  m and  \ heinu  the  speed  at  the  bottom  of  the  hill. 


-Mf.  -A4.  cos^— ---/wr;(  and 


J2?A  - 2//,gAci>s0/iin 


sin  0 2 
ms . 


Evaluate:  Tor  die  round  trip  up  the  hill  and  back  down,  there  is  negative  work  done  by  friction  and  the  speed 
of  the  rock  w hen  it  returro  to  the  bottom  of  the  hill  rs  less  dun  the  speed  it  had  when  it  started  up  the  hill. 
IDENTIFY:  Apply  Kq.<7.7>  to  the  motion  of  the  stone. 

Set  up:  A ♦ b\  + * A , -t-  U3 

Let  poant  I be  point  A and  point  2 h:  point  B.  Take  y - 0 at  point  B. 

EXECUTE:  mgr,  + ^mf*  - ^firi'j,  with  h - 20.0  m and  v,  - 10.0  m s 

v.  = J*‘  + 2gh  - 22.2  nv'rs 

EVALUATE:  The  kiss  of  grav  itational  potential  energy  equals  the  gam  of  kinetic  energy. 

(b)  IDENTIFY:  Apply  Eq.(7.8)  to  the  nxition  of  the  stone  from  point  B to  where  it  comes  to  rest  against  the 


spring. 

SET  IP:  Use  A ♦ H'  a t - A'.  ♦ Vy  with  point  1 at  B and  point  2 wforre  the  spring  lias  its  maximum 
compression  x. 

Execute:  L\  = ui  ^ A.  - 0;  A,  = with  v,  - 22.2  m s 
- W.  + H\t  = . with  i - 100  m -t  x 


Tlie  work-energy  relation  gives  A',  -t  - 0. 

Putting  in  the  numerical  values  gives  xT  + 29.4 x - 750  - 0.  The  positive  root  to  this  equation  is  x - 16.4  m. 
EVALUATE:  Part  of  the  initial  mechanical  (kinetic)  energy  is  removed  by  fricticm  work  and  the  rest  goes  into  the 
potential  energy  stored  in  the  spring. 

<c)  Identify  and  SET  IP:  Consider  the  forces. 

EXECUTE:  When  the  spang  is  compressed  .r  - 16.4  m th:  force  it  exerts  on  the  stone  is  Fd  - kx  - 32.8  N.  The 

maximum  possible  static  friction  force  is 

max = /img  ^ (0.8) |(1 5.0  kgM  9.80  m'sJ ) - 1 18  N. 

EVALUATE:  The  spring  force  is  less  than  the  maximum  possible  static  friction  force  so  the  stone  remains  at  rest. 
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7.50. 


7.51. 


7.52. 


7.53. 


IDEM1V\ : Once  the  block  leaves  the  top  of  the  hill  it  moves  in  projectile  motion.  Use  Lq<7.14i  to  relitc  the 
speed  vu  at  the  bottom  of  the  hill  to  th:  speed  »T-f  at  the  lop  and  the  70  m height  of  the  hill. 

SET  IP:  For  the  projectile  motion,  take  +y  to  be  downward.  at  - 0 f at  - g . v4l-vj4l.  v,,  - 0 . Foe  the  motion 
up  the  hill  only  gravity  does  work.  Take  y - Oat  th:  base  of  the  hill. 

Execute:  First  get  speed  at  the  top  of  the  hill  for  the  block  to  clear  the  pit.  y - —&1  . 20  m - -i<9.8  m*;V  . 


r - 2.0  x . Then  v1tJ  - 40  m give*  v, 


■ 


20  n vs  . 


Energy  conserv  ation  applied  to  the  motion  up  the  hill:  A * A gives 

— mv£  - mgA  - — mi  . »•(,  - + 2g/i  - - 42  m's  . 

Evaluate:  The  result  does  not  depend  on  the  mass  of  the  block. 
iDEvntv : Apply  A'+U,  + - K:  +U3  to  the  motion  of  the  person 

SET  t P:  Point  I is  where  he  steps  off  the  platform  and  point  2 is  when:  he  is  stopped  hv  the  coni  Let  y - 0 at 
po«nt  2.  y - 41 .0  m.  - -4kv*.  when:  x—  1 1.0  m is  th:  anxiunt  the  cord  is  stretched  at  pninl  2.  The  cord 
does  negative  work. 

Execute:  K,  - K.  - U,  - 0.  *i>  mg\,  - -tv'  - 0 and  * - 61 1 N m. 

Now  apply  F - Lx  to  the  test  pulls: 

F = kx  so  x a Fit  = 0.602  m. 

Evaluate:  All  his  initial  gravitational  potential  energy  is  taken  away  by  the  negative  work  done  by  the  force 
exerted  by  the  cord,  and  this  amount  of  ecxrgy  is  stored  as  elastic  potential  energy  «n  the  stretched  cord. 

IDI.VIIH : Apply  Kq.(7.l4)  to  the  motion  of  the  skier  from  the  gate  to  the  bottom  of  the  ramp. 

SET  I P:  H' ^ - -4IXM)  J . Let  > - 0 at  the  bottom  of  the  ramp 

Execute:  Foe  the  skier  to  h:  moving  at  no  more  than  30.0  m s : his  kinetic  energy  at  the  bottom  of  the  ramp  can  be 
no  bigger  than  ■* " ‘ ’ - 38,250 J . Friction  docs  -4000  J of  work  on  him  during  his  run.  which 

means  his  combined  U and  K at  the  top  of  the  ramp  must  be  no  more  than  38.250  J + 4000  J - 42,250  J.  Ills  A'  at  the 
m\2  (85.0kKK2.0ms)3 


top  is 


2 2 
winch  gives  a height  above  the  bottom  of  th:  ramp  of  h - 


170  J . His  c/at  the  top  should  thus  be  no  more  than  42.250  J - 170  J - 42.080  J. 

42,080  J 42.080  J 


50.5  m. 


mg  (85.0  kgH9.S0  m's*) 

EVALUATE:  In  the  abseexe  of  air  resistance,  for  this  h his  speed  at  the  bottom  of  th:  ramp  would  be  31.5  civ's. 
Tlie  work  done  by  air  resistance  is  small  compared  to  the  kinetic  and  potential  energies  that  enter  into  the 
cakuhtion. 

IDEVIIFY:  Use  the  work-energy  theorem.  I:q.(7.7).  Solve  for  K.  and  then  for  i\. 

SET  I P:  Let  poant  I be  at  his  initial  position  against  the  compressed  spring  and  let  point  2 be  at  the  end  of  tbc  barrel., 
as  shown  in  Figure  7.53.  Use  /’  - kx  to  find  the  amount  the  spring  is  lnitully  compressed  by  the  4400  N force. 

* +U.  + W*m*K.+Vl 


Take  v -0  at  his  initial  position. 
Execute:  A',  =0.  K}  =4«*$ 

H'  -H40  \K4.0m)-  -16)  J 


Ut  - 0.  UL m where  d is  the  distance  the  spnng  is  initially  compressed. 

F lift  i \* 

F - kd  so  _-4.00m 

A IlCONm 

and  UiM  = ^(1 100  N mH4.00  m)1  = 8800  J 
Vy„  -mgr,  =<60  kg)9.80ni,xiX2.5  m)  - 1470  J. 


Potcriial  Energy  *r*J  Energy  Conservation  ?•!? 
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7.56. 


7.57. 


7.58. 


7.59. 


I DIN  nrv : Apply  A'  + L\  + - K3  + U3  to  the  motion  of  the  rocket  from  the  Marling  point  to  the  bate  of  the 

ramp.  is  the  work  done  by  the  thrust  and  by  friction. 

SKI  IP:  Let  poem  I be  at  th:  starting  poent  and  let  point  2 be  at  the  base  of  the  ramp,  r,  - 0 , v%  - 50.0  ms  . Let 
y - Oat  the  base  and  take  +y  upward.  Then  vs  - 0 and  v,  - J sin53w . where  J is  the  diviancc  along  the  ramp 
from  tbc  base  to  tbc  starling  point,  friction  docs  negative  work. 

EXECUTE:  A,  =0,  U1  =0.  L\  r »'A^  ^ A* . \\AU4  ^ < 2000  N iJ  - 1 500  N tJ  ^ < 1 500  N */  . 
tin  53“  ■»  <1 500  N )d  ^ imi,1 . 

d- d - "500  kL-KMO  him-’ _14,m 

2|/w£xin53“  + 1500  X)  2)11500  kgX9.80  m s*  )sin53w  -t  1500  N| 

Evaluate:  The  initial  height  is  y - (142  m)sin53°  -113m.  An  object  free-falling  from  this  distance  attains  a 
speed  v - ^2£v,  - 47. 1 in  s . The  rocket  attains  a greater  speed  than  this  because  the  forward  thrust  is  greater  than 
the  friction  force. 

I DEMI  IV : Hie  fixve  exerted  by  a spring  is  F,  - -Lx . The  acceleration  of  the  object  is  given  by  A - mat  . Apply 
Lq.(  7.141  to  relate  poution  and  speed. 

SET  UP:  Let  be  when  the  spring  is  stretched. 

EXECUTE:  (u)  U -4Ly*  . Let  point  I be  w hen  the  spnng  is  initially  compressed  a distaore  xv,  so  x,  - — x^. 

A'  - 0 . - 0 . 4Art5  - U3  + Kt . The  speed  is  maximum  when  x = 0 , so  U3  = 0 . Then  Lkx?,  - and 


v%  - x,  vL.’/w  is  this  maximum  speed. 

(b)  A = -h  and  Ft  - mat  give  <Jt  = x . a is  maximum  when  |t|  is  maximum,  so  a - — xt. 

(c> Tlie  speed  is  maximum  when  i = 0.  wlxn  the  spring  has  returned  to  its  natural  length,  and  the  acceleration  is 
maximum  when  .y  = -x* . at  the  initial  compression  of  the  spring. 

(d)  Wlicn  the  spring  has  maximum  extension.  i\  - 0 . 4 Lx*  - 4Lr*  and  x - x„  .The  nxignitixlc  of  the  maximum 
extension  equals  the  magnitud:  of  the  maximum  compression. 

(e)  The  machine  part  oscilhtcs  between  x - -x«  and  .r  - r.Y,.and  ncvcT  stops  permanently. 

Evaluate:  In  any  real  system  there  are  n>xhanical  energy  losses,  foe  example  due  to  negative  week  dnne  by 
friction.  and  the  object  eventually  comes  to  rest. 

IDI-VUIA : Conservation  of  energy  says  the  decrease  m potential  energy  equals  tlie  gain  in  kinetic  energy. 

SET  I.  P:  Since  the  two  animals  are  equidistant  freen  tlie  axis,  they  c>:h  hive  the  same  speed  »*. 

EXECUTE:  (>nc  mass  rises  while  the  other  falls,  so  the  net  low  of  potential  energy  is 

(0.5CXI  kg  - 0.2011  kg II9.K0  mV  (11X400  m)  - 1 . 1 76  J.  Thu  is  the  sum  of  Ihc  kinetic  energies  of  the  animals  and  is 


equal  to  -»ik,v'  .ami  r.  = ,.H5  ms. 

3 10.700  kg) 

Evaluate:  The  mouse  gains  bath  gravitational  potential  energy  and  kirxtic  energy.  The  rat's  gam  in  kinctK 
energy  is  lexs  than  its  decrease  of  potential  energy,  and  the  energy  difference  is  transferred  to  the  mouse. 

(a)  IDENTIFY  and  SET  up:  Apply  Eq.(7.7»  to  the  motion  of  the  potato. 

Let  poent  1 be  where  the  potato  is  released  and  poent  2 be  at  the  lowest  point  in  its  motion,  as  shown  in 
figure  7.59a. 

lL  Vi  ~ 2.50  m 

v3  - 0 

The  tension  in  the  stnng  is  at  all  poents  in 
the  motion  perpendicular  to  the 
displacement,  so  Hj  - 0 
The  only  force  that  docs  week  cm  the 
potato  is  gravity,  so  H*4  - 0. 


1-0 


'M!  m 


Figure  7.59a 


Potential  Energy  and  Energy  Consctvatkin  ?«I9 


Execute:  *,=o.  K1  =41^.  U%*mgyt*  U2=s 
Thus  U.  m A'>. 


win , - Imv! 


\\  = yfigyi  s^2(9.80mVM2.S0m)-  7.00  mb 

EVALUATE:  i\  is  th:  tame  as  if  the  potato  fell  through  2.50  m. 

(b)  iDf.MIFY:  Apply  £/*  - //ui  to  tlx  potato.  The  patato  moves  in  an  an:  of  a circle  so  its  acceleration  is  <r  _ 
where  atU  - v2 ! R and  it  directed  toward  the  center  of  the  circle.  Solve  for  one  of  tlx  forces,  the  tendon  T in  th: 
*tnng. 

SET  1 P:  The  free -body  diacram  for  the  potato  as  it  swings  through  its  lowest  point  is  given  in  Figure  7.59b. 


J 


r- 


Tlie  acceleration  is  directed  in  toward 
the  center  of  the  circular  pith,  so  at  this 
noant  it  b upward. 


Figure  7.59b 

Execute:  = ma, 

T-mg*ma^ 

T - m\  g -t  atU ) - jjiJ  x + — |.  where  tlie  radius  R for  the  circular  nxition  is  the  kngth  /.  of  the  string. 

It  « instructive  to  use  the  algebraic  expression  for  »\  frecn  part  (a)  rather  titan  just  putting  in  the  numerical  value 

»’,  “ ; ” ii = 2*L 

rheo  T - ml  g * — | -»|  ? - -1—1  j - 3ui#:  Ihc  tcntion  at  thn  point  it.  three  lent'  the  weight  of  the  potato. 


r = iatg-  3(0. 1 no  kg)(9.80  m1'1 ) = 2.94  N 

Evaluate:  The  tension  is  greater  thin  the  weight;  the  accclcratxm  is  upward  so  the  net  force  must  be  upward. 
7.60.  IDEV lin : Eq.(7. 1 4 > sa y*  - A\  * 6’*  - (AT,  *•  b\) . \VmUt  is  the  work  dooe  on  th:  baseball  by  the  force 
exerted  by  the  air. 

s»:r  l.  P:  V - mgy  . K = f mt  * . where  v2  = v]  -f  v) . 

EXECUTE:  (u)  The  change  in  total  energy  is  the  work  done  by  the  air. 

=<0.145  kg)((l/2[<!8.6  m ')’  -(30.0  m ')'  -(40.0  mi)1]*  <9.80  m''*’((53A  m>) . 

- -80.0 1 . 

<b» Similarly. 

-(0.145  kg){Q/2)[(ll.9  mi)1 * (-28.7  n»'*)!-(l8.6  mfr)1  J-(9.80  m,v')(S3.6  m)| . 
h;^.  =-3i.3J. 

(c)  Tlie  ball  is  moving  slower  on  the  way  down,  and  does  not  go  as  far  (in  the  indirection).  are!  so  the  work  done  by 
the  air  is  stmllcr  in  magnitude. 

Evaluate:  The  initial  kinetic  energy  of  the  fcuschall  is  440  145  kg*  50.0  ms)3  - 181  J . For  the  total  motion 
from  the  ground,  up  to  the  maximum  bright,  and  back  down  the  total  work  dewte  by  the  air  is  1 1 1 J.  The  ball 
returns  to  the  ground  with  1 8 1 J - 1 1 1 J - 70  J of  kinetic  energy  and  a speed  of  5 1 mi's,  less  than  its  initial  speed  of 
50  ms. 
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IDENTIFY  and  54:  r UP:  Then:  are  two  situations  to  compare:  stepping  off  a platform  and  sliding  down  a pole. 
Apply  the  work- energy  theorem  to  each. 

<a)  Extent:  Speed  at  ground  it* steps  ofT platform  at  height  h 

Kt+Vt+W+.-Ki+Vi 

mgh  - ?mvi'  to  vj  - 2g/i 

Motion  from  top  to  bottom  of  pole:  (take  y - 0 at  bottom  I 
mgd  -fd=  4*^ 

Use  v!  — 2gh  and  get  mgd  - fd  - mgh 
fit  *mg(d-h) 

f = mg [d  - h)(d  = mg(  1 - hfd) 

EVALUATE:  Tor  h - <i  this  gives  / - 0 is  it  should  (friction  has  no  effect). 

For  6-0.  v>  = 0 (no  motion).  The  equation  for/ gives  f -mg  in  this  special  care.  When  f — mg  the  forces  on 
him  cancel  and  h:  doesn't  accelerate  demit  the  pole,  which  agrees  with  i\  - 0. 

<l»)  Execute:  / ^ mg(\  - hfd)  = (75  kg*9.80  m *s3  XI  -1.0  m 2.5  m)  - 441  \. 

(c)  Take  y - 0 at  bottom  of  pole,  so  y\  - d and  y3  = y. 


A ; + = ATj  +U3 

0 r JJI gd  -f{d-  y)  = 4-MV1  + mg}’ 

Imv'  =.mg(d-y)-  fid-  y) 

Using  / -mg{\-hfd)  gives  imr*  - mg(d  - y)-  mg{\  - hi d^d  - y) 

7*1’*  - mgO i 'dKd- y)  and  i - %i*2>:A<l  -v!d) 

Evaluate:  This  gives  the  correct  results  for  y - 0 and  for  y - d. 
iDl.vilFY:  Apply  Iiq.(7.l4)  to  each  stage  of  the  molxm. 

SET  IP:  Let  y - Oat  the  bottom  of  the  slope.  In  port  (a),  is  the  work  done  by  friction.  In  part  (b),  ft^  is 
tlic  work  done  by  fnctxm  and  th:  air  resistance  force.  In  pari  (c)»  W'#|  is  the  work  dime  by  the  force  exerted  by  the 
snowdrift. 

Execute:  (u)  The  skier's  kinetic  energy  at  the  bottom  can  be  found  from  the  potential  energy  at  the  top  minus 
the  work  done  by  (fiction.  AT,  = mgh  - 1 V,  =•  (60.0  kg  K9.8  N kgX6S.O  m)- 10.500  J.  or 

A - 3S.200 1 - 10.500  J - 27.720  J . Then  v.  = - p127^20  Jl  _ 30  4 m, 

\ m 60  kg 

(h)  A,  = A,  -<H',  +».,»- 27.720  J AT,  =27,720)  -[(0.2 KSSK  NHH2  m)-t-(160  N«S2  m)|ar 


A - 27.720  ) - 22.763  J - 4957  J . Then.  > ■ - 


2A  ,12(4957  11 


12.9  ms 


00  kg 

(c>  Uk  the  WoA-EncTgy  Theorem  lo  lind  Ihc  force.  If  - AA.  F = Kd  =(4957  J>/(2.5  ml  - 2000  N . 
Evaluate:  In  c>:h  ease.  is  negative  and  removes  mechanical  energy  from  the  syxtcm. 

IDENTIFY  and  54:  T I P:  First  apply  £ F - md  to  the  skier. 

f ind  the  angle  a where  the  nofmol  force  tcconxs  zero,  in  terms  of  the  speed  »•:  at  this  point.  Then  apply  the 
work  energy  theorem  to  the  motion  of  the  skier  to  obtain  another  equation  that  relates  1*2  and  a.  Solve  these  two 
equations  for  a. 


Let  point  2 he  where  the  skier  loses  contact 
with  th:  snowball,  as  sketched  in  Figure  7.63a 
Lares  contact  implies  n —>  0. 
v,  - /?.  1.  - /?cos  a 


Figure  7.63a 
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First,  analyze  the  forces  «i  the  skier  when  she  is  at  point  2.  The  tree-body  diagram  is  given  in  Figure  7.63b.  For 
this  use  coordinates  that  arc  in  the  tangential  and  radaal  directions.  The  skier  moves  in  an  arc  of  a circle,  so  her 
acceleration  is  a . - i' R.  directed  in  towards  the  center  of  th:  snowball 


Execute:  - ma 

mg  cos  a - n - uivj  / R 
[kit  n - 0 so  mg  cos  a - mvi  / R 
vj  = /tocos  a 


a 


figure  7.631> 


Ncnv  use  conscrvalicei  ot  energy  to  get  another  equation  relating  v. 

The  only  force  that  does  work  on  the  skicT  is  grav  ity,  so  W^.  - 0. 

A',  = 0,  K.-Srmv: 

U{  - mg}\  - m gR.  L\  - mg\\  - mucosa 
Then  mgR 

- 2g/?(l  -cos a) 

C ombine  this  w ith  the  ^ F - m a equation: 

RgCG%a  - 2#/?(l  - cos  a) 
cos  a -2-2  cos  a 

3 cos  <t  - 2 so  cos  a - 2<’3  and  a - 4S.2: 

EVALUATE:  She  speeds  up  and  her  increases  as  she  loses  gravitational  potential  energy.  She  loses  contact 
when  she  is  going  so  fast  that  the  radially  inward  component  of  her  weight  isn’t  large  enough  to  keep  her  in  the 
circular  path.  Note  that  a where  she  loses  contact  daes  not  depend  on  her  mass  or  on  th:  radius  of  the  snowball. 
IDEYTIFV:  Use  conservation  of  energy  to  relate  the  speed  at  the  lowest  point  to  th:  speed  at  th:  highest  point 
Use  V / - ma  to  calculate  the  tension. 

SET  IP:  The  rock  has  acceleration  ata  - v*  / R . directed  toward  the  center  of  the  circle. 

EXECUTE:  If  the  speed  of  the  nxk  at  th:  top  is  v.  . then  conservation  of  energy  gives  the  speed  \\  at  the  bottom 
from  -t  m$(2/?l . R being  the  radius  of  th:  circle,  and  so  - v*  -t  4gR  . The  tension  at  th:  top  and 

bottom  are  found  from  T{  -t  mg  - — - and  Tu  - mg  - ■ * . so  - Tt  - — < ij  -t^)+  2 mg  - 6 mg  - 6w . 

R R R 

EVALUATE:  The  tennom  Tx  and  depend  on  the  speed  of  the  rock  and  on  R.  but  th:  dilTerencc  T^-T  is 
independent  of  the  speed  of  the  rock  and  the  radius  of  the  circV:. 

IDEN  l and  Stir  I P: 


(a)  Apply  conservation  of  energy  to  the  nxttion  from  R to  C: 

Ky  +UM  * = A,  +UC.  The  motion  is  described  in  Figure  7.65. 

EXECUTE:  The  only  force  that  docs  work  on  the  package  during  thrs  part  of  the  nxition  is  friction,  so 
= /k(cos^Xr » ^T^caslWr - -^mgs 

K,  ,0 

U . =0.  uc*o 
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Thus  Ky  + Wf  -0 
rmi'i  - ^mgg  = 0 

(4.8o  tn»>'  ,0JW 

2gf  2(9.S0  mV  M3.00  m) 

EVALUATE:  The  negative  frxtion  work  takes  away  all  the  kinclic  energy. 

<1>)  IDENTIFY  and  SET  l P:  Apply  conservation  of  energy  to  the  motion  from  to  ii\ 

K.+USW^-K'+U, 

KXI  C1TF-!  Work  i*  dime  by  gravity  and  by  friction,  mi  - II', . 

A',-0.  K,  .4mvi  = 4)0.200  kgM4.R0  m %f  - 2.304  l 

UA  -mgy,  =my.R  -(0.200  kgX^.SO  ffib’Xl.60 m)  = 3.136  J.  L\=0 

Thui  C/,+1 r,  -Kk 

W(  - Kt  -Ut  - 1301  J — 3. 1 36  I - -0.S3  1 

EVALUATE:  W.  is  negative  as  expected;  the  friction  force  docs  mgativc  work  since  it  k directed  opposite  to  the 

displ&rcmcnt. 

IDF.YI1FY : Apply  I:q.(7.l4)  to  the  initial  and  final  positions  of  the  truck. 

Set  IP:  Let  y - Oat  the  lowest  point  of  the  path  of  the  truck.  IF ^ is  the  work  done  by  friction. 
ft=/in  = /j/rwcc«fl. 

EXECUTE:  Denote  the  distance  the  truck  moves  up  the  rjmp  by  x.  A'(  - . L»'(  - mgb%ina . A'.  - 0 . 

U}  - mgxnnfi  and  - -ji/ugxmp . Freon  - (K1  +f/,)-(A',  + Lr,) . arxl  solving  for  r. 

Kx  f nig/,  sin  a (v^.'2 g ) ♦ /.sin  a 

Adrian  //  -f  n%  cos//)  sin//  -t  //,  cos// 

EVALUATE:  x increases  when  \\  increases  and  decreases  when  //,  increases. 

Ft  = -ax  -fix*,  a ^ 60.0  Nm  and  p - 1 8.0  >VmJ 

(a  i IDENTIFY:  Use  Eq.(6.7)  to  calcuhtc  IF  and  then  use  M*  - -ALr  to  identify  the  potential  energy  function  Lr(x). 
Set  i p:  h;  = b\  - Ul  « J “ Ft (x)  dx 

Let  xx  -0  and  b\  = 0.  Let  x>  be  some  arbitrary  point  r.  so  Vl  =6’(x). 


Execute:  L'(x)  = -j  ’f((i)  dx  - - J (-ax  - px2)dx  - J (ax  + //.r5)  dx  * lax’  i// r\ 

Evaluate:  If  fl-0*  th:  spring  docs  obey  I looke'x  law.  with  k - a.  and  our  result  reduces  to  i^ht2 . 
<l»  IDENTIFY:  Apply  I:4<7.15)  to  the  mivtion  of  the  object. 

SET  I P:  The  system  at  points  1 and  2 is  sketched  in  Figure  7.67. 

,i-0 


« -AAAA/Vf~i 


-WVVVf 


*>-  O Mim 

Ftjurc  7.67 


A.+t/.+ir.^A 

The  only  force  tliat  docs  work  on  the 

object  is  the  spring  force,  so  - 0. 


Execute:  a,=o.  A^4mv! 

Ux  - Vi x > - !rfi x;  + Lpx\  ^ ^(60.0  N m)( 1 .00  m)1  -f  iflS.O  N W W 1 00  m)1  ^ 36.0  J 
V =-  U(xs)  ^ laxl  ♦ 4//x!  ^ 4(60.0  N-mM 0.500  my  + ifl  8.0  N.  m*  X 0.500  m)*  - 8.25  J 


Thu*  ; r 8.25  J 


iT6.0  J-8.25  J) 


- 7.85  m s 


0.900  kg 

F.\  AliiATE:  The  clastic  potential  energy  stored  in  Ih:  spring  decreases  and  the  kinetic  energy  of  the  object  increases. 
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iDf-N  nn  : Apply  Eq.(7.l4).  \VM  is  the  work  don:  by  F. 

SET  IP:  H'#  4#f  = AA'  + A U . The  distance  the  spring  stretches  is  aO . y\  - = a sin  0 . 

EXECUTE:  The  f»>ree  increases  both  the  gravitational  potential  energy  of  the  block  and  the  potential  energy  of  the 
spring.  If  the  block  is  moved  slowly,  the  kinetic  energy  can  be  taken  as  constant.  so  tb:  work  done  by  the  force  is 
the  increase  in  potential  energy.  A U - m£usan0r  +k{aOY  . 

EVAlilATE:  The  force  is  kept  tangent  to  the  surface  so  the  block  will  stay  in  contact  with  the  surface. 

IDEYTIFY:  Apply  Uq.<7.14)  to  the  motion  of  the  block 

SET  l P:  Let  v - Oat  the  floor.  Let  point  1 be  tb:  initial  positicei  of  the  block  against  the  compressed  spring  and 
let  point  2 be  just  before  the  block  strikes  the  floor. 

Hull  II:  Wilh  V,  = 0.  K,  - 0 . A',  - V, . -mi  - ~kx'  + mKh  . Solving  foi  v, . 

,, . o.!  ■ 7.oi  m . 

EVALUATE:  The  potential  energy  stored  in  the  spring  and  tbc  initial  gravitational  potential  energy  all  go  into  the 
final  kinetic  corrgy  of  the  block. 

iDf.MItY:  Apply  Lq. <7.14f  V is  the  total  clasla:  potential  energy  of  the  two  spring*. 

SET  I P:  Call  the  two  points  in  tbc  motion  where  Lq.(7. 14)  is  applied  A and  0 to  avoid  confusion  with  springs  1 
ind  2.  that  have  force  constants  X*,  and  k3 . At  any  paint  in  the  motion  tb:  distance  ooe  spring  is  stretched  equals 
the  distance  tb:  other  spring  is  confessed.  Let  r.r  be  to  the  right.  Let  poent  A be  the  initial  position  of  the  block, 
when:  it  is  released  from  rest.  so  xtA  - -tO.I50  m and  r%4  = —0. 1 50  m . 

Execute:  (u)  With  no  friction.  - 0 . KA  = 0 and  Ut  - KM  +UM  . The  maximum  speed  is  when  L\  - 0 and 
this  is  at  x,rf  = xiA  - 0 . when  both  springs  are  at  their  rutural  length.  fX,A',’4  *f  ^vX^  = yiwvj  . 

- (0.150  ml’  .so  i j = .lEIEtO.  ISO  ml  = /r500  N?  * 2000  N ",0  .l5P  ml  5. 

V m ^ 5.00  kg 

(hi  At  maximum  compression  of  spring  L spring  2 has  its  maximum  extension  and  »*,  - 0.  Therefore,  at  this  poent 

UA  - L\ . Tlie  distance  spring  l is  compressed  equals  the  distance  spring  2 rs  stretched,  and  vice  versa: 

= -*}.  and  »„  - . Then  V,  , U,  give*  r(t  + k,)^  - '(*.  + *, »d  »„  =-«„ —0.150  m . The 

maximum  compression  of  spring  1 is  15.0  cm. 

Evaluate:  When  friction  is  not  present  mechanical  energy  is  conserved  and  is  continually  transformed  between 
kinetic  energy  of  the  block  and  potential  energy  in  the  spring*.  If  friction  is  present,  its  work  removes  mechanical 
energy  from  the  system. 

iDEVim:  Apply  conservation  of  energy  to  relate  x and  h.  Apply  ^ /*  - ma  to  relate  u and  x. 

SET  l P:  Tlie  first  condition,  tbit  the  maximum  height  above  the  release  punt  is  /i.  is  expressed  as  - mgh  . 
The  magnitude  of  the  acccV^ation  is  largest  when  the  spnng  is  compressed  to  a distance  x;  at  this  point  the  net 
upward  fcecc  is  kx  - mg  - ma  . so  the  second  eonditxm  is  expressed  as  x - im.'k){g  r u) . 

EXECUTE:  (u|  Substituting  the  second  cxpressirei  into  the  first  gives 

miff*  a? 


si  nvs. 


T*lTj  te+a)  “***’  " *"  2gh 


(hi  SuhstitutmL*  this  into  the  expression  for  x gives  x - 


EVALUATE:  When  a ->  0 . our  results  become  k - and  x - 2h  . The  initial  spring  force  is  kx  - my,  and  the 

net  upward  fcecc  approaches  zoo.  Hut  - mgh  and  sufllcient  potential  energy  is  stored  in  tbc  spring  to  move 
the  mass  to  height  /i. 

iDENlin : At  equilibrium  the  upward  spring,  force  cquils  the  weight  mg  of  the  object.  Apply  conservaticei  of 
energy  to  the  motion  of  the  fish. 

SET  UP:  The  distance  that  the  mass  descends  cquils  the  distance  tb:  spring  is  stretched.  A',  - - 0 . so 

t/,  l gravitational  I -6\<spnngl 

EXECUTE:  Following  the  hint,  the  force  constant  k is  found  from  nt£  - kd  . cc  A*  - mg  id  . When  tb:  fish  falls 
from  rest,  its  gravitational  potential  energy  decreases  by  mgy;  this  becomes  the  potential  energy  of  the  spring. 

winch  is  Lk/  -4<tng  'd)v2.  liquating  these.  1— £Ly:  _ mgv,  or  y -2d. 

2 d 
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Evaluate:  At  stx  lowest  point  the  fish  is  not  in  equilibrium.  The  upward  spring  force  at  this  point  is  Ay  - 2kd  . 
uxl  this  is  equal  to  twice  the  weight.  At  this  point  the  net  force  is  mg.  upward,  and  the  fish  h«  an  upward 
acceleration  equal  to  g. 

IDEM1FV:  Apply  Eq.<7. 1 5)  to  the  motion  of  the  Mock 
SET  t P:  The  motion  from  A to  8 is  desenbed  in  Figure  7.73. 


The  normal  force  is  n - mgccaO,  so  ft  - - fi^mgcosO. 

y A = O.  yg  = (60.0  m (sin  30.0°  a 3 .00  m 

Kt+Ut+ir^mKi+U. 

Execute:  Work  it  done  by  gravity,  by  the  spring  farce,  and  by  friction,  mi  - If,  and  V - U„  *■ 

K , -0.  - 4(1 .50  kg  II  7.00  -36.75  i 

V,  *V^ since 

U,  - UAi  -0t  HIR1',  = (1.50  kg  *9. 80  mb’  K3.00  m)=  44.1  J 
-l/.co^Xs^ ftmgcortcmlHO'l* --^mguvsth 
- -I0.50H1.50  kgll9.80  mi1  Hco*  30.0-1(6.00  ml  = -38.19  J 
Thus  C1^  4 -3S.I9  ! -36.7S  J .44.10 1 
u..~  38  19 1 ■*  36  75  J ’ 4410  1 ~ 1 19  1 

EVALUATE:  Ua  must  always  be  powtive.  Part  of  the  energy  initially  stored  in  the  spring  was  taken  away  hv 

friction  week:  the  rest  went  partly  into  kinetic  cixrgy  and  partly  into  an  inrrease  in  gravitational  potential  energy. 
IDEM1FV:  Apply  Kq.(7.14)  to  the  motion  of  the  package.  - W . the  work  done  by  the  kinetic  friction 
force. 

SET  I P:  /k  - fjji  - fJkmg  co%0 , with  0 - 53. 1°  . Let  L - 4.00  m , the  distance  the  package  moves  before 

reaching  the  spring  and  let  J be  the  maximum  compression  of  thr  spring.  Let  posit  1 be  the  initial  petition  of  the 
package,  point  2 be  Just  as  it  contacts  the  spring,  point  3 he  at  the  maximum  compression  of  the  spring,  and  pixnt 
be  the  final  positicei  of  the  package  after  it  rebounds. 

Execute:  (at  A',  - 0 , L\  - 0 , - -/k/.  - -^LcosO  . L\  = mgL sin 0 . K3  - , where  v is  the  speed 

before  the  block  hits  the  spring.  Eq(7.14)  applied  to  points  1 and  2,  with  y,  - 0 . gives  Ut  -t  WA%m  - A\ . Solving 
for  v, 

v-  y}2gL(Vnl)-^cmll)  =^2(9.80  m t’Hd.OD  mH«nS3.l<’-(0.201i:iM53.l°’)  - 7.30  mi. 

(b)Apfl>  Eq.(7. 14)  lo  points  1 and  3.  Let  y, -0.  AT,  = A',  = 0 . V,- mg(L-td)%iaO . U1-itdl . 

H', , = -ft(L  ~<l).  I:q.(7. 14)  gives  mtfL  + d)*iaO  - titmgcm0(L  + d)  = ~id! . TTiis  can  be  written  as 

-d  - L - 0.  The  factor  multiplving  d‘  is  4.504  m 1 . and  use  of  the  quidratic  formula 


2mg  (stuff- /j4  cos  0 1 
gives  d - 1 .06  m . 

(c>  The  easy  thing  to  do  here  is  to  rccogni/e  that  the  presence  of  the  spring  determines  d.  but  at  the  end  of  the 
motion  the  spring  lias  no  potential  energy,  and  the  distance  below  the  starting  point  is  determined  solely  by  how 
much  energy  has  been  lost  to  friction.  If  the  block  ends  up  a distance  y below  the  starting  point,  then  the  block  has 
moved  a distance  L trf  down  the  incline  and  L-*d  - y up  the  incline.  The  magnitude  of  the  friction  force  is  the 
same  in  both  directions.  ii^mgca&O  . and  so  the  work  done  by  friction  is  -/rt(2/.  -t  2d  - y)mg cos0  . This  must  tv 
equal  to  the  chance  in  gravitatxmal  potential  corrcy.  which  is  -wcvsintf  . Equating  these  and  solving  for  v gives 


yH.O  2*Cm°  a(£^l-^L- 

sin0+  f^cotO  tan  0 + fi^ 

and  0 gives  v - 1 .32  m . 


. Using  the  valu:  of  <i  found  in  part  |*b|  and  the  given  values  for  /i 
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Evaluate:  Our  expression  fbr  r gives  the  reasonable  results  that  y - Owhen  ui  - 0 ; in  the  absence  of  friction 
the  package  returns  to  its  starting  point. 

(a)  lDENTIFV  and  Sn  i n Apply  K t+UA  + WA%m  - Kk  + UM  to  the  motion  from  A to  B. 

EXECl :tf;  Ka  - 0.  KM  ^ ^mvl 

UA  = 0.  UM  - L\{  J - 4**;,  where  xM  = 0.25  m 

Thus  FxM  - v + (The  work  done  by  F goes  partly  to  the  potentul  energy  of  the  stretched  spring  and 
partly  *o  the  kinetic  energy  of  the  block  I 

Ft,  - (20.0  NII0.2S  ml  - 5.0  J ami  i .fa'  -i(40.0  N'mMO.25  ml'  -1.25  J 


Thui  5.0  I --imd  *1.25  J and  i.  = 5 J>  ^ 3.87  mi 

• * J V05aiks 

(b)  IDIMIFY:  AppJy  Eq.<7. 1 5 1 to  the  motion  of  the  block.  Lei  point  C be  w here  the  Mock  is  closest  to  the  wall. 
When  the  bkick  is  at  poant  C the  spring  is  compressed  an  amount  |v€  |.  so  the  block  is  0.60  m -|a*,  | from  the  walk 
ind  the  distance  between  li  and  C is  xk  ♦ |a,  |. 

Set  IP:  The  motion  from  .1  to  B to  C is  described  in  figure  7.75. 

+ *Kt  +VC 
Exec  nt::  Wt^  - 0 
K.  - tmi’i  = 5.0  J - 1.25  J - 3.75  J 


-A/VWM1 


. 'A 


< from  part  (a)) 

V,  - = 1 .25  J 

Kt  -0  (instantaneously  at  rest  at 
poant  closest  to  wall) 


Figure  7.75 
Thus  3.75  Jr  1.25  J-4-*|a,  |:' 

bk  QHi»0.S0m 
11  V^OON/m 

The  distance  of  the  block  from  the  wall  is  0.60  m - 0.50  m - 0. 10  m. 

Evaluate:  The  work  (20.0  XX0.25  m)  - 5.0  J done  by  / puts  5.0  J of  mechanical  energy  mto  the  system  No 
mechanical  energy  is  taken  away  by  friction,  so  the  total  energy  at  points  B and  C is  5.0  J. 

IDEYI1FY:  Appiy  Eq.(7.l4)  to  the  motion  of  the  student 

SET  IP:  Let  xt  - 0.18  m , - 0.71  m . The  spring  constants  (assumed  identical  l are  then  known  in  terms  of  the 

unknown  weight  u\  - w . Lei  y = 0 at  the  initial  position  of  the  student. 

Execute:  (u)  The  speed  of  the  brother  at  a given  height  ft  above  the  pom!  of  maximum  compression  is  then 

found  from  1|4X  )x:  - ! — liJ  -f  »t%h.  or  v’  - i— - .v.J  - 2 vft  - y\  — - 2h  | . Therefore. 

2 2\g  w U 


v^yji 9.80  m's* )(( 0.71  m 1^/(0. 18  m)  - 2(0.90  m»  - 3.13  m's  .or  3.1  m's  to  two  figu 

(b)  Setting  v - 0 and  solving  for  h,  ft — - 1 .40  m.  or  1.4  m to  two  figures. 

2*, 

(c>  No;  the  distance  x4  will  be  different,  and  the  ratio  — - — * 


cs 


'.S3 m)*  (.  0.53  mV  .... 

=.  a U will  be 

i *,  ) 


different 


Note  that  on  a planet  with  lower#,  a*,  will  be  sinal to  and  h will  be  larger. 

Evaluate:  Wc  arc  able  to  solve  the  problem  without  knowing  either  the  mass  of  the  student  or  the  force 
constant  of  the  spring. 
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7.77. 


7.78. 


7.79. 


7.H0. 


IDENTIFY:  J 


- d'x'dt* . ay  = d1\Sds’ . Ft  - ma, , Ft  - ma%  . 6’  = 1 t-J F% dy  . 


i i Ps  — (cos»  J)  = —fij  «n&i / . i(sinw/|  - w cos^7 . fcosHui  Jr  - —sir 

rff  dt  3 Of 


unfa i di  - - — cos  <u  r 


v4  = dx/dt , v,  = dy/dt . £ = K r V . 

EXECUTE:  U>  a,  -dixfdti  - £.  = nui,  - a,  - d:\Sdr  - -o^y,  £.  = hm,  = -«o£v 

lb>t/-[J * | F, «■]  - »«.;  [ \xdx  <•  j «*•]  - iwo( (.«’  + .»•' * 

(C>  v4  - dxidt  = -Xjo,  sin «y  - -*^0%).  v,  = * ♦>*,<*,  cosay  - + v,^,(x%). 

(i)  When  x-x^  and  y = 0.  v4  =0  and  v,  = y,ft*, . 

K m l/w(r'  - 1 * > - Lmy >/ . U - io£mx£  and  £■  if + U - Imj  i vj  + >;) 

(»>  When  x = 0 and  y = v - -*„<*»,  and  vy»0, 

AT  - — V = i-mwjy;  and  E - K + U - lrmqf(x£  ♦ y*> 

EVALUATE:  He  total  energy  it  the  tan*:  at  the  two  points  in  part  <c);  the  total  energy  of  the  system  is  constant. 
I DENI  in : Calculate  the  increase  in  kinetic  energy  for  the  car. 

SET  ip:  The  car  gets  (0. 1 5)  1 3 x 10*  J > of  energy  from  one  gallon  of  gisolinc. 

Execute:  (a)  The  mechanical  energy  increase  of  the  car  is  Ks  - Kt  - ^(1500  kg  1(37  mb)*  =1.027  x 10"  J.  Let 
<t  he  the  number  of  gallons  of  gasoline  consumed,  oil  3 x 1 0*  J K0  1 5 > = 1 .027  x!0*  J and  a - 0.053  gallons  . 

(b)  (1.00  gallons )/a  = 19  acceleration* 

Evaluate:  The  time  over  which  tlx  iix  reuse  in  velocity  occurs  doesn't  enter  into  the  calculation. 

IDENTIFY:  V - mgh  . Use  h = 150  m for  all  the  water  that  passes  through  the  dam 

SET  up:  m - fV  and  V = AM\  is  tlx  volume  of  water  in  a height  life  of  water  in  the  lake. 

EXECUTE:  (u)  Stored  energy  - mgh  = {pV)gh  - pA(\  m )gh  . 

stored  energy  = (1000  kg  m‘l<30x  10*  mJ )(!  mX9.K  mfc*)(150  ml  = 44 x 10'*  J. 

(b)  90?;  of  the  stored  energy  is  converted  to  electrical  energy,  so  <0.90)(m£A)  - 1000  kWh  . 

(0.90)plgh  - 1000  kWh . V - (1000  kWh,<360(>  >1/11  h)) 

(0.90X1000  kc  m‘X150  mX9.S  mV) 


Y 2.7x10*  m 


C hang:  in  level  ot  the  lake:  A&h  = I . An  - — 


9.0x10  4 m. 


A 3.0x10*  m 

EVALUATE:  Sh  rs  much  less  than  150  m.  so  using  h - 1 50  m for  all  tlx  water  that  passed  through  the  dam  was  a 

very  good  approximation. 

IDENTIFY  and  SET  L P:  The  potential  energy  of  a horizontal  layer  of  thickness  d\\  area  A%  and  height  v is 
dlS  = [dm  )gy.  Let  p be  the  density  of  water. 

Execute:  dm  -p  dV  m pA  dy\  so  dlS  = pAgy  dv. 

The  total  potential  energy  IS  is 
V = f‘dU  - pAgj’y  dy  * IpAghK 

--I  = 3.0x10“  m;  ar«l  A = l50m.  w V -3.3x  10"  I -9.2- 10:  kWh 

Evaluate:  The  volunx  is  Ah  and  the  mass  of  water  is  pY  - pAh.  The  average  depth  is  = hi  2,  so 
U=«ig/i  . 


CV  SU  flu 

Identify:  Apply  £4  = - and  FJ  =--r- 

dx  (S'  ci 


S»:r  ip:  r - 1*;  + v*' » r'l1 1 


r-.l/r! 


- 1 


’(1  rl 


(«'*/> 


~7 


7.KI. 


Execute:  u>  U(r) 


7.8  2. 


7.83. 
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Gmm,  W 


ftl/r)  I 


r/m.w.T 


— Similarly. 


F =- 


f/m.nr.y 


and  F -- 


(/"i.nt.r 


(.»■  » v‘  r r" )'  ‘ C1  ^Wi- 


ll*) li’.Vt:'  >*  ’=»*«•  F.»- 
Gm.m. 


Grnni  j _ Gm.ni-r 

. F - and  /•  s - 


r r r 

F^F;,r:*F; -'^J77777J±p.. 

(c)  /*  . b x and  F arc  ixgativc.  F — ax , F - ay  and  F - a:  . where  a is  a constant.  so  F and  the  vector  t from 

mx  to  m . arc  in  the  same  direction.  Therefore.  F is  directed  toward  Jfl,  at  the  origin  and  F is  attractive. 

Evaluate:  When  m,  moves  to  larger  r.  the  work  done  on  it  by  the  attractive  gravity  force  is  negative.  Since 

W - -A U . negative  work  dime  by  gravity  means  the  gravitational  potential  energy  increases. 

t/(r)  = does  increase  (becomes  less  negative)  as  /*  increases.  Tor  an  object  near  the  surface  of  the  earth. 

r 

t/(r)  - will  he  shown  in  Chapter  12  to  be  equivalent  to  U - mgy  . 

r 

IDENTIFY:  Calculate  the  wick  IE  done  by  this  force.  If  the  force  is  conservative,  the  work  is  path  independent 
Setup:  Wm^F-di . 

Execute:  (u>  W - J Fxdy=c\'' y'dy . IFdoon’t  depend  on  x%  so  it  is  the  same  for  all  paths  between  /[  and 
P . The  force  is  conservative. 

|b)  H‘  = J ‘ F dx  - C'j  y*dx  . IE  will  be  different  for  paths  betw  een  points  /f  and  P,  for  which y has  different 
values.  For  example,  ify  lias  the  constant  value  y\.  along  the  path,  then  IE  - Cy,(r}  - .r, ) . IE  depends  on  the  value 
of  y0 . Tlx  force  is  not  conservative. 

Evaluate:  F • Cy*j  has  the  potential  energy  function  V (y ) - - i-j—  W'c  camxit  find  a potential  energy 

function  for  F - Cv'i  . 

F = -axy*j,  a -2.50  K m1 

IDES  IlfN : F is  not  constant  so  use  liq  <6. 14)  to  calculate  IE.  F must  be  ev  aluated  along  the  pith. 

(a)  SET  UP:  The  path  is  sketched  in  Figure  7.83a. 


K- 

Figure  7.83u 


dt  - dri  -t  dyj 
F di  - -axv2  dy 

On  the  path.  r=v  so  F dt  - -or'  d\ 


Execute: 


= fV  d/  = -(a/4)j/|'U -(o/4K>-; - 


y,  = 0.  V)  - J.OO  m.  to  H'  - -i(2.50  N.m1  )«3.00  m)‘  = -50.6  I 
(b)  SET  up:  The  path  is  sketched  in  Figure  7.83b. 


Irr.1 


Figure  7.83l> 

For  the  displacement  from  point  1 to  point  2.  dt  - dir,  so  F di 
tlie  displacing  nt  at  each  point  alone  the  path,  so  IE  - 0.) 


- 0 and  IE  - 0.  fThc  force  is  perpendicular 


7-28  Chapter  7 


7.84. 


7.8>. 


For  Ihc  displacement  from  point  2 to  point  3.  dl  - dyj  so  F ■ dl  = -axy‘  dy.  On  this  path,  x - 3.00  m.  so 

F dj  a -(2.50  N.WX3.0O  m )y}  dv  = -<7.50  Nfa*)y*  dy. 

Execute:  W-j  F d/  =-(7.50 N/ma)J ' V <*=-<7.50 
K'  - -(7.50  N.mi)(i)(3.X  m)*  = -67.5  J 

(c)  EVALUATE:  Fee  t bese  two  paths  between  the  same  starting  and  ending  paints  the  work  is  different.  so  the 
force  is  nonccmscrvativc. 

fi.  . 

IDENTIFY:  Use  IF  - I F dl  to  calculate  W for  each  segment  of  the  path. 

Set  ll:  F dl  - Fdx  - axy  dx 

EXECUTE:  (u)  The  path  IS  sketched  in  Figure  7.84. 

(b)  ( 1):  .v  - 0 along  this  leg.  so  F - 0 and  W = 0 . (2):  Along  this  leg.  y - 1 .50  m .so  F dl  - (3.00  N fm\xdx . 
and  W = (1 .50  N/m)«l .50  m)J  - 0) « 3.38  J (3)  F-d/  - 0 . so  Wr=0  (4)  yaO.so  /*»0  and  H' -0.  The  work 
done  in  moving  around  the  closed  path  rs  3.3S  J. 

(c)  The  work  done  in  moving  around  a closed  path  is  not  zero,  and  the  tome  is  not  conservative. 

Evaluate:  There  is  no  potential  energy  function  for  this  force. 


I 


4 

Figure  7.84 


IDEA I1FY:  Use  Eq.(7.16)  to  relate  /*  and  U(x) . The  equilibrium  is  stabV:  \vh:rc  U( x)  is  a local  minimum  and 
the  equilibrium  is  unstable  where  U(x)  is  a local  maximum. 

SET  UP:  The  maximum  and  minimum  values  of.v  arc  those  for  which  U(x)  - E K = F-6* . so  the  maximum 
speed  is  where  U is  a minimum 

Execute:  (u>  For  the  given  proposed  potential  U(x),  - - -Lt  t F . so  this  is  a possible  potential  function. 

dx 

For  this  potcntul.  (/( 0)  - -F'f2k  . not  zero.  Setting  the  zero  of  potential  is  equivalent  to  adding  a constant  to  the 
potential;  any  additive  constant  will  not  change  the  den v alive,  and  will  correspond  to  the  sanv  force. 

(h>  At  equilibrium,  the  fcace  is  zero;  solving  —-tv  -t  F - 0 for x gives  x,  - Fife . 6f(xx)  - -F  iX . and  this  is  a 
nunimum  of  Cr.  and  hence  a stable  point. 

(c)  The  graph  is  given  in  Figure  7.85. 

(d)  No;  Fim  = 0 at  only  one  point,  and  this  is  a stable  poant. 

(e)  The  extreme  values  of.v  correspond  to  zero  velocity,  hence  zero  kinetic  energy,  so  U(xt  ) = E . where  x4  are 
the  extreme  point*  of  the  motion  Rather  than  solve  a quadratic,  note  I Kit  4*(x  - Ftk)‘  - F:ik  . 10  ll(x,  I = I: 

become*  lk[x. --Y-r1/*-— . ---±2-.  *o.«.  x. 

2 ( k I t k t k k 

(0  The  maximum  kirctic  energy  occurs  when  U(x)  is  a minimum,  the  point  x,  - F/k  found  in  port  lb).  At  this 
point  K-E-L'-  ( F‘ik I -f-F'.k ) - 2F:!k  .tor- 2f/*/m*  . 
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7.86. 


7.87. 


EVALUATE:  As  E increases,  the  magnitudes  of  .r.  and  x increase  The  particle  cannot  reach  values  of.r  for 
which  E <{/(x)  because  K cannot  be  mgativc. 

L 


Figure  7.85 

IDENTITY:  Use  Eq.(7.16)  to  relate  /’  and  U(x)  . The  cquilrtuium  is  siahV:  where  U(x)  is  a local  nunimum  and 
the  equilibrium  is  unstable  where  U(x)  is  a local  maximum. 

SET  I.  P:  dlS>dr  is  th:  slope  of  the  graph  of  V versus  x.  K - E—U  .so  K is  a maximum  when  U is  a nunimum 

The  maximum  x is  where  E - U . 

Execute:  (u)  The  slope  of  the  U is.  x curve  is  negative  at  point  A.  so  Ft  is  positive  (Eq.  (7.161). 

(b)  The  slope  of  the  curve  at  poent  B is  positive.  so  the  force  is  negative. 

(c)  The  kinetic  energy  rs  a maximum  when  the  potential  energy  is  a minimum,  and  that  figures  to  he  at  around  0.75  m. 
|d)  The  curve  at  point  C looks  pretty  close  to  flat,  so  the  force  is  zero. 

(c)  The  object  had  zero  kinetic  energy  at  point  A.  anti  m order  to  reach  a point  with  more  potential  energy  than 
U{A) . the  kiwlic  energy  wvtukl  need  to  be  negative.  Kinetic  ciXTgy  is  never  negative,  so  the  object  can  never  be  at 
any  point  where  the  potential  energy  is  larger  than  U(A) . On  the  graph,  that  looks  to  he  at  about  22  m. 

(0  The  point  of  minimum  potential  (found  in  pan  (c))  is  a stable  point,  as  is  the  relative  minimum  t>:ar  1.9  m. 

In)  The  only  potential  maximum,  and  hence  the  only  point  of  unstable  equilibrium,  is  at  point  C 

Evaluate:  If  E is  less  than  V at  point  C Ihc  particle  is  trapped  in  one  or  the  other  of  the  potential  ' wells"  and 

cannot  move  from  one  allowed  region  of  x to  the  other. 

IDENTIFY:  K - E -V  determines  \ix) . 

SET  I.  P:  i is  a maximum  when  U is  a minimum  and  v is  a minimum  when  U is  a mix  i mum.  Ft  - -dV.dx . The 
extreme  values  of  a*  are  where  E = V(x)  . 

EXECUTE:  (u)  Flimimting  fl  in  favor  of  a and  x,(/l  - a/**), 

p _ <*  •i  “ _ 


y<*« 


L (.rt.)  - 1 — - |(l  - 1)  - 0 . v (.r  I is  positive  tor  x < xt  and  negative  tor  x > xv  ( a and  />  must  be  taken  as 
positive).  The  graph  of  6’(.r)  is  sketched  in  Figure  7.87a. 

The  proton  nxives  in  the  positive  .r-dircclion.  spxdine  up  until  it 


reaches  a maximum  speed  (see  part  (c)).  and  then  slows  down,  although  it  never  stops.  The  minus  sign  in  the 
square  root  in  the  expression  for  »<x)  indicate*  that  th:  particle  will  be  found  only  in  the  region  where  V <0  . that 
is.  x > x, . The  graph  of  vf.v)  is  sketched  in  Figure  7.S7b. 

|c)  The  maximum  speed  corresponds  to  the  maximum  kinetic  energy,  and  hence  th:  minimum  potential  energy. 


flu*  nunimum  occurs  when 


■X : 


iU  a 


wluch  has  the  solution  x - lx,,.  (/(2jg)  - .so  v-  ‘ “ 

*2  MX 


- I) . or v 

dr  x * 

a 

7Z 


-21 5.1  .lit 


r • 


(<1)  The  maximum  speed  occurs  at  a point  where  - 0 . and  from  Fq.  (7.15).  the  force  at  this  point  is  zero. 


7-30  ( hjpcrr  7 


The  particle  is  confined  to  the  region  where  U(  x)  < f/(x, ) . The  maximum  .speed  still  occurs  at  x - 2xu . but  now 
the  particle  will  oscillate  between  xx  and  some  minimum  value  (see  part  (0). 

(0  Note  that  U(x)-U{xt)  can  be  written  as 


which  is  zero  (and  heexe  the  kinetic  energy  is  zero)  at  x - 3a*,  - x and  x - ixB . Thus,  when  the  particle  is 
released  from  xil%  it  gexs  cm  to  infinity,  and  doesn't  reach  any  maximum  distance.  When  released  from  x, . it 
oscilhtcs  between  and  3x, . 

Evaluate:  In  each  case  the  proton  is  released  from  rest  and  E - 6’(x4) . where  x is  the  point  where  it  is 
released.  When  x,  - xit  the  total  etxrgy  is  zero.  When  x,  - x,  the  total  energy  is  negative.  t/(x)  ->  0 as  x -♦  x , so 
for  this  ease  the  proton  can't  reach  x -*  x and  the  maximum  x it  can  have  is  limited. 


Figure  7.S? 


Momentum,  Impulse,  and  Collisions 


8 


Identify  and  Set  Ur:  p = mv.  K 

Execute:  (u»  (io,ooo kgxi2.0n*'s)  = 1.20x10' kg  ms 

»m  w i-.-i-i-' 


SO.O  m*  . (li)  i»v;  =-«i.  . 40 


_ U,  _ |IO.«M)kg 


v - — i-v  - ^.(l'«m>)-26.'nu 

\2«">ks 

Evaluate:  The  SUV  must  have  less  speed  l<»  have  the  same  kineiic  energy  as  the  truck  thin  to  have  the  itimc 
monxntum  as the  truck. 

8.2.  IDEVIIPY:  Example  8. 1 show's  that  the  two  iceboats  have  the  &imc  kinetic  energy  at  the  finish  line.  K - imr’  . 
p - jhv  . 

SET  Up:  Let  A be  the  iceboat  with  mass  m and  let  B be  the  iceboat  with  miss  2m,  so  w.  - 2m. . 


Execute:  Ka  - A,  gives  ?«r;  -4"«vv  • v,  - • 


Pa  =■»*»''* • Pi  = m**M  •{2m4)[vsiif2)  = j2mMvA  JlpA . 

EVALUATE:  The  more  massive  boat  must  have  levs  speed  but  greater  nvuixntuin  than  the  other  bixit  in  order  tc 
have  the  same  kinetic  energy. 

3.  IDENTIFY  and  SET  L'P:  p aan* . AT  = 4«V* . 

/ \2  l 

Execute:  00  v~L  mid  A=-m|  —I  = — 

Ul  \ m ) 2m 

<b)  A'  - K>  and  the  result  from  part  <a>  gives  — : — pk  - j—  />  - 1,1  *•  ^8  - | <*0i>  Kr^chull 

2mt  2m,.  \ m.  \ 0.040  kg 

has  the  greater  magnitud:  of  momentum.  pK  f p%  - 0.526  . 

(c»  p-  -2mA'  40  p - I?.  uivc4  2ni„A'.  - 2m  K . w - my.  . «i  n;  A - it- A'  . 


W 


A =I.56A. 


The  woman  has  greater  kirelic  energy.  f K a - 0.64 1 . 

EVALUATE:  for  equal  kinetic  energy,  the  more  massive  object  hav  the  greater  momentum,  for  equal  monxnta. 
the  levs  masvivc  object  has  the  greater  kinctie  energy. 

4.  iDEMltY:  Each  momentum  component  is  the  mass  times  the  corresponding  velocity  component. 

SET  UP:  Let  *.r  be  along  the  hon/xmla!  motion  of  the  shotput.  Let  ♦ ! he  vertically  upward.  \\  - ycckO  . 
v.  - vsin# . 

EXECUTE:  The  horizontal  component  of  the  initial  momentum  is 

pt  = mV.  = costf- f 7.30  kg)(l  5.0  m s>cos40.0o -S3.9  kg  m s . 

The  vertical  component  of  the  initial  momentum  is  pt  -mv.  -musin0-(7.3OkgKl5.Onv's|sin4O.O&-  70.4  kg -ms 


F. N all  ATI'.:  Ihe  initial  momentum  is  directed  at 


c the  hoR/outal. 
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8.5. 


8.6. 


8.8. 


8.9. 


IDENTIFY:  Foe  each  object,  p - rut  and  K - ruv* . The  total  momentum  is  the  vector  sum  of  the  momenta  ot* 
each  object.  The  total  kinetic  energy  i s the  scalar  sum  of  tlx  kinetic  energies  of  each  object. 

SET  UP:  Let  object  A be  the  1 10  kg  lineman  and  object  B the  125  kg  lineman.  Let  *.v  be  the  object  to  the  rich*,  so 
vA  - +2.75  m s and  vfc  - -2.60  m s . 

Execute:  (u)  Pg  - mA\A,  + «***  - (HO  kgK2.75  ms)  + (125  kgK-2.60  m %)  = -225  kg  m s . The  net 
momentum  has  magnitude  22.5  kg  • m's  and  is  directed  lo  the  left. 

(b)  K - - 4(1 10  kgM2.75  m »l'  -.4(125  kgX2.60  m’*)'  -«3S  1 

EVALUATE:  The  kinetic  energy  of  an  object  is  a scalar  and  is  nev  er  negative.  It  depends  only  on  the  magnitude  ot* 
the  velocity  ot*  the  object,  not  on  its  direction.  The  momentum  of  an  cbjcct  is  a vector  and  has  both  magnitude  and 
direction.  When  two  objects  are  in  motion,  their  total  kinetic  energy  is  greater  than  the  kinclie  energy  of  either  one. 
Hut  if  they  arc  moving  in  opposite  directions,  the  net  momentum  of  the  system  has  a smaller  magnitude  than  tlx 
magnitude  of  the  momentum  of  cither  object. 

iDEVim : For  each  object  p - mv  and  tlx  net  momentum  of  the  system  w /*-/>,  ♦*  p,  • The  momentum 
vectors  are  added  by  adding  components.  The  magnitude  and  direction  of  the  net  monxntum  is  calculated  from  its 
v and  v components. 

SET  UP:  Let  object  A be  the  pickup  and  object  B be  the  sedan  v*  - - 1 4.0  m s , vA>  - 0 . vAi  - 0 , vA  - *23.0  m s . 
Execute:  (u)  Pt  = pAl  + p*  + =<2500 kg)(- 14.0 m's)  + 0* -3.50x1 04  kg  ms 

p.  * Pi,  + P*  - mAyA,  + msv*>  - |l  5CXI  kgX+23.0  mi's) » +3.45  x 104  kg  • m s 

<l»>  P - Jp:  * P - 4.91  x |04  kg  * m's  . From  Figure  8.6.  tan  0 - Hi!  ; — ^ — 1 ' * and  0 - 45.4°  . The  rxi 

v If  I 3.45x10  kg  m'i 

monxntum  has  magnitude  4.91x10*  kg 'm’s  and  is  directed  at  45.4^  west  of  north. 

Evaluate:  The  momenta  of  tlx  two  objects  must  be  added  as  vectors.  The  momentum  of  one  object  is  west  and 
tlx  other  is  north.  Hie  momenta  of  tlx  two  objects  are  nearly  equal  in  magnitude,  so  the  net  momentum  is  directed 
approximately  midway  betw  een  west  and  north. 


Figure  8.6 


iDt.YiitY:  The  average  force  on  an  object  and  the  object’s  change  in  momentum  are  rehted  by  Lq.  8.9.  The 
weight  of  the  ball  is  w = wg  . 


SET  Up:  Let  ».v  h:  in  the  direction  of  the  final  velocity  of  tlx  hall,  so  v = 0 and  vv  - 25.0  m s . 


Execute:  <£f)c<#»-rl)smv2  gives  <F«)  - 


wvv  - m\  (0.0450  kgX25.0  nvs) 


r%-f 


2.00x10  * s 


>62  N 


u - (0.0450  kgH^  SO  m's1 ) ^ 0.441  X . The  force  exerted  by  the  club  is  much  greater  than  the  weight  of  the  ball, 
so  the  effect  of  the  weight  of  the  ball  during  the  time  of  contact  is  not  significant. 

EVALUATE:  Forces  exerted  during  collisions  typically  are  very  large  but  act  for  a short  time. 
iDIAIIfrY:  ll>c  change  in  momentum.  the  impulse  and  the  average  force  arc  related  by*  Lq.  8.9. 

SET  Up:  Let  the  direction  in  which  the  hatted  hill  is  traveling  be  the  .x  direction,  so  vu  — -45.0  m's  and 


v\f  - 55.0  m s . 

Execute:  (u)  - pit  - p„  - m(vla  - vt ) - (0.145  kg  |<55.0  m s -[-45.0  m’s))  - 14.5  kg  m s . Jt  - Apt , so 

./  - 14.5  kg  ins.  Both  the  change  in  momentum  and  the  impulse  have  magnitude  14.5  kg  - m's  . 


(H>  (F,).a:l-l45k8  lf  ,72SON. 

'•  Ai  2.00x10’* 

EVALUATE:  The  force  is  in  tlx  direction  of  the  momentum  change. 

iDIAiitY:  Use  Eq.  S.9.  We  know  the  intial  monxntum  and  the  implusc  so  can  solve  fee  tlx  tlml  mimentum  and 
tlxn  the  final  wlocity. 
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8.10. 


8.11. 


8.12, 


8.1.3. 


SET  UP:  Take  tlx  .v-xxis  to  lx  toward  the  right*  so  vu  - *3.(10  m/s.  Use  Eq.  8.5  to  calculate  the  impulse,  since 
tlic  force  is  constant . 

Exec  i te:  (■>  J.apt.-Pu 

J = / (f2  -t{)  = {*25.0  N X0.050  s)  = -f  1 .25  kg  m s 
Thus  pit  -Ja  + />u  *+1.25  kg  • m/s  r <0.160  kgH*3.00  m's>  = * 1.73  kg  ms 

vi  4 - — 1 — lA  ' i + 10.8  kg  m's  (to  the  rigbt) 

m 0.160  kg 

<b|  J = Ft(l1  -lt)  = (-12.0  NM0.050 s)  - -0.600  kg  m s (negative  since  force  is  to  left) 

P..  + = -0  600  kg • ms + (0. 160  kgH*30<>  m’s) - -0.120  kg- m's 


/>%.  -0. 1 20  kg  • m's 
~ 0.1643  kg 


-0.75  ms  (to  the  left) 


Evaluate:  In  put  (at  the  impulse  and  initial  momentum  are  in  the  sanx  direction  and  vt  increases.  In  port  (b)  tlx 
impulse  and  initial  momentum  are  in  opposite  directions  and  tlx  velocity  decreases. 
lut.Mlh : The  impulse,  change  in  monxntum  and  change  in  velocity  arc  related  by  Eq.  8.9. 

SET  UP:  F - 26. 700  N and  / -0.  The  force  is  constant,  so  </  ) sf. 

Execute:  (a)  J . -■  f.Ai  -(26.700  N|<3.90 s)  =1.04.10’  N s . 


(b>  &p.  -J,  =1.04.10'  kgm*. 

40  V - uiAv  . A,-  - ^ - l 0i  -l,,"^  ln'  - 1.09  mi . 

* * ’ m 95,000  kg 

(d)  Tlx  initial  velocity  of  tlx  shuttle  isn’t  known.  The  change  in  kinetic  energy  is  A K - K:  - AT,  - v!  - vf).  It 
depends  on  tlx  initial  and  final  speeds  and  isn’t  determined  solely  by  the  change  in  speed. 

Evaluate:  The  force  in  the  fv  direction  produces  an  increase  of  the  velocity  in  the  • v direction. 

IDLN  np\ : The  fixcc  is  not  constant  so  / - f FJi  . The  impulse  is  related  to  the  change  in  velocity  by  Lq.  8.9. 


SET  Up:  Only  the  x component  of  the  force  is  nonzero,  so  J k - J F/h  is  the  only  nonzero  component  of  J 


Execute:  (.)  7,125 ” -soo Ni’. 

7 (1.25 i(‘ 

(b>  Jt  -j  Al‘dl  -i^(f‘-l‘)  -2(500  Ni;K|3.50  »]* -(2.C0  - 5.SI  x!0‘  N 

|c)  At  - iv  — % ■ - 2.70  m’s  . The  x component  of  the  velocity  of  the  rocket  increases  by 

m 2150  kg 

2.70  m’s. 

EVALUATE:  The  chinge  in  velocity  is  in  the  sanx  direction  as  the  mipulsc,  which  in  turn  » in  the  direction  of  tlx  rxt 
face.  In  this  prctolcm  the  net  force  equals  tlx  leave  applied  by  the  cngiix.  since  that  rs  the  cmly  force  on  the  nxkct. 
IDENTIFY:  Apply  Eq.  8.9  to  relate  the  change  m monxntum  of  the  momentum  to  the  components  of  the  average 
force  on  it. 

SET  UP:  Let  ♦ y be  to  the  right  and  fv  he  upward. 

EXECUTE:  (a)  j . - A/7.  -uiv*,  -n»il#  -<0.145  kg)(-J65.0  m's|cos30e - 50.0  ms)- -15.4  kg  m’s  . 

J,  - Ap.  — iVj;  -«v,,  - (0.145  kg 8(65.0  m's)sin 30^-0) -4.71  kg -m's 
Tlx  hon/ontal  component  is  15.4  ky  • m's  , to  the  left  and  the  vertical  component  is  4.71  kg  in  s . upward. 


-15.4  kg -m's 


1 * ' Ar  ” 1.75x10 


- -8800  N . r - — 


J,  4.71  kg  m's 


- 2690  N . 


Af  1.75x10  s 

Tlx  hon/ontal  component  is  8800  N,  to  the  left,  and  the  vertical  component  is  2690  N.  upward. 

EVALUATE:  The  bull  gains  momentum  to  the  left  and  upward  and  the  force  components  are  in  these  directions. 
IDE\ I1FV:  The  force  is  constant  during  tlx  1.0  ms  interval  that  it  acts,  so  J - /Af . J = /?.—/>,  = /rs(  v»  — »•,) . 
SET  UP:  Let  *.y  he  to  the  right,  so  v,t  - +5.00  m's  . Only  the  y component  of  J is  non/cro,  and 
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8.14. 


8.15. 


8.16. 


8.17. 


8.18. 


EXECUTE:  (a)  The  magnitude  of  the  impulse  is  J - Fbi  - (2.50  x 10'  NX  1.00*  10  ‘ s)  - 2.50  Ns.  Tlx  direction 
of  the  impulse  is  the  direction  of  (he  force. 

(b)(i|  iv  - — -f  »,  . J - *2.50  N s . v.  — 1- 1—  ♦ 5.00  m's  - 6.25  ms  . The  stone's  velocity  has  magnitude 

m 2. CO  kg 

6.25  m s and  is  directed  to  the  right,  (in  Now  JA  - -2.50  N - s and  v\,  — ~ ^ * + 5.00  m's  - 3.75  m's . The 
stone’s  velocity  has  magnitude  3.75  ms  and  is  directed  to  the  right. 

Evaluate:  When  the  force  and  initial  velocity  are  in  the  same  direction  the  speed  increases  and  when  iSca*  arc 
in  opposite  directions  the  speed  dxreascs. 

Idem  it Y : Apply  conservation  of  momentum  to  the  system  of  the  astronaut  and  tool. 

SET  UP:  Let  A be  the  astronaut  and  H be  the  tool  Let  r be  tie  direction  in  which  she  throws  the  tool,  so 
vfrJf  - +3.20  m's  . Assume  she  is  initially  at  rest,  so  v41i  - i j,4  - 0 . Solve  for  i4ll . 

Execute:  /*.  - 0 . P:,~  mAv*.  * = 0 ami 

12.25  kgK3.20  mi) 


I - “ 


- -0. 1 05  m s 1 ler  speed  is  0. 105  m s and  she  moves  opposite  to  the 


««  08.5  kg 

direction  in  which  she  throws  the  tool. 

Evaluate:  Her  miss  is  much  larger  than  that  of  the  tool  so  to  have  the  same  migmtodc  of  momentum  as  the 
tool  her  speed  is  much  less. 

iDSCTlfY:  Since  drag  ctTccts  arc  neglected  thete  is  no  net  ex  term  I face  on  the  system  of  squxl  plus  expelled 
water  and  the  total  momentum  of  the  system  is  conserv  ed.  Since  tlx  squid  is  initially  at  rest,  with  the  water  in  its 
cavity,  the  initial  monxntum  of  the  system  is  zero.  For  each  object.  A'  - i/irv*  . 

SET  L’P:  Let  A be  the  sqiud  and  B be  the  water  it  expels,  so  mA  - 6.50  kg  - 1 .75  kg  - 4.75  kg  .Let  * .r  be  the 
direction  m which  the  water  is  cxpcltai.  v/2j  - -2.50  m's  . Solve  for  v42> . 

Execute:  (■>/?.  - 0.  P:.  - Pl$.*o  0- . »•„.  , -2&2l - = .6,79 mfe . 

l./akg 

(b)  K,  - K„  . -rl4"*  kgK2.50  nvfc)1  *1(1.75  kgK6.79  m*)'  -55.2  J The  mitial  kinetic 

energy  is  zero,  so  tlx  kinetic  energy  produced  is  K:.  - 55.2  J . 

EVALUATE:  The  two  objects  end  up  with  momenta  thit  arc  equal  in  magnitude  and  opposite  m direction,  so  the 
total  momentum  of  the  system  rcnxuns  zero.  The  kinctx  energy  is  created  by  the  work  dux  by  the  squxl  as  it 
expels  the  water. 

iDEMltY:  Apply  conservation  of  momentum  to  the  system  of  you  and  the  ball.  In  part  (a)  both  objects  have  tbc 
same  final  velocity. 

SET  UP:  Let  ♦ * be  in  the  direction  the  ball  is  traveling  initially.  mA  - 0.400  kg  (ball).  - 70.0  kg  (you). 
Execute:  (u)  Pit  ^ Pu  gives  (0.400  kgXlO.O  m's)-  (0.400  kg  -f  70.0  kg)v,  and  v\  - 0.0568  m's  . 

|b)  Pu  = Pu  gives  10.400  kgXlO.O  m's)-  (0.400  kgK  -8.00  m's)  + (70.0  kg)vJ3  and  vja  =0.103  m's . 

EVALUATE:  When  the  ball  bounces  off  it  lias  a greater  change  in  momentum  aixl  you  acquire  a greater  final  speed. 
iDtAlltY : Apply  conservation  of  momentum  to  the  system  of  tbc  two  pucks. 

SET  Up:  Let  *.v  be  to  the  right. 

Execute:  (u)  Pit  - Pu  says  <0.250 >v4l  ^ (0.250  kgM-O. 120  m's)  -f  (0.350  kgX0.650  m s)  and  vM  - 0.790  m's  . 
(b(  K - 1(0.250  kgX0.790  m'*)1  - 0.0780  J . 

AT.  - 1(0250  kgXO. 1 20  m's)*  * 1(0.350  kgX0.650  m's)1  - 0.0757  J and  XK  - K,  - K - -0.0023  J . 

EVALUATE:  The  total  momentum  of  tlx  system  is  conserved  but  the  total  kinetic  energy  decreases. 
iDEMltY : Since  road  friction  is  neglected,  there  is  no  net  external  force  on  the  system  of  tbc  two  cars  and  tlx 
total  momentum  of  the  system  is  conserved,  fee  ca:h  object.  K - ^tuvJ . 

SET  UP:  Let  A be  the  1 750  kg  ear  and  B be  the  1450  kg  car.  Let  be  to  the  right,  so  vlf  - ♦ 1.50  m s , 

Yv it  - - 1. 10  m's.  and  YtU  - *0250  m s . Solve  for  v42t . 


EXECUTE:  tat  P - P mtvM,  +mkvAil  - +*Av§it  . i 


12. 


II 


1 “ 


(1 750  kg  Ml -50  mV) + (1450  kg*- 1. 10  m's) -(1750  kgHO.250  msi 


-0.409  m's. 


1450  kg 

After  the  collision  the  lighter  ear  is  moving  to  tlx  right  with  a speed  of 0.409  nvs. 
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<b)  K - * j«,»i  - 4(175(1  IgKl.SO  m's)’  ♦ 4(1450  kgXI.IO  mi)'  - 2S46 1 

K,  ~ TmAv‘i  =4<l -50  kg  HO.  250  m'*)’  , 4(1450  kgX0.409  n»'*>:  -I76J. 

The  change  in  kinetic  energy  ii  A K K,  - K,  - 176  J - 2846  J ^ -2670  J . 

CVAlilATE:  The  total  momentum  of  tlx  system  is  constant  because  then:  is  no  net  external  force  during  tlx 
collision.  The  kitxlic  energy  of  the  system  decreases  because  of  negativ  e \%ork  done  by  the  forces  the  cars  exert  on 
each  other  during  the  collisicei. 

8.19.  iDf.MlfrY:  Since  the  rifle  is  loosely  held  there  is  no  net  external  force  on  the  system  consisting  of  the  rifle,  bullet 
and  propellant  gases  and  the  momentum  of  this  system  » conserved.  Before  the  rifle  is  find  everything  in  the 
system  is  at  rest  and  the  initial  momentum  of  the  system  is  zero. 

SET  UP:  Let  ♦ r be  in  the  direction  of  the  bullet's  motion.  The  bullet  has  speed  60 1 m s - 1 .85  m s - 599  m s 
relative  to  the  earth.  Plt  - pit  + + pt, . the  momenta  of  the  rifle,  bullet  and  gases.  vn  & -1  >55  m’s  and 

vk  - -f 599  m s . 

Execute:  /*,.  - /».  - o p * />_  + /»„  « o . P>.  ^ -P„  - Pu  = -(2.80  kgx-l  .85  mi)  - 10.00720  kg  «S99  mi) 
and  /.»  - *5. 18  kg  • m's  - 4.3 1 kg  • mb  - 0.87  kg  m’s . The  propcllint  gases  have  momentum  0.87  kg  • m's  . in  the 
same  direction  as  the  bullet  is  traveling. 

Evaluate:  The  magnitude  of  the  momentum  of  the  recoiling  rifle  equals  the  magnitude  of  the  momentum  of  the 
bullet  plus  that  of  the  gases  as  both  exit  the  muzzle. 

8.20.  IDENTIFY:  In  part  (a)  no  hcffi/ontal  force  implies  Pt  is  constant.  In  part  ib>  use  tlx  energy  expression.  Lq.  7.14. 
to  find  the  potential  crxrgy  intially  in  the  spring. 

SET  UP:  Initially  both  blocks  are  at  rest. 


Figure  8J0 


Execute:  <u> 


<2« 


i 


TOO  kg 


M 20  mb)  - -3.60  m s 


00  kg 

Block  A has  a final  speed  of  3.60  m's,  and  moves  off  in  the  opposite  direction 
(b)  Use  energy  conservation:  AT,  ♦ Ut  + - K1  + U2 . 

Only  tlx  spring  force  docs  work  so  W’^  - 0 and  U - U4. 

K.  - 0 (the  blocks  initially  arc  at  rest  ! 

Ux  - 0 (no  potential  energy  is  lefl  in  the  spring) 


K,  - kmA,  * - 441  <")  kgi(3.60  mi)J  4-4(3.00  lcg)(l.20  mi)1  - 8.64  I 


(/,  = 6’,  A the  potential  energy  stored  in  the  compressed  spang. 

Thus  UlM  * XT*  = 8.64  J 

EVALUATE:  The  blocks  have  equal  and  opposite  momenta  as  they  move  apirt.  since  tlx  total  mcwxntum  is  zero. 
Tlx  kinetx  energy  of  each  block  is  positive  and  <kic*n*t  depend  oo  the  direction  of  the  block's  velocity.  Just  on  its 
magnitude. 

8.21.  IDENTITY:  Since  friction  at  tlx  pond  surface  is  ncglccled.  tlxrc  is  no  net  external  horizontal  force  and  the 

horizontal  component  of  the  momentum  of  the  system  of  hunter  plus  bullet  is  conserved.  Both  objects  are  initially 
at  rest,  so  the  initial  momentum  of  the  system  is  zero.  Gravity  and  the  nomial  force  exerted  by  the  ice  together 
produce  a net  vertical  force  while  the  rifle  is  firing,  so  the  vertical  ccmprxnt  of  momentum  is  not  conserv  ed. 

SET  Up:  Let  object  A be  the  hunter  and  object  B be  tlx  bullet.  Let  be  the  direction  of  the  horizontal 
component  of  velocity  of  the  hulkt.  Solve  for  vAlt . 
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8.22. 


8.23. 


8.24. 


8.25. 


EXECUTE:  <u>  - *965  mi . /?  - /.  -0.  0- w.r.* . ami 


mA  (4.20x10  * kg 
" — v42t  “ “I  — ttt: 


V 72.5  kg 


1 965  m’s)  - -0.0559  ms. 


(b>  v ...  - Vj.cos0  = (965  m's)cos560°- 540  mi . v.,  - -I  — — — — 1(540  m s)  - -0031.3  m's 


V '2.5  kg 

Evaluate:  The  mass  of  the  bullet  is  much  lew  than  the  maxi  of  the  hunter.  so  the  final  maw  of  tlx  hunter  plui 
gun  is  still  72.5  kg,  to  three  significant  figures.  Since  the  hunter  has  much  larger  mass,  her  final  speed  n much  less 
than  the  speed  of  the  bullet. 

IDEM1TY : Assunx:  the  nucleus  is  initially  at  rest.  K - -rmv*  . 

Set  Up:  Let  *.y  be  to  the  right.  vAi.  = -v.  and  vAU  - +v. . 


EXECUTE:  (a)  P,.  -0  give*  m ,y„.  * =0.  v,=|  ^ |v. . 

ih>  ^ 

K*  7 *****  mM{mAvAlmk) 

EVALUATE:  Tbc  lighter  thignxnt  has  the  greater  kinelic  energy. 

IDENTITY : Apply  conservation  of  mi>mentum  lo  the  nucleus  and  its  fragments.  The  initial  nxinxmtum  is  zero. 
The  3,4  Po  nucleus  has  mass  214(1.67x10  kg)  - 337  x 10  a kg  . where  1.67  x 10  j kg  ii  the  maw  of  a nucleon 
(proton  or  neutron ).  K - ±m\'  . 

SET  UP:  Let  ‘.y  be  the  direction  in  which  the  alpha  partxrlc  rs  emitted.  The  nucleus  that  is  left  after  the  dreay  has 
maw  m - 3.75x  10  * ky-w,  = 3.57x10*  kg -6.65x10  31  kg-3.50x!0  * kg. 


EXECUTE:  P P{  - 0 gives  mv  * ui.v  - 0 . i — — v . I’  - t— a.  - U.  1 - 1.92  x 10  ms. 

in.  ^ m.  V 6.65x10  kg 

v _ — 1 Lj  92x|q?  mx)_3 .65x10*'  ms. 

(3.50x10  *'  kg  J' 

EVALUATE:  Tbc  recoil  velocity  of  tb:  more  inaisive  nucleus  is  much  lew  than  the  speed  of  the  emitted  alpha 
particle. 

Idem  IT Y and  SET  Up:  Let  tlx  ♦ x direction  be  hcei/ontaL  along  the  direction  the  rock  is  thrown.  Hierc  is  no  net 
horizontal  force,  so  Pt  is  constant.  Let  object  A be  you  and  ctoject  B be  the  nxk. 

Execute:  0 - -m.v.  + mA\k  cos  35.0* 


mk\\  cos  35.0* 


-2.11  ms 


EVALUATE:  /*  is  not  conserved  because  there  11  a net  external  force  in  the  vertical  direction;  as  you  throw  the 

rock  the  normal  force  exerted  cci  you  by  tbc  ice  is  larger  than  tbc  total  weight  of  the  system. 

IDEVIITY:  Each  horizontal  component  of  momentum  is  conserved.  K . 

SKT  Up:  Let  *.y  be  the  direction  of  Rebecca’s  initial  velocity  and  let  tbc  ♦ y a xk  make  an  angle  of  36.9'  with 
respect  to  the  direction  of  bx  final  velocity.  vWj  - - 0.  vfcu  - 13.0  m's  ; vRl>  =0 . 

vku  - (&-0D  m s)coi53.1°  - 4. SO  mi ; vgit  - 18.OO  m's)xin53.1&  = 6.40  nvs  . Solve  for  vDU  and  vuit  . 
EXECUTE:  (u)  /f.  = Pik  gives  mkvkli  . 

mfc(v.u  - »v>.)  (45.0  kg 81 3.0  m s-  4.80  ms) 


'll “ 


65.0  kg 


-S.6S  m s . 


r;.  gives  0-mkv,,.  + iii.Vj, . . - - — • - -I  4^^  1(640 ms)  - -4.43  m s 


65.0  kg 


| 0 _ 

VM. 

4.43  m s 

VD>. 

5.6X  m s 

and  0 -38.0'  . 


>o  - J'iu  + = 7.20  m s . 


Momentum.  ImfviUc.  aiul  (’ulhisons  8-7 


8.26. 


8.27. 


8.2  A. 


(b>  K - 4nr,vi,  -^(45.1)  kgKIi.l)  m'%y  - 5 SO  - 10*  1 

Kt  - fm..L  = f<450  «CSK«-00  M)'.-(65.0  kuK7.2(l  m»|'  =3.12-10'  J . 

AAT  >S,- AT,  > -NtO  J . 

EVAlil  \TE:  Each  comranent  of  momentum  U sqmratclv  conserved.  The  Lux*  tie  encruy  of  the  system  me 


iDt.VIHA : Tlieic  is  no  net  external  foree  on  the  system  of  astronaut  plus  canister.  u»  the  mumentum  of  (he 
system  it  conserved. 

Sir  L>:  Let  object  A be  the  astnmaut  and  obyrcl  B lx  the  canister.  Atsumr  the  attninaut  is  initially  at  rest.  After 
the  collision  she  must  be  mining  in  the  same  direction  as  the  canister  Let  *x  be  the  ducctnm  in  which  the  canister 
is  traveling  initially,  so  vlt  -0 , vtit  - ♦2.40  ms  , iM#  - +*3.541  ns’s,  ard  vMlt  - +1.20  tn'%  . Solve  for  m*. 

EvicilFj  ^-0,  ^ 

ah 


•v..  3.50  ms- 1.20  nts 

Ev  U l \r  l:  She  mm t exert  a foree  nn  the  canister  in  the  - v directiim  In  reduce  it*  velocity  component  in  the 
•*  direct u ci.  lly  Newton’s  thin!  law*,  lb:  canister  exerts  a force  on  ha  that  is  in  tlx  hr  direction  and  die  cams 
velocity  in  that  directum. 

IDI-VIIEX : Thr  hori/untal  component  uf  tlic  momentum  of  lb:  system  of  the  ram  and  height  car  is  conserved. 

SET  L>:  Let  *.»  be  tlx  direction  the  car  is  moving  initially.  Dcfutv  it  lards  in  tb:  car  the  rain  has  no  nximcntuin  along 
v axis. 

EXECUTE:  (at  /*.  = /*.,  says  <24.000  kgM.OO  m/s)  = <27.000 kg>i*,.  and  v2.  =3.56  ms  . 

|b)  After  it  lands  in  the  car  the  water  must  gain  bih.'iintal  momentum,  so  the  tar  hues  horizontal  nuuixntum 
EVALUATE:  The  wriical  component  of  the  nximcnlum  is  not  consm  ed.  because  of  tlx  vertical  external  force 
everted  by  the  truck. 

IDES'IIIY:  The  r and  v compomls  of  the  momentum  of  the  system  of  the  two  asteroids  arc  separately  conserved 
Srr  UP:  The  before  and  after  diagrams  arc  given  in  Figure  8.28  and  the  choice  of  coordinates  is  indicated  Each 
astemid  has  mass  m. 

Execute:  (at  Pit  - gives  nrv4l  - nr vl3 cos 30.0*  + im^cusdS.O* . 40.0  ml  -08661,.  +0.707vja  and 
0*707 =■  40.0  m s - 0>66r . 

/J,  - A,  gives  0 = mv . . sin 30.0**  - nn . sin 45.0*  and  0.500- .%  = 0.7l>7v„*. 


Combining  these  two  equations  gives  0500i41  - 40.0  ms-  I )&t4*vll  and  »t.  - 29.3  m s . Then 

05<H) 


= 


3.707 


1 2**  j ms)  = 2117  m s 


|ht  A - inrr,,.  K.  = 


"" 


• j 

rm  Ai-  TT 


(29.3  m/s)1  + (20.7  mAi)a 
(40  0 m*y 


- 0JUM 


"-fLi-i-.-o.,*. 

* . K K, 

19.6%  of  the  original  kinetic  energy  is  dissipated  during  the  collision. 

E\ ALL  ATE:  We  could  use  any  directions  we  wish  for  the  i and  r coordinate  directions,  hm  the  pirtieular  choice 
we  have  nude  is  especially  eonv  enient 


8*8  Chapter  8 


8.29. 


8 JO. 


8JI. 


After 

Figure  8.28 

IDENTIFY:  Sinre  drug  effect*  art  neglected  th^e  is  no  net  cxtcmil  force  on  the  system  of  two  fi*h  and  the  nxmxntum 
of  the  system  is  conserved.  IK*  mcchanaral  ctvrgy  cquih  the  kirctic  energy,  which  i*  K - imr*  for  each  object. 

S»:r  t’P:  Let  object  A be  the  15.0  kg  fish  and  8 he  the  4.50  kg  fish.  Let  *.v  be  the  direction  the  large  fish  i* 
moving  initially,  so  - 1.10  m s and  v#u  - 0 . After  the  collision  flue  two  objects  are  combiivd  and  move  with 
velocity  vi . Solve  for  vJfc . 

EXF.CITF:  (■)  PXt  - Pu . mgvAU  + «,»*».  >y , . 

"Viu 


Bl 


i*  «l 


I I"  m *)  * 11  0 846mV 
15.0  kg  -t-  4.50  kg 


(b)  A'  - Tiw^  + ^Wjti  = 4(15.0  kg  1(1. 10  m s)J  = 9.0S  J . Kt  =■  f (m^  -f  »r‘  ^4(19.5  kgMO.846  mb)*  -6.9S  J . 
AA  - Aj  - A,  = -2.10  J . 2.10  J of  mechanical  energy  is  dissipated 

EVALUATE:  The  total  kinetic  energy  always  decreases  in  a collision  where  the  two  objects  become  combined. 
IDI.M1FY : There  is  no  net  external  force  on  the  system  of  the  two  utters  and  th:  momentum  of  the  system  is 
conserved.  Th:  mechanical  energy  equals  the  kinetic  energy,  which  is  A'  - iwr*  for  each  object. 

SET  t’P:  Let  A be  the  7.50  kg  otter  arxl  8 be  the  5.75  kg  otter.  After  th:  collision  their  combined  velocity  is  *\  . 
Let  ♦*  be  to  the  nght.  so  y*.  = -5.00  m s and  iJU  = -tb.00  m*s . Solve  for  vJt . 

K\«:<  t il:  (■)  /-.  ^ Pu.  «,»■„.  =(«,  * «*,)*,.  - 

4 kgX-S.OO  m„>  _0  „6m  % 

7.50  kg  -t  5.75  kg 

(b)  A - inr.vj,  * - 1(7.50  kg  1(5.00  nvi)‘  .•  -(5.75  kg M6.00  mil1  - 197.’  J . 

A'.  , l(m,  1 , ill 3.25  kgXO.226  mi)1  * 0.33S  J . 

AA  - Aj  -A,  =-197  J.  197  J of  mechanical  energy  is  dissipated 

EVALUATE:  The  total  kinetic  energy  always  decreases  in  a collision  where  the  two  objects  become  combined. 
IDEVIITY:  Treat  the  comet  and  probe  as  an  isolated  system  for  which  monxntum  is  conserved. 

SET  L’P:  In  part  (a)  let  object  A be  the  probe  and  object  8 be  the  comet.  Let  -r  be  the  direction  the  probe  is 
traveling  just  before  the  collision.  After  the  collision  the  combined  object  min  es  with  speed  »\  . The  change  in 
velocity  is  Av  - v>4  - v*u  . In  part  (at  the  impact  speed  of  37.000  kmh  is  the  speed  of  the  probe  relative  to  the 
conxl  just  before  impart:  y*.  - vAt  = -37.000  km  h . In  part  <b)  let  object  A be  the  comet  and  object  /Me  the 
earth.  Let  -r  be  the  direction  the  comet  is  traveling  just  before  the  collision.  The  impact  speed  is  40.0<Xl  km  h.  so 
- -40.000  kmh. 

Extern:  ( > t Plt  - Pu.  »•  = • 


Av 


ti. 


At 


372  kg 


1-37.000  km  ht  = -1.4x10*  kmh. 


372  kg  rU.IO*  10  kg 
flic  speed  of  the  coiwt  decreased  bv  1.4  x 10  * kmh  . This  change  is  not  noticeable 


Momentum.  Impulse.  and  Collisions 


( 40.000  knvli)  = -6.7  x 10  ' krnh  . The  speed  of  the  earth  would  change 


(b>  Av  = | i(  *5  97"  1(|.»  ^ |< -4ft  000  knvli)  - -4.7  x 10  ' km  h . The  speed  of  the  earth  would  cha 

by  6.7  x |0  * knvh . This  change  is  txit  noticeable. 

Evaluate:  i4U  - ij,.  is  the  velocity  of  the  projectile  (probe  or  comet)  relative  to  the  target  (conxt  or  earth). 

The  expression  for  Av  can  he  derived  directly  by  applying  monxntum  conservation  in  coordinates  in  which  the 
target  is  initially  at  rest. 

IDENTITY : The  forces  the  two  vehicles  exert  on  each  other  during  the  collision  are  much  larger  than  the 
horizontal  forces  exerted  by  tlx  road,  and  it  is  a good  approximation  to  assume  momentum  conscrvalicm. 

SET  L’P:  Let  * v be  eastward.  After  the  collision  two  vehicles  mov  e with  a common  velocity  v1 . 

Execute:  In*/;,  ^ Pu  S>'«  m*  >K<  ■>  m.v,.  = <«v  » m,  (v,. . 

v "».v.  <1050  bll  -15.0  P>  n 1 • 1 6* —Ci  kg)(+  i0  0 <:>  m 644  m.% 

*■  1050  kg  * 6320  kg 

The  final  velocity  iv  6.41  mil.  caMvvaid. 

„ f™,.  flOSOkn^  . 


lb)  P - y.  - 0 Civet  mv  \\.  +!•!,»!  -0  . vv  - - V.  - - - (-15.0  ms | - 2.50  in  s . The  truck 

\Mi)  \ 6320  kg  ) 

would  need  to  have  initial  speed  2.50  m»'s. 

(c»  part  <a):  \K  -4(7370  kg  116.41  m*)J  -,<1050  kgHI5.0  ml);  -4(6320  kg  Ml  0.0  ml)1  - -281  < 1 O'  J 
part  (b):  AX  - 0-±<1050  kg  1(15.0  m*)1  -$<6320  kg  M2  50  ml)1  - -1.38- 10'  ! . The  change  in  kinetic  energy 
has  the  greater  magnitud:  in  part  (a). 

Evaluate:  In  part  ta)  tlx  eastward  momentum  of  the  truck  has  a greater  magnitud:  thin  the  westward 
monxntum  of  the  car  are!  the  wreckage  moves  eastward  after  the  collision.  In  part  |b|  the  two  vehicles  have  equal 
magnitudes  of  momentum,  the  total  momentum  of  the  system  is  mo.  and  the  wreckage  is  at  res*  after  the  collision. 
IDENTITY:  The  forces  the  two  players  exert  ixi  each  other  during  the  collision  arc  much  larger  than  the  horizontal 
forces  exerted  by  the  slippery  ground  and  it  is  a good  approximition  to  assunx  monxntum  conservation.  Each 
component  of  monxntum  is  separately  conserved. 

SET  UP:  Let  *.v  be  cast  and  M be  north.  After  the  collision  the  two  players  have  velocity  . Let  the  linebacker 
be  object  A and  the  hallbxk  lx  object  B.  so  v,lt  ^ 0 . v - 8.8  m s . v*.  - 7.2  m s and  r = 0 . Solve  for 


Vj,  and  vv . 

Execute:  p ^ P.  gives  mdvAU  r «,»v 


(85  kg  K 7.2  ms) 
w.-fm.  1 10  kg  + 85  kg 


3.14  m s . 


s1'**  m*VM,  >, . 


<ll0WSms)  496mi. 
i.  + e,  1 10  kg -f  85  kg 


f = Ma  - 5.9  ms. 


4 . 96  m s 
3.14  m s 


ind  0 - 58 


The  players  move  with  a speed  of  5.9  ms  and  in  a direction  58°  north  of  cast. 

EVALUATE:  Each  component  of  momentum  is  separately  conserv  ed. 

IDENTITY:  TTierc  is  no  net  external  force  on  the  system  of  the  two  skaters  and  the  monxntum  of  the  system  is 
conserved 

SET  t’P:  Let  object  A be  the  skater  with  mass  70.0  kg  and  object  B be  the  skater  with  miss  65 .0  kg.  Let  ♦ v be  to 
the  right,  so  v4U  = +2.00  m s and  vitt  - -2.50  ms  . After  the  collision  tlx  two  objects  are  combined  and  move  with 
velocity  P?  • Solve  for  iJt . 

Execute:  p =p  mv  + m.r-  - (nr  + mjv.  . 


m ,i  *<tt  ■»  170  0 kg 82.00  m s)  +(65.0X-2.50  ms) 


lb7  m s . 


70.0  kg + 65.0  kg 


The  two  skaters  move  to  the  left  at  0 167  m s. 
Evaluate:  There  is  a large  dxreasc  in  kinetic  energy 


M- 10  ( h jpttr  X 


135. 


836. 


8-37. 


8.38. 


IDENTIFY:  Ncglccl  external  forces  during  the  collision.  Then  the  nxrnxntum  of  the  system  of  the  two  cars  is 
conserved 

si:r  UP:  m%  - 1201  kg  . m4  - 3000  kg  . The  smill  car  has  velocity  v*fc  and  the  large  cor  has  velocity  v*4  . 
EXECUTE:  (u)  The  total  momentum  of  the  system  is  c coserved,  so  the  momentum  lost  by  one  car  equals  the 
monxntum  gained  by  the  other  ear.  They  have  the  same  mignitodc  of  change  in  momentum.  Since  p - mv  and 
is  the  same,  the  ear  with  the  smillcr  mass  has  a greater  chance  in  velocity. 


Ik  and  Av.  - |&n  - 


— A 


1200  k*; 


i-2.50Ai 


( l»>  The  acceleration  of  the  small  ear  is  greater,  sirxc  it  has  a greater  change  in  velocity  during  the  collision.  The 
large  occclerjticei  means  a large  force  on  the  occupants  of  the  snail  cor  and  they  w ould  sustain  greater  injuries. 
EVALUATE:  Each  ear  exerts  the  sam:  magnitude  of  force  on  the  other  car  hut  the  foeve  on  tlie  contact  has  a 
greater  effect  on  its  velocity  since  its  mass  is  less. 

IDENTITY:  The  collision  forces  are  large  so  gravity  can  be  neglected  during  the  collision.  Therefore,  the 
horizontal  and  vertical  compocxnts  of  the  mommtum  of  the  system  of  the  two  birds  are  conserved. 

SET  UP:  The  system  before  arel  after  the  collision  is  sketched  in  Figure  8.36.  Use  the  coordimtcs  shown. 

5.0nfr 

e 

J 200  mA 


UcflMC 


M 


Figure  836 

EXECUTE:  There  IS  no  external  force  on  the  system  so  P , - P3t  and  P - P}  . 

/>.  = /;.  gives  (1.5  kgX9.0  ms) -(1.5  kg>vM#.rj cos^  and  I’^cos*  =9.0  m * . 

Pt,  -/?,  gives  (0.600  kgK20.0ms»  = {0.600kgK-5.0ms>-f(l.5kg)v,^Jsin*  and  I’.^sin^-  10.0  ms  . 

C ombining  these  two  equations  gives  land and  d - 48'  . 

9.0  m s 

EVALUATE:  I>ue  to  its  large  initial  speed  the  lighter  falcon  was  able  to  produce  a Urge  change  in  the  raven's 
direction  of  nxition. 

IDENTIFY:  Since  friction  forces  from  the  read  are  ignored,  the  v and  y components  of  momentum  are  conserved 
SET  Up:  Let  object  A be  the  subcompKl  and  ctojcct  B be  the  truck.  After  the  collisicei  the  two  objects  move 
togethrt  with  velocity  . Use  the  x and  y coordinates  given  in  the  problem,  - 0 . 

v2i  = (16.0  nvsLsin 24.0'  - 6.5  m s ; ra,  = (16.0  m s)cos24.0;  - 14.6  m s . 

Execute:  P = Plt  gives  = (m,  + m.hv . 


m 


950  kg  + 1900  kg 
950  kg 


(6.5  ms)  = 19.5  ms. 


giv 


Im 


Before  th:  collision  the  subcompact  cor  has  speed  19.5  m's  and  the  truck  has  spved  21.9  m's. 

EVALUATE:  Iioch  component  of  momentum  is  indepcndrntly  conserved. 

IDENTIFY:  Apply  conservation  of  momentum  to  the  collisicei.  Apply  conservation  of  energy  to  the  motion  of  the 
block  after  the  collision. 


VStiircntunv  Impulse.  and  Cti  Unions  M*1 1 


KJ9. 


K.40. 


Sft  Up:  Conservation  of  momentum  applied  in  the  collision  between  the  build  and  the  bk»ck  Ld  object  A be 
tlic  bullet  and  object  B br  the  Mack.  Let  i,  be  Hie  tpral  of  the  bullet  before  the  colliswn  and  let  J'be  the  speed  of 
the  block  with  the  bullet  inside  just  after  the  collision. 


Fifurr  *Ma 


Pt  is  constant  uivcs  ntva  - (nt,*  hi*  |J* . 

Conservation  ofenery>  applied  to  the  mutum  of  the  block  aftei  the  collision 


0.210  ii*- 

1 ittnre  BJSb 


EXECUTE:  Work  u done  by  fncliun  *o  IT^,  - Wf  - (/fc  cnx^h  - -J\*  - 


Uk  as  t\  a 0 (no  work  done  by  gravity) 

A'  a.  LmV:\  K:  - 0 <b!ock  las  come  to  rest) 


Tluis  iiwJ*1  - VkmS i ~ 

r - J’p.sr  - J2|Q  20)(9  80  mV  1(0.230  m)  - 0S495  mi 
Use  this  in  the  conservation  of  motmtum  equation 

,,  i i,.  i -ixi- io  i|!-i  20  kg 
I".  ) 5.00*10  kg 


(0.9495  nv'sl  = 229  ra'i 


¥\  u.t  \U : When  we  apply  conservation  of  mumentum  to  the  eolliuon  we  are  ignoring  the  impulse  of  the 
friction  force  excited  by  the  surface  during  the  collision.  This  is  reasonable  stive  this  force  is  much  smaller  than 
the  forces  the  bullet  and  block  evert  on  each  other  during  the  collision.  This  force  does  work  as  the  block  moves 
alter  the  collision,  and  takes  away  all  the  kinelic  energy 

IDEVHFY:  Apply  conservation  of  momentum  so  the  collision  and  conservation  of  energy  to  the  motion  alter  the 
collision.  After  the  collision  the  kinetic  energy  of  the  combined  object  is  converted  to  gravitational  potential 
energy. 

SIT  LtP:  Immediately  after  the  cnlli.ittin  the  combined  object  has  speed  V.  Let  h be  the  vertical  height  through 
winch  the  pendulum  rites. 

fU(  l Ft:  (a)  Conservation  of  nxinvntum  applied  to  tlv  collinon  gives 
(12.0x10  * kg)(3H0m  s) -|h  00kg  t 12.0«  10  * kg)l*  and  I*  - 0 758  m % . 

Conservation  of  energy  applied  to  Ihc  motion  afler  the  collision  gives  i and 


<0.758 
2(9. SO  mV  I 


- 0.0295  m - 2 9.1  on . 


<1*1  A = ±m,r;  = 4(12.0-10  * kgK380  m%)‘  - 866  3 . 

(c»  A = 4"ri.*  ' -4|6.<MI  kg.  12.0x10  ' kgMO.758  nvt):  = I 75  J. 

KV  Ui  HE:  Moot  of  (lie  ciin.il  kinetic  energy  tif  Ihc  Imllcl  it.  diuipatcd  in  die  culliutm 
iDt-MUV:  Each  component  of  horizontal  mnincmuin  u ciwiwncd. 

SEtUl*:  Lei  •>  he  cast  and  *v  he  nonh.  r0.  - 0 r„(  = (6.00  m %)co*37  O'  -4.79nv», 


I,; . - (6.00  mSI«n37.0°  - 3.61  nvi  . i'(1>  - (9.1X1  m'*|co*23.0° - 8.28  m y and 


v«,  - -(9  00  nv* isin 23.0  --3.52  ml  . 


EXECUTE:  P.  = P..  give*  mj\u  = (w,v0 


l:  ISO  0 ke  >4.79  in  v>  - |50Q  ke»S,28  mil 

m, 

Sam's  speed  before  the  collisuin  was  9.97  m x. 


RO.O  kg 


8-12  Chapter* 


Ml. 


ML 


Pl,mPU  Siv«  «AVAU  + WAV.0,- 

+«AvAj>  (80.0  kgX3.61  m's) + (50.0  kgX-3.52  m's> 


- 2.26  ms. 


n,  50.0  kg 

Abigail's  speed  hcfccc  ihc  collision  w m 2.26  m s. 

(b)  &X  - ~(X0.0  kg  H6.00  m'*)*  -ty(50.0  kg  M9.00  m'*)1  -1(80.0  kg((9.97  mi’s)1  -4(500  kg  X —26  m's)1.  .U--639J 
EVALUATE:  The  total  momentum  is  converged  because  then:  is  no  net  external  horizontal  force.  The  kinetic 
energy  decreases  because  the  forces  between  the  objects  do  negati\c  week  during  the  collision. 

IDSCTIFY:  When  the  spnng  is  compressed  the  maximum  amount  the  two  blocks  aren't  moving  relative  to  each 
other  and  have  the  same  velocity  l relative  to  the  surf&re.  Apply  conservation  of  momentum  to  find  I*  and 
conservation  of  energy  to  find  the  energy  stored  in  the  spnng.  Since  the  cohesion  is  elastic.  Eqs.  824  and  8.25  give 
the  final  velocity  of  each  bktek  after  the  collisxm. 
si:r  UP:  Let  ♦ x be  the  direction  of  the  initial  motion  of  A. 

EXECUTE:  (at  Momentum  conservation  gives  (2.00  kgX2.00  m s)  -(120  kg)U  and  V - 0.333  ms  Doth 
blocks  arc  moving  at  0.333  ms.  in  the  direction  of  the  initial  motion  of  block  A.  Conservation  of  energy  says  the 
initial  kinetic  energy  of  A equals  the  total  kinetic  energy  at  maximum  compression  plus  the  potential  energy  Uh 
stored  in  the  bumpers:  L(2.00  kg  |<2.00  ms)*'  -b\  + 4(12.0  kgXO.333  ms)1  and  l/*  = 3.33J. 

2.00  kg -10.0  kg 


(«»>  v.(  - 


1.33  mi 


t . -t  m 


i - - 


bn 


V-  = 


12.0  kg 
2(2.00  kgt 


2.00  in  si  - —1.33  m s . Block  A is  moving  in  the  -x  direction  at 


12.00  m s)  - +0.667  m s . Block  H is  moving  in  the  *x  direction  at  0.667  m s 


m.+JU*f  12.0  kg 

EVALUATE:  When  the  Spring  is  compressed  the  maximum  amount  the  system  must  still  be  moving  in  order  to 
conserve  momentum. 

IDLMIFY:  No  net  external  hcei/ontal  force  so  Pt  is  conserved.  Elastic  collision  so  A',  - A\  and  can  use  Eq.  8.27 

SET  UP: 


fa  ■uauiv* 


.,.-7 

EL.  ] EL 0 


□ 


t*f«C 


Figure  8.42 

EXECUTE:  From  conservation  of  x- component  of  momentum: 


t’Al 


(0.150  kgXO.80  m.*)- (0.300  kgX2.20  ms) * (0.1 50 kg)*,,.  +(0.300  kg)vJ2t 


-3.60  m's  = v\j,  + 2vWj 

From  the  relative  velocity  equation  for  an  elastic  collision  Ixj.  K.27: 

vJJ#  - vASt  = -<VJU  - v^)*  -<-2.20  m's  - 0.80  m s)  - +3.CO  m s 

3.00  mrs  = -i\fc  +vJ3l 

Adding  the  two  equations  gives  -0.60  m s — 3iJ2|  and  vJ]t  - -0.20  m s.  Then  v|j4  = vKi  - 3.00  m's  - -3.20  nv's. 
The  0. 1 50  kg  glider  ( A ) is  moving  to  the  let)  at  3 20  m s and  the  0.300  kg  glider  (/()  is  moving  to  the  left  at 

0.20  ms. 

Evaluate:  W*c  can  use  our  v4l>  and  vAlt  to  show  that  Pt  is  constant  and  A'  - A':. 

8.43.  iDLViin  : Since  the  collision  is  clastic,  both  momentum  conservation  and  Eq.  S.27  apply. 

SET  Up:  Let  object  A be  the  30.0  kg  marble  and  let  object  0 be  the  10.0  g marble.  Let  *x  he  to  the  right. 
Execute:  (a)  Conservation  of  monvntum  gives 

(00300  kg  1 0.200  m s)  + (0.010)0  kg  |( -0.400  ms)  = (0.0300  kg)v,..  +(0.0100  kg)v#J, . 

3v^.  + v#Jj  = 0200  m s . Eq.  827  says  vMU  - vAU  = -(-0.400  m s - 0.200  m s)  = +0.600  m s . Solving  this  pair  of 
equations  gives  vtil  - -0.100  m s and  vgil  = +0.500  m's  . The  30.0  g marble  is  mov  ing  to  the  left  at  0.100  m s 
and  the  10.0  g marble  is  moving  to  tbc  right  at  0.500  m's. 
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H.44. 


8.45. 


8.46. 


(b>  Far  rnarbV:  A%  APU  =(0.0300  kgX-O.lOO  ms- 0.200  mb)  = -0.00900  kg -ink  . 

For  marWc  B.  APM,  - m#MU  - m*vJU  ^ <0.0100  kgK0.500  m s - 1-0.400  m s])  - +0.00900  kg  m s . 

The  changes  m momentum  have  the  sane  magnitude  and  opposite  sign. 

(c > For  maible  A.  &K,  - - i-r.v’.  - 440.0300  lgM(0.l(»)  m*f  -|0.200  mif)  = -1.5-10 * J . 

For  marWc  B.  \K,  - intjvJ,  - im.vj,  -^(0.0100  kg)fl0.S00  m‘%f  -(0.400  mi|J)  - .4.5x10  * J . 

The  changes  m kinetic  energy  have  th:  same  magnitude  and  opposite  sign. 

EVALUATE:  The  results  of  puts  (b)  and  (c)  show  that  momentum  and  kinetic  energy  are  conserved  in  the 
collision. 

I DIN  T1FY  and  S*:r  L*P:  Without  rounding,  the  calculation  in  Example  8. 12  gives  vM  = J2Q  ms  . 
EXECUTE:  The  two  equations  in  Example  8.1 2 for  a and  ft  are 


(0500  kgK4.00  m*s)  = (0.500  kgX2.00  itVsX  cosa)  + (0300  kgXi/20  msKcos//|  Eq  I 


ind 


0a<0.500kgX2.00m^sXsina»-(0300kgX>/20  m s)sin//  Eq.  2. 
Dividing  each  equation  by  | 0.500  kgKl.OO  m.s»  gives 

4.00  - 2.00cosa  - 0.6  J20  cos  fl  Eq.  3 


and 


Eq  3 gives  cos ft  — 


4.00-2.QQeo*ff 


0- 2.00sina-0.6v(20sin//  Eq  4. 


and  cc«*  ff  - 2.222  - 2.222  ci»a  1 0.5$56cos*  a . 


0W20 

Eq  4 gives  sin  ft  _ 0.7454  sin  a and  mix1  ft - 0.55S6sinJ<r -0.5556 -0.55S6cosJ<r  . 

Adding  the  two  equations  and  using  sin*  fi  + cos*  ft  - 1 gives  1 = 2.778  - 2.222 cosr/  and  co*«  = 0.8002  . 
a = 36.9°  . Then  sin//  - 0.7454sina  gives  fi  = 26.6°  . 

EVALUATE:  For  these  v alues  of  a and  ft  . the  v component  of  nximentum.  the  y component  of  momentum  and 
the  kinetic  energy  are  all  conserved  in  the  collision. 

IDSXIIPY:  Eqs.  8.24  and  8.25  apply,  with  ctojcct  A being  the  neutron 

SET  UP:  Let ♦ x he  the  direction  of  the  initial  nxmxntum  of  the  neutron.  The  mass  of  a txutron  m - 1.0  u . 


EXECUTE:  (a)  v = 


<1 


w -f  m 


10  u -2.0  u 
1 .Out 2.0  u 


k - -v  /3.0  . The  speed  of  the  neutron  after  the  collision 


is  one  third  its  initial  spxd. 

(b»  A\  = ImS.  - 

(c»  After  a coIIumnm.  v,.  - j -L  J »-„  . — j — . to  3.0“  - 59.01X1 . n log30  - li>g  59.0(H)  and  it  = 10  . 

EVALUATE:  Since  the  coJIisxm  is  elastic,  in  each  collision  the  kinetic  energy  lost  by  the  neutron  equals  the 
kinetic  energy  gained  by  the  dcutcron. 

iDfAlltY:  Elastic  collision.  Solve  for  mass  and  speed  of  target  nucleus. 

SET  UP:  (a)  Let  A be  the  proton  and  B he  the  target  nucleus.  The  collision  is  clast*:,  all  velocities  lie  along  a line, 
and  B k at  rest  before  the  collision.  Hence  the  results  of  Eqs.  8.24  and  8.25  apply. 

Execute:  Eq.  8.24:  +vA)-wl(>,  - Vi,  |.  where  vt  is  th:  velocity  conqioncnt  of  A before  th:  collision 

and  vj4  is  the  velocity  component  of  A after  the  collisicei.  Here.  \\  = l.50x  10  m‘s  (take  direction  of  incident 
beam  to  he  positive)  and  v = -1 .20  x 10  m s I negative  since  traveling  in  direction  opposite  to  incidmt  beam). 


i.  - y 


p,  -frPu 


1.50x10’  ms*  1.20x10  ( 170 


1.50x10  ms  - 1.20  x 10  ms  ' 


0.30 


9.00m 


|h) Eq  8.25:  vAt  -1  ■ ""!  Ir-j — (1.50x10*  ms)  = 3.00x10*  mi 

\mA  + mA  J v.  m -f  9.0Cui  j 

Evaluate:  Can  use  out  calculated  v and  m to  show  that  P is  constant  and  that  K - AT. 
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8.47. 


8.48. 


8.49. 


8.50. 


IDENTIFY:  Apply  Eq.  8.28. 

SET  UP:  ^ 0.300  kg . mM  - 0.400  kg.  m,  = 0200  kg  . 


EXECUTE:  x B — 


x (0.300  kg  ll  O 201  m>-»  (0.400  kg(0.1  CO  m)  + (0.200  kgK-0.300  m>  , m 
0.300  kg  -f  0.400  kg  • 0.200  kg 

'"J’a  + 'WaXi  »V 


m 4 r in*  + 

(0.300  kgK0.300  m)-f  (0.400  kg (-0.400  m> +(0.200  kg (0.600  m> 


- 0.0550  m . 


0.300  kg  + 0.400  kg  - 0.200  kg 
EVALUATE:  There  is  mats  at  both  positive  and  negative  x and  at  positive  and  negative y and  thcrefcec  th:  center 
of  mass  ix  close  *o  the  origin. 

Identify:  Calculate  xM. 

SET  UP:  Affly  Eq.  8.28  with  the  sun  ax  mass  I and  Jupiter  as  maw  2.  Take  th:  origin  at  the  sun  ami  kl  Jupiter 
lie  on  the  positive  .Y-axis. 


ntx,  -»  it>x; 


Execute:  x - 0 and  x -7.78x10'  m 


1 1.90 x 10r  kg)|7.78x|0'  ml 

x - : til ! 7.42  x 10  m 

1.99x10“  kg  rl.90x!02  kg 

The  center  of  mass  is  7.42  x 10*  m from  tlx  center  of  the  sun  and  is  on  tlx  line  connecting  the  centers  of  the  sun 
ind  Jupiter.  The  sun’s  rxhus  is  6.96  x 10' m so  the  center  of  miss  lies  just  outxid:  th:  sun. 

Evaluate:  The  mass  of  the  sun  is  much  greater  than  the  mass  of  Jupiter  so  the  center  of  mass  is  much  closer  tc 
the  sun.  Tot  c»:h  object  vve  have  considered  all  the  mass  as  bring  at  the  center  of  mass  (geometrical  center)  of  tbc 
object. 

IDENTIFY:  Tbc  locatxm  of  the  center  of  miss  is  given  by  Eq.  8.48.  The  miss  can  be  expressed  in  terms  of  the 
diameter.  Each  object  can  be  replaced  by  a point  maw  at  its  center. 

SET  UP:  Use  coordinates  with  the  origin  at  the  center  of  Pluto  and  tbc  *.y  direction  toward  ('baron,  so  x,  - 0 
.rt  - 19.700  km  m -pV  * P^xr  * lTpxd‘ . 

( m,  \ I lpzd‘(  \ J 

"v  - «.  / ' l Tp^TZpTd!  I ' i Jl  + d: 


Execute:  x_  - 


(1250  km]1 

[2370  km|r[1250  km)1 


(19.700  kml  - 2.52  x |0;  km. 


The  center  of  miss  of  the  system  ix  2.52  x 10*  km  from  th:  center  of  Pluto. 

EVALUATE:  The  center  of  mass  is  ck>xer  to  Pluto  because  Pluto  has  marc  mass  than  C’haxxm. 

IDENTIFY:  Apply  Eqs.  8.28.  8.30  and  8.32.  There  is  only  one  corrgioncnt  of  position  and  velocity. 

SET  Up:  m , - 1200  kg  . mA  - 1800  kg  . M - ma+  mA  - 30CKI  kg  Let  x be  to  tbc  right  and  let  tbc  origin  be  at 

the  center  of  mass  of  the  station  wagon. 

Execute:  11  ‘ 24.0m. 

mt  -t  m,  1200  kg  ♦ 1800  kg 

Tlie  center  of  mass  is  between  the  two  cars.  24.0  m to  the  nght  of  the  station  wagcci  arxl  16.0  m behind  the  lad 
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8.51. 


8.52. 


8.53. 


(b>  Pt  = mAvM  + mgvM  -<1200  kg)(12.0  m'x)  + (1800  kg  X 200 nVs>- 5.04*104  kgnvs. 
Itt.Y.  tdlr.1 


(O  v 


(1200 kgX12.0  m's)*  (1800  kg  H 20.0  m s) 
I200kg*1800kn 


(<l>  Pt  =M\'m  -(3000  kg)(16.8  ms) -5.04x10*  kg -ms.  the  same  at  in  part  <b). 

Evaluate:  The  total  momentum  can  he  calculated  either  as  the  vector  sum  of  the  momenta  of  the  individual 
objects  in  the  system,  or  as  the  total  mats  of  the  system  tinxs  the  velocity  of  the  center  of  iibssl 
IDENTIFY:  Use  Eq.  S.2S  to  find  the  x and  y coordinates  of  the  center  of  miss  of  the  machine  pirt  for  each 
configuration  of  the  part.  In  calculating  th:  center  of  mats  of  the  machine  part,  each  uniform  bar  can  be  represented 
by  a point  mats  at  its  geometrical  center. 

SET  UP:  Use  coordinates  with  the  axis  at  the  hinge  and  the  *x  and  ♦ r axes  alone  the  honzontal  and  vertical  hirs 
in  the  figure  in  the  problem.  Let  (x.,y.  I and  (x,.yy ) be  the  coordinates  of  the  bar  before  and  after  the  vertical  bur 
is  pivoted.  Let  object  1 tv  th:  hcci/ontal  bar.  object  2 be  the  vertical  Kir  and  3 be  the  Kill. 

<!,»!  ’“.A,  1*1.00  kg)IO-7S(l  m>-»0«0 


.-0.333  m . 

i,  r m3  r m.  4.00  kg  + 3.00  kg  + 2.00  kg 
m r.  ■*  m. y%  -tALy,  0 + (3.00  kg  1(0.900  m>r<2.00  kgWl.80  ml 


5.700  m. 


-W.  + **:  + "*>  9.00  kg 

(4.00  kg M0. 750  ml  * <3.(0  ke|(-0.900  m)  + (2.00  kgif-l 


- -0.36b  m 


9.00  kg 


y{  = 0 . xt  - ,v  - -0.700  m and  yf  - y - -0.700  in  . The  center  of  mast  moves  0.700  m to  the  right  and  0.700  m 
upward. 

EVALUATE:  The  vertical  bar  moves  upward  aixl  to  the  nght  so  it  it  sensible  f*>r  th:  center  of  mats  of  the  machine 
part  to  move  in  these  directions. 

<a)  Identify:  Use  Eq.  8.28. 

SET  Up:  The  target  variable  is  m . 

EXECUTE:  x...  = 2.0  m.  v,M  - 0 


a^(0)  + |0.I0  kg  )(8.0  m)  0.80  kg  m 

m,  . m,  iw,  -*(0.10  kg)  ui,  - 0. 10  kg 


.r 


-2.0  m givet  2.0  m- 


0.80  kg  ’ m 

"*,+0  10  kg* 


m,  -t  0. 10  kg- 


2.0  m 


0.40  kg. 


m,  ^ 0.30  kg. 

EVALUATE:  The  cm  is  closer  to  to  its  mast  it  larger  then 

(b)  IDEMIFY:  Use  Eq.  8.32  to  calculate  P 
Setup:  »‘B=(5.0ms )/. 

p - = (0. 10  kg  * 0.30  kg )( 5.0  m s )f  = (2.0  kg  ms)/. 

(c)  IDENTIFY:  Use  Eq.  8.31. 

m i?  ^ ffj  |! 

SET  Up:  v = — — — The  target  variable  is  v . Particle  2 at  rest  says  v - 0. 

m,  fit, 

Execute:  v = | — Ip.  v ..  = j 0 ::  ^.°10  k-  ||  5.00  mV )S = (6.7  mV )i. 

Evaluate:  Using  the  result  of  put  (c)  we  cjn  calculate  p and  p.  and  show  that  P at  calculated  in  part  (b) 
dues  equal  /?,  +■  p .. 

IDENTIFY:  There  is  no  net  external  force  on  the  system  of  Janx-s.  Ramon  and  the  rope  and  the  momentum  of  the 
system  rs  ccmscrved  and  the  velocity  of  its  center  of  mast  rt  constant.  Initially  there  it  no  motion,  and  th:  velocity 
of  the  center  of  mass  remaint  zero  after  Ramon  has  ttarted  to  move. 
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8.54. 


8.55. 


8.56. 


8.57. 


SKI  UP:  Let  ♦.v  be  in  the  direction  of  RamoiTx  motion.  Ramon  has  nust  my  - 60.0  kg  and  James  has  mass 
iw,  * 90.0  kg. 

m»vti  * m.  iv 


-t  in, 


- -f  2L|vk  - -j  ^ q ^ 1(0.700  nte)  - -0.47  m* . James*  speed  ix  0.47  m's. 


L\f.CtTL  r 


EVALUATE:  /Vs  they  move.  the  two  men  have  momenta  that  are  equal  in  magnitude  and  opposite  in  direction,  and 
the  total  monxntum  of  the  system  ix  zero.  Also.  Lxample  S.14  shims  that  Ramon  moves  farther  than  James  in  the 
same  tinx  interval.  Tliix  is  consistent  with  Ramon  having  a greater  speed. 

(a)  IDKNTIFV  and  SET  Ur:  Apply  Lq.  8.28  and  solve  for  n and  m%. 

Execute:  ^ 

",IO>-’IO-50kBK6.0m) 

' ’ " v„  ~ 2.4  m 

EVALUATE:  y<m  is  closer  to  m since  iw(  > »i.y 

( l>>  iDEVnn  and  SKI  UP:  Anplv  a = d\s di  for  the  cm  motion. 


-1.25  kg  and  m = 0.7S  kg 


Execute:  n... slLsji.5  nvx‘)ri. 

(c>  IDENTIFY  and  SKI  UP:  Apply  Eq.  8.34. 

Execute:  Yf«  =.w«„.=(1.25  kgHl-S 

Al  f = 5.0  *.  = (1.25  kg)|l.5  mi‘)(3.0  i)/  = (5.6  N)i. 

EVALUATE:  is  positive  and  increasing  so  m is  positive  and  F is  in  the  +x ‘direction . There  is  no 

motion  and  no  force  component  in  the  y direction. 

iDEMIFV:  Apply  — — to  the  airplane. 


SET  Up:  — |f“  )=«"'.  1 N - I kg  • mV . 


ill 

Execute:  — =HI.50kgm»'vl»  +<0.25  kgmV')/  . F, --<I.S0N*«.  F,  - 0.25  N . F -0. 
di 

EVALUATE:  There  is  m momentum  or  change  xn  momentum  in  the  r direction  and  there  is  no  force  component 
in  this  direction. 

IDENTIFY:  Use  Eq.  S.38.  applied  to  a finite  time  interval 
SETUP:  =1600  ms 

Sm  -0.0500  kir 

Execute:  u>  f = -i> -<1600  m s> 180.0  N . 

A t 1.00  s 

(b)  The  absence  of  atnxisphere  would  not  prevent  the  rocket  from  operating.  The  rocket  could  be  steered  by 
ejecting  tlx  gas  in  a direction  with  a component  perpendicular  to  the  rocket’s  velocity  aixl  beaked  by  ejecting  it  in 
direction  parallel  (as  oppnsed  to  antiparallel)  to  the  rocket’s  velocity. 

EVALUATE:  The  thrust  depends  on  the  speed  of  the  ejected  gas  relative  to  the  rocket  and  on  the  mass  of  gas 
ejected  per  second. 

IDENTIFY:  a = - — Assume  that  dm: di  is  constant  over  the  5.0  s interval,  since m doesn’t  chingc  much 

Hi  di 


dunng  that  interval.  Tlx  thrust  is  F = -v  % — 

dt 

SET  UP:  Take  m to  have  the  constant  value  1 10  kg  70  kg  - 1 80  kg  dtrr  di  is  negative  since  the  mass  of  the 
MMU  decreases  as  gas  is  ejected. 

Execute:  (u|  — - -—a  - -J  ■ 1 v 1 x.~  ■ 1(0.029  in  s* ) - -0.0106  kg  s . In  5.0  s the  mass  that  is  ejected  is 
dt  v€%  \ 490  mi's  J 

(0.0106  kg  sHS.O  s)  - 0.053  kg  . 

|b>  F--v  — - -(490  mlOI-QOIOfikg*)-  5.19  N . 
dt 
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8.58. 


8.59. 


8.60. 


8.61. 


8.62. 


8.63. 


Evaluate:  The  mass  change  in  the  5.0  s is  a very  snail  fraction  of  the  total  mass  m.  so  it  is  accurate  to  take  m 
to  he  ccm  slant. 

IDEVTIFY  and  S*:r  Up:  Apply  Eq.  8.39:  a - -1^-1—  Solve  for  dm/  dt. 

in  dt 

Lxecutl 


dm  ™.  (6000  kgW?5.0  m'l1  ( 


* v- 


20(H)  m n 


- -75.0  ka/t 


So  in  1 s the  rocket  must  eject  75.0  kg  of  gas. 

EVALUATE:  Wo  have  jfipcoxinntod  dm/dt  by  Aii.'A/.  We  have  assumed  that  25.0  m s*  is  the  average 
acceleration  for  the  first  second. 

IDENTIFY : Use  Eq.  8.39.  applied  to  a finite  time  interv  al  Solve  for  v*  . 

Am  m 


SET  UP: 


Ar  160 


Execute:  a - -li.— . 15,1  mt  - 2.40.10'  mi  - 2.40  kmi 

m At  “ (Am/ 

Ai  ) \ 160 

EVALUATE:  The  acceleration  is  proportional  to  the  speed  of  the  exhaust  gas  and  to  the  rate  at  which  mass  is 
ejected. 

IDENTIFY  and  S*:r  UP:  {Ft,  )A/  - J relates  the  impulse  J to  th:  average  thrust  F0I  . Eq.  8.38  applied  to  a finite  time 

interval  gives  - -vM v — vt  - vm  In]  — L | . The  remaining  mass  m alter  1 .70  s is  0.0133  kg. 

At 

Execute:  (ti>  F — S.sk  N . F, IF  - 0.442 . 

At  1.70*  ’ “ 

(b)  v KOI  m.i  . 

“ -0.0125  kg 

(c>  v.  = 0 and  v = v.  In  | ^ J - I KM  millnj  ^ | - 530  mi  . 

Evaluate:  The  acceleration  of  the  rocket  is  not  constant.  It  increases  as  the  mass  remaining  decreases 
Ides iuy : v-v  - 1 in  — I . 


Setup:  »,-0. 

Execute:  Inl^U-  *m*"y  m * -3.81  and  Si  * 45.2. 

\ m I 2 1 CO  m s m 

EVALUATE:  Note  that  the  final  speed  of  the  rocket  is  greater  than  the  relativ  e speed  of  the  exhaust  gas. 
IDENTIFY  and  S*:r  UP:  Use  Eq.  8.40:  v - vt  - vm  In(/*\,/ju ) . 
v4  - 0 ("fired  from  rest"),  so  v/vM  - 
Thus  m,  fm  - er’ , or  — c ’ **•  . 

If  i’  is  the  final  speed  th:n  m is  th:  mass  left  when  all  the  fuel  lias  been  expended;  iii.'m,  is  th:  frarlion  of  the 
initial  mass  that  is  not  fuel. 

(a)  EXECl-IE:  v-  1.00.10  ‘r  - 3.00.10'  mi  gi\« 


ui.m, 


- 7.2  x 10  . 


Evaluate:  nis  is  clearly  not  feaablc.  for  so  little  of  the  initial  mass  to  not  he  fuel. 

<b)  EXECUTE:  v = 3000  ms  gives  rnfm*  - <.-<*•'**’*•***  - o 223 . 

EVALUATE:  22.3%  of  the  total  initial  miss  not  fuel,  so  77.7%  rs  fuel:  this  is  possible. 

iDE.MlfrY:  Use  the  heights  to  fuxl  v . and  v\f . the  velocity  of  the  ball  Just  before  and  (ust  after  it  strikes  the  slab. 
Then  apply  Jt  - F,&J  - Apt . 

SET  UP:  Let  * y be  downward. 
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Execute:  (u)  r«i,:  - mgh  so  v - z^lgh . 

v„  - +J2<9.K0  mV  K 2.00  m>  ^ 6.26  tit's . v3f  = -^2(9.80  mb'XL60  m)  - -5.60  nv%  . 

J^\p,~  m v2,  - v„  ) ^ <40.0  x 10  ‘ kg«-5.60  mb  - 6.26  m s)  ^ -0.474  kg  mb . 

The  impulse  is  0.474  kg* mb  . upward. 

<b)  /*  - — - " * 4 ’ -237  N . The  average  force  on  the  ball  is  237  N.  upward. 

EVALUATE:  The  Upward  force  exi  the  ball  changes  the  direction  of  its  momentum. 

8.64.  iDLVim  : Momentum  is  conserved  in  the  explosion.  At  the  highest  point  the  velocity  of  the  boulder  is  zero. 

Since  one  fragment  moves  horizontally  the  other  fragment  also  moves  horizontally.  Use  projectile  motion  to  relate 
the  initial  horizontal  velocity  of  c»:h  fragment  to  its  horizontal  displacement . 

SET  UP:  Use  coordinates  where  **  is  north.  Since  both  fragnxnts  start  at  the  same  height  with  zero  vertical 
component  of  velocity,  the  time  in  the  air.  f.  is  the  same  for  both.  Call  the  fragments  A and  B%  with  A being  the  one 
that  lands  to  the  north.  Therefore,  nt*  - 3m 4 . 


8.65. 


8.66. 


8.67. 


EXECUTE:  Apply  /f.  - P,  to  the  collision:  0 - m4v^  -t  mrfvAl  . vk,  - - — -v^  - -i*4<  /3 . Apply  proiectile  motion 

mM 

to  the  motion  after  the  colliaoo:  .v-  - v0J . Since  / is  the  some.  — - — — — - and 

v+  vfo 

(r  - i,)fc  - 1 — l<*  >3j(A-.Y,  )A  - -<274  m)/3  - -91.3  m . The  other  fragment  Iands91.3  m 

directly  south  of  the  point  of  explosion. 

EVALUATE:  The  fragment  that  has  three  times  th:  mass  travels  one-third  as  far. 

IDENTIFY:  The  impulse,  force  and  change  in  velocity  are  related  by  Eq.  8.9 
SET  UP:  m - w/g  - 0.0571  kg  . Since  the  farec  is  constant,  f-f,  . 

EXECUTE:  (u>  J =rA/  = (-380N)(300-10  1 *)  = -!. UN  *.  7 A/^<ll0N)(3.00xl0 ' 4>-0.330 N s . 

lb)  v,  = — + v.  - — 1 114  N ' + 20.0  m*  - 0.01  . r.  - — -v  a^330N_*  ^ 

m 0.05?lkS  ■'  m 0.0571kg 

Evaluate:  The  change  in  velocity  At*  is  in  the  same  direction  as  the  force,  so  Av  has  a negative  .r  component 
and  a positive  y component. 

iDt.Mih:  The  hori/coital  component  of  the  momentum  of  the  system  of  ears  is  conserved 

SET  Up:  Let  *.v  be  the  direction  the  cars  arc  traveling.  Each  ear  has  mass  itt.  Let  r,  be  the  initial  speed  of  th: 

three  cans.  v3  - Tv, . Let  .V  be  the  number  of  cars  in  the  final  collection. 

Execute:  /•„  - P. , . 1 3mir.  =(.Vm)v. . N-— i.  - 3- 1 5 . 

»,  t,/5 

EVALUATE:  In  the  complete  absence  of  friction  or  ocher  external  horizontal  forces  this  process  of  adding  cars  and 

slowing  down  continues  forever. 

iDEVnFY:  P,  = pM  f pk%  and  P.^p^+p*. 

SET  UP:  Let  object  A be  the  convertible  and  object  B be  tbe  SUV.  Let  be  wetf  and  *>  be  south.  pAl  - 0 are! 


EXECUTE:  Pk  -<8000  kg  nV*)sin60.0o-6928kg ITVS.SO  />*  -6928kg  ms  and 

6928  kg  • mb  ... 

v*  - 3.46  mi's  . 

* 2000  kg 

P - 1 8000  kg  • m/s)cos60  0°  - 4000  kg  mb , so  — 4000  kg  • mS  and  vt>  - m * - 2.67  m s . 

The  convertible  has  speed  2.67  mb  and  the  SUV  has  speed  3.46  mb. 

Evaluate:  Each  component  of  the  total  momentum  arises  from  a single  vehicle. 

IDENTIFY:  The  total  momentum  of  the  system  is  conserved  and  is  equal  to  zero,  since  the  pucks  arc  released 
from  rest. 

SET  UP:  Each  puck  has  the  same  mass  m.  Let  *.y  be  cast  and  ♦y  be  north.  Ld  ctojcct  A be  the  puck  that  moves 
west.  All  three  pucks  have  the  same  speed  v. 


8.68. 
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EXECUTE:  Pu  -75.  give*  Os-jw+jhi^  +n»vQ  and  v- v*  + vG  . - Pit  gives  0 - mvMf  +mv^  and 

Yy,  - -Va  . Since  vM  — r,  and  the y components  arc  equal  in  magnitude,  the  x campoixnLs  must  also  he  equal: 
vfc  = vCa  and  \ - vAj  + ays  - v,*4  — W2  - If  vMp  is  positive  then  v(  > is  negative.  The  angle  0 that  puck  ti 

makes  with  the  x axis  is  given  by  cos#  - - — — and  0 - 60" . One  puck  moves  in  a direction  601  north  of  cast  and 

v 


the  other  pock  moves  in  a direction  60'  south  of  east. 

EVALUATE:  Each  component  of  momentum  rs  separately  conserved. 

8.69.  IDI.VI1H : Hie  x and  v conpoocntx  of  the  momentum  of  the  system  arc  conserved. 

Sti  Up:  After  the  collision  the  combined  object  with  mass  miA  - 0.100  kg  moves  with  velocity  . Solve  fee 

vo  and  »V,  • 

Execute:  (u)  P{,  - P2k  gives  mAvA  -t  mkvAi  + m,  yCa  - mlAvu . 


m<'\u+MAV±-UW'lt 


IV  — - 


(0.020  kgK-1-50  in's)  + (0.030  kgX-0.50  ms  (cos  60°  -(0. 100  kgNO.50  m si 

0.050  kg 


ix  - 1.75  m s . 


P> "P‘.  S>‘«  ■A,**V*  'm<vc, 


.*  < ■*,. ■*  ii. , ■ . . <0.030  kg H —050  in  s isintiij1 

m 0.050  kg 


K.70. 


<l*>  'V  = -1.77  mi . AA  = A , - A, . 

AA  = 410.100  kgXO.50  m'i>*  -^(O.O’O  kg  1(1.50  ms)'  -.4(0.030X0.50  ms)'*  410.050  kgXl.77  ml)1] 

AA  = -0.092  J . 

EVALUATE:  Since  there  is  no  horizontal  external  force  the  vector  momentum  of  the  system  is  conserved.  The 
forces  the  splxrcs  exert  on  each  other  do  negative  work  during  the  collision  and  this  reduces  the  kirxtic  energy  of 
the  system. 

IDENTIFY : Use  a ctxirdinatc  system  attached  to  the  ground.  Take  the  x-axis  to  be  east  (along  the  trucks  I and  the 
v*a.\is  to  be  north  (parallel  to  the  ground  and  perpendicular  to  the  tracks}.  Ttxn  Pk  is  conserved  and  Pf  is  not 
conserved,  dtx  to  the  sideways  force  exerted  by  the  tracks,  the  force  that  keeps  tlx  handcar  on  the  tracks. 

(a)  SET  Ilf:  Let  A be  the  25.0  kg  mass  and  8 be  the  ear  (mass  1 75  kg).  After  the  mass  is  thrown  sideways  relative 

to  the  car  it  still  has  the  sanx  eastward  component  of  velocity.  5.00  m ’s.  as  it  Kid  before  it  w as  thrown. 


» 0 - 2<0mfc 


>’l  v(  5AO  If 

"■  >-□ 


iH”'1 


- 


nw 


k.fcfV- 


sTWr 

I’izure  8.70u 


Pt  is  conserved  so  ( mA  ■*  mrf  )v,  - msya>a  + »ik\ 'Aj4 

EXECUTE:  (200  kc >| 5.1X1  m i)  = (25.0  kg)(5.00  mu). ( 1 75  kg)(4J. . 


KMX,  kg  ms-125  kg  ms  _5(|0m  v 
"•  175  kg 


The  final  velocity  of  the  ear  is  5.00  m's.  east  l unchanged  !. 

Evaluate:  The  thrower  exerts  a frecc  on  tlx  nxiss  in  the  indirection  and  by  Newton's  3rd  law  the  mass  exerts 
an  equal  and  opposite  force  in  the  - v -direction  on  the  thrower  and  car. 

SET  UP:  We  are  applying  P,  - constant  in  coondimtcs  attaclxd  to  the  ground,  so  we  need  the  final  velocity  of 
A relative  to  the  gxouixl.  Use  the  relative  velocity  addition  equation.  Then  use  P.  - constant  to  find  the  final 
velocity*  of  the  car. 
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8.71. 


8.72. 


Execute?  val-vaM+wAS 
vgt£  a +5.00  ms 

vA  j - -5.00  mi's  i minus  since  the  mass  is  moving  west  relative  to  the  car).  This  gives  vA  t = 0.  the  miss  is  at  rest 
relative  to  the  earth  after  it  is  thrown  tuckwanis  fn>m  the  car. 

A*  In  pari  (■>,  (m,  ♦ m„  )v,  = m,vAtl  * 

Now  i’„.  -0.  to  ■ »!»«,. 


fit- 


±2*.  v _ “®J2  (5.00  nt*l-  5.71 
175  kg 


ms. 


The  final  velocity  of  the  car  is  5.71  itvs.  cast. 

EVALUATE:  The  thrower  exerts  a force  in  th:  -.r-darortion  so  the  mass  exerts  a force  on  him  in  the  + a*  direction 
and  he  and  the  car  speed  up. 

(c)  SET  CP:  Let  A be  the  25.0  kg  miss  and  & tv  the  car  t miss  mA  - 200  kg). 


v % = 5.0011/* 

»*,  - 6XO  nV* 

A 

before 


Figure  8.70l> 


tt\Zi 


P,  is  conserved  so  mAvMt  *f  ntgvMl  -(mA  -f  ui„  )v»4 . 
Execute:  -nAvAl  + ivr4vM  - {mA  + mrf )i2l . 


v <200kgH5.00n>Vt)-(25.0k8H6.Xm.’a).^aT„ 

201  kg  r 25.0  kg 

The  final  velocity  of  the  car  is  3.78  m s.  cast. 

Evaluate:  The  mass  has  negative  p so  reduces  the  total  P of  the  system  and  the  car  slows  down. 
iDEMltY:  The  horizontal  component  of  the  momentum  of  th:  sand  plus  railroad  system  is  conserved. 

SET  UP:  As  the  sand  leaks  out  it  retains  its  horizontal  velocity  of  1 5.0  m’s. 

EXECUTE:  The  horizontal  component  of  the  momentum  of  the  sand  doesn't  change  when  it  Vraks  out  so  the 
speed  of  the  rulrvud  car  doesn’t  change;  it  remains  15.0  ms.  In  Exercise  S.27  the  rain  is  falling  vertically  and 
initially  has  no  horizontal  component  of  momentum.  Its  momentum  changes  as  it  lands  in  the  freight  car. 
Therefore,  in  order  to  conserve  the  horizontal  monvntum  of  the  system  the  freight  car  must  slow  down. 
EVALUATE:  The  horizontal  momentum  of  the  sand  docs  change  when  it  strikes  th:  gnyund.  due  to  the  force  that 
is  external  to  the  system  of  sand  plus  railroad  car. 

iDfAlltY : Kinetic  ecvrgy  is  A'  - i«»!'  and  the  magnitude  of  the  momentum  is  p - mv  . The  force  and  the  tmv  i 
it  arts  are  related  to  the  change  in  momentum  whereas  the  force  and  distance  d it  acts  arc  related  to  the  change  in 
kinetic  energy. 

SET  Up:  Assume  the  net  forces  are  constant  and  let  the  forces  and  the  motion  be  along  the  x axis.  The  impulse- 
monvntum  theorem  then  say*  Ft  - Ap  and  the  work -energy  theorem  says  Fd  - AA' . 

EXECUTE:  (u)  ^-J<840 kgX9.0mfc)’  -3.40x|0*J  A'r  = 620 kgK5.0m  s|J  = 2.02 xl04J  . The  Nash  has 

the  greater  kirvtic  energy  and  ^2-  - 1 .68  . 

<b)  py  ^ (840  kg M90  m’s)  - 7.56  x 10*  kg  m s . f\.  * (1620  kg*5.0  m s)  = H.lOx  10*  kg  m s . The  Packard  has 


the  greater  magnitud:  of  monvntum  and  - 0.933  . 


(c)  Since  the  cars  slop  the  migrulodc  of  the  change  in  momentum  equals  the  initial  momentum.  Since  pt  > ps  . 

Ff  > F.  and  0.9J3. 

F,  P, 

(d)  Since  the  cars  slop  the  magnitude  of  the  change  in  kinetic  energy  equals  the  initial  kinetic  energy.  Since 

AT*  > K, , Fs  >F,  and  — ^£l  = 1.68. 

/..  A. 


EVALUATE:  If  the  stopping  forces  were  the  &imc.  the  Packard  would  have  a larger  stopping  time  Kit  would 
travel  a shorter  distance  whiV:  stopping.  This  consistent  with  it  having  a smaller  initial  speed. 
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8.73. 


8.74. 


IDENTIFY:  Use  the  impulse- immcnlum  theorem  to  relate  the  av  erage  force  on  the  builds  to  their  rate  of  change 
in  nxinxntum.  By  Newton's  third  law.  the  avwagc  force  the  weapon  exerts  on  the  bullets  is  equal  in  magnitude 
ind  opposite  in  direction  to  the  recoil  force  the  bullets  exert  on  the  wcapKin 

SET  UP:  Consider  a time  interval  of  1 .00  minute.  Let  * x be  the  direction  of  morion  of  the  bullets  and  use 
coordinated  fixed  to  the  ground.  The  bullets  start  from  rest. 

Execute:  f ai  - * F - ,I<MIQ*7J5- 10  _ 36.4  N . ,cco,l  force  « 36.4  N. 

60.0  i 

EVAU’ATE:  The  change  in  monxntum  for  each  bullet  is  small  since  the  mass  is  small,  but  over  16  bullets  are 
fired  per  second 

IDKMIIY:  find  k for  the  spring  from  the  forces  when  the  tranx*  hangs  at  rest,  use  cceistant  acceleration  equations 
to  find  the  speed  of  the  putty  Just  before  it  strikes  th:  frame,  apply  conservation  of  momentum  to  the  collision 
between  the  putty  and  the  frame  and  then  apply  conservation  of  energy  to  the  motion  of  the  frame  after  the  collision 
SET  Up:  Use  the  free  body  diagram  for  the  frame  when  it  hangs  at  rest  on  th:  end  of  the  spring  to  find  the  fcecc 
constant  k of  the  spring.  Let  s be  the  amount  the  spring  is  stretched. 


(th?  spine 


figure  8.74a 


Execute:  y r - mat . 
-mg  + hr*  0. 


, -g  JO-'*.!,'!--")  _ 

s 0.050  m 

SET  UP:  Next  find  th:  speed  of  the  putty  when  it  reaclxs  the  frame.  The  putty  falls  with  acceleration 
downward. 


i+ 


- 0 


0.300  in 


figure  8.74l> 


v4  - 0 

y - y4  - 0.300  m 
i = +9.S0  m'sJ 
p*7 


Execute:  v - fiaiy-  y.)  = ^2(9.80  m,sJH 0.300  m)  = 2.425  m s . 

Set  Up:  Apply  conserv  ation  of  momentum  to  the  collision  between  the  putty  {A)  and  the  frame  (By 


- 0 


before  ahtr 

figure  8.74c 


P is  conserved,  so 


Execute:  i 


-ff?  .\  . - -t  m 


.... 


ZL_  „[0-°0kg  1(2.425  mi)  - 1.3X6  nv*  . 
1 " 1 '\350  kg  w 1 


8-22  ( hapccr  8 


Ski  Up:  Apply  conservation  of  energy  to  the  motion  of  the  frame  on  the  end  of  the  spring  after  the  collision,  Lei 
point  I be  just  after  the  putty  strike*  arxl  point  2 be  when  the  frame  has  its  maximum  downward  dtsplnccnxnt.  Let 
J h:  tlx  anxrnnt  the  frame  move*  downward 


When  the  franx  is  at  position  I tlx  spring  is  stretched  a distance  v,  - 0.050  m.  When  the  frame  is  at  position  2 the 
spnng  is  stretched  a distance  x>  - 0.050  m -t  d.  Use  coordimtcs  with  the  ^direction  upward  and  y - 0 at  the 
lowest  point  reached  by  the  frame,  so  that  v - <1  and  v3  - 0.  Work  is  done  on  the  franx  by  grav  ity  and  by  the 
spnng  force,  so  -0.  and  U = Ud  +U^r 
Execute:  a:,  +vx  ♦ \v^  - A%  rfA. 

“0- 

K = iimf  = $(0,350  kg  |(1.3S6  ml)'  - 0.3362  1 . 

U, ...  - it.'  mgy,  - A(29.4  \.mM0.050  m)'  + (0.350 kgtf9.80  mb’)rf . 

U,  -0.03675  J.( 3.43  N)rf. 

V,  -l/t-  + - it.;  + mgy,  = 4( 29.4  N.m  110.050  m + d f . 

U , = 0.03675  J + ( 1 .47  N ) rf  + ( 1 4.7  Wm)d‘ . 

Thui  0-3362  J >0.03675  J *(3.43  N)rf  = 0.03675  J + (1.47  N)rf+(14.7  N'm)/ . 

(14.7  Nm|</'  -(1.96  N|rf -0.3362  1 = 0. 

d =(1/29.4  |Jl.96±  Nl'(  1 .96 - 4(  1 4.7)(  -0-3362 ) j m - 0.0667  m ± 0. 1 653  m 

The  solution  we  want  is  a positive  (downward)  distance,  so  rf  - 0.0667  m -f  0.1653  m - 0.232  m. 

Evaluate:  The  collision  is  inelastic  and  mechanical  energy  is  lost.  Thus  the  dxrcase  in  gravitational  potential 
energy  is  not  equal  to  the  increase  in  potential  energy  stored  in  the  spnng. 

8.75.  iDEMIfrY:  Apply  conservation  of  momentum  to  the  collision  and  conservation  of  energy  to  the  motxm  after  the 
collision. 

SKI  UP:  Let  *.v  be  to  the  right  Tlx  total  nuxs  is  tn  - - 1.00  kg  . The  spnng  has  force  constant 

1/  I 0 . 50  N N.  m . Let  V be  the  velocity  of  the  block  just  after  impact. 


k - 


Tvj  0.250x10  m 


Execute:  (at  Conservation  of  energy  for  the  motion  after  the  collision  gives  K - Uui . int  V1  - tAv*  and 


31X1  N.  m 

150  m l I ^ 2.60  m s 

' l.Oi  kg 


(b)  Conservation  of  momentum  applied  to  the  collision  gives  mha%1v,  - mV  . 

JnLJ..00kg,26Omi)-325  |n,t 
H.OOx  10  * kg 

EVALUATE:  The  mitial  kinetic  erxrgy  of  the  bullet  is  422  J.  The  energy  stceed  in  the  spring  at  maximum 
conqucssicoi  is  3.3S  J.  Most  of  the  initial  nxchanical  energy  of  the  bullet  is  dissipated  in  the  collision. 

8.76.  IDENTIFY:  Tlx  horizontal  components  of  momentum  of  the  system  of  bullet  plus  stone  axe  conserved.  The 
collision  rs  elastic  if  A't  = A\. 


SET  tTP:  Let  A be  the  bullet  and  B he  the  stone. 

00 


Monxntum.  Impulse,  ami  Collision*  8«2.1 


8.77. 


8.78. 


J5Q  irA 


n 


I I »•  » :«i 


EXKCUTE:  /*  is  conserved  *o 


Figure  8.76 


P,  “ coowned  «1  »V„,  * 


Hi  ' 


III 


'600*10'  leg 


(250  m's)  > IS.O  mb. 


V o.ioo  kg 

= ^21.0  mi)'  *(15.0  mi)‘  ^ 25.8  m's . 


tanfl-l±.-  ' ~ 0.7143;  tf-35.5"  (defined  in  the  sketch), 

v 21.0  in's 


(b)To  answer  this  question  compare  K and  A\  foe  the  system: 

A',  - !./» . -w,!-,  - 4|«CO < 10  ‘ kg JS0  in  i)'  - J68  J . 

K>  -T"V«  T -r(A00-10  ' kg H 250  mi)1  -.4(0.100  kgH25S  nv*J:  - 22 1 I . 

AA  - A,  - A,  ■ 22 1 J - 368  J =-14?  J . 

Evaluate:  The  kinetic  energy  of  the  system  decreases  by*  147  J as  a result  of  the  collision:  the  collision  is  not 
clastic.  Momentum  is  conserved  because  a - 0 and  t - 0.  But  there  are  internal  forces  between  the 

bullet  and  the  stone.  These  forces  do  negative  work  that  reduces  K. 

iDS.vim:  Apply  conservation  of  momentum  to  the  collision  between  the  two  people.  Apply  conservation  of 
energy  to  the  motion  of  the  stuntman  before  the  collision  and  to  th:  entwined  people  after  the  collision. 

SET  UP:  For  the  motion  of  the  stuntman,  y,  - y\  - 5.0  in  . Let  \\  be  the  magnitude  of  his  horizontal  velocity  Just 
before  the  collision.  Let  I' be  the  speed  of  the  entwined  peopV:  Just  after  the  collision.  Let  rfbc  the  distance  they 
slide  along  the  floor. 

Execute:  (u)  Motion  before  the  collision.  AT,  r L\  - K,  + U2  . - 0 and  - mg{\\  - >\) . 

V,  - J2?(V,  - r,|  - Jl< 9.S0  m*‘|(S.<l  m)  - 9.90  nv.  . 


Collision:  . J’  -^-i ..  - — — — 1(9.90  mb)  - 5.28  in*  . 


150.0  kg 

|b)  Motion  afiir  the  collision:  A,  +(/,  +H'#^  - A,  +Ut  gives  - f^m^gd  - 0 . 

V‘  _ (5.28  m*)J 

i/ ? 1 m . 

2^y  2<0.250K9.K0mV) 

EVALUATE:  Mechanical  energy  is  dissipated  in  the  inelastic  collision.  so  the  kinetic  cwrgyjusl  after  the  collision 
is  less  than  the  initial  potential  energy  of  the  stuntman. 

IDEVIIPV:  Apply  conservation  of  energy  to  th:  motion  hefcec  and  after  the  collision  and  apply  conservation  of 
momrntum  to  th:  collision. 

SET  UP:  Let  » h:  the  speed  of  the  mast  released  at  the  rim  Just  before  it  strikes  the  second  mass.  Let  each  object 
have  mass  m. 

EXEC  l TE:  Conservation  of  energy  says  ^wi1'  - trtyR:  v - yj2ymR  . 
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8.79. 


8.80. 


8.81. 


SKI  UP:  This  is  speed  ».  for  the  collision.  Ld  i\  be  the  speed  of  the  combined  object  just  after  the  collision. 


Execute:  Conservation  of  momentum  applied  to  the  collision  gives  m\\  - 2 w\  ;.  so  v2  - v,/2  - *JgR>  2 
Ski  UP:  Apfily  conservation  of  energy  to  the  motion  of  the  combined  object  after  the  collision.  I«ct  y%  be  the 
final  height  above  the  bottom  of  the  bowl. 

Execute: 


1 


' ls*l 


R,'4. 


2g  2g\  2 

Evaluate:  Mechanical  energy  is  lost  in  the  collision.  so  the  final  grav  itational  potential  energy  is  less  than  the 
initial  gravitational  potential  energy. 

IDENTIFY:  liqs.  8.24  and  8.25  give  the  outcome  of  the  clastic  collision.  Apply  conservation  of  energy  to  the 
motion  of  the  bkxk  after  the  collision. 

SKI  UP:  Object  B is  the  block,  initially  at  rest.  If  L is  the  length  of  the  wire  and  0 is  the  angle  it  makes  with  the 
vertical,  the  height  of  the  block  is  y - L<1  - cos0)  . Initially,  i,  - 0 . 


EXECUTE:  F:q.  S.25  gives  V 


2m 


ZAi 


(5.00  ms)  - 2.50  m's  . Conservation  of  energy  gives 


(2.50  ms) 


-<1.262  and  0-68. 


r"fAvi  - m - cos O) . cos 0 - I - — — - I - - 

2gL  2(9.80  m's'  )(0.500  m \ 

Evaluate:  Only  a paction  of  the  initial  kinetx  energy  of  the  hall  is  transferred  to  the  block  in  the  collision. 
Identify:  Apply  conservation  of  energy  to  tlx  motion  befeve  and  after  the  collision.  Apply  conservation  of 
monxntum  to  tlx  collision. 

SKI  UP:  First  consider  the  motion  after  the  collision.  Tlx  combined  object  has  mass  mk4  - 25.0  kg.  Apply 
t'  = mo  to  tlx  object  at  the  top  of  the  circular  loop,  where  the  object  has  speed  \\.  The  accclcratKin  is 
a - v/ 1 R.  downward. 

v» 

Execute:  T + mg  -m-j-. 

Tlx  minimum  sfxed  r,  for  the  ctojcct  not  to  fall  out  of  the  circle  is  given  by'  setting  T - 0.  This  gives  \\  - ^ Rg . 
where  R - 3.50  m. 

Ski  Up:  Next,  use  conservation  of  energy  with  point  2 at  the  bottom  of  the  loop  and  point  3 at  the  top  of  tlx 
loop.  Take  y - 0 at  point  2.  Only  gravity  does  week,  so  Ks  + U1  - Kt  + Uv 
Execute:  = +m„g{2R). 

Use  = ^Rg  and  solve  for  v2:  v,  - ^SgR  - 13. 1 m s . 

SKI  UP:  Now  apply  conservation  of  momentum  to  the  collision  between  tlx  dart  and  the  sphere.  Let  v(  be  the 
speed  of  the  dart  before  the  collision. 

EXECUTE:  (S.OO  kg>v,  ^(25.0  kg)(!3.l  m s) . 

v,  = 65.5  m's  . 

Evaluate:  The  collision  is  inelastic  and  mechanical  energy  is  removed  fn>m  the  system  by  the  negative  work 
done  by  the  forces  between  the  dart  and  the  sphere. 

I DEN  11FY:  Use  E:q.  8.25  to  find  the  speed  of  the  hanging  bull  just  after  the  collision.  Apply  ma  to  find 

the  tension  in  the  wire.  After  the  collision  the  hanging  ball  moves  in  an  arc  of  a circle  with  radius  R - 1.35  m and 
acceleration  ata£  - vm ! R . 

SKI  UP:  Let  A be  the  2 (H)  kg  ball  and  U he  the  8.00  kg  ball  For  applying  »\ a to  the  hanging  ball,  let  4y 

be  upward,  since  a . is  upward.  The  Free- body  force  diagram  for  the  8.00  kg  hall  is  given  in  Figure  8.81 . 


Execute:  t 


2i 


212  00kg  1 


1 5.00  m s)  - 2.00  m s . Just  after  the  collision  the 


2.1X1  kg  r 8.00  kg 

ball  has  speed  i - 2.00  ms  . l.'smg  the  free*  body  diagram.  Yf  - mat  gives  T-tng  - maiU  . 


* 1 


r-w|  = (S.OO kg)  9.S0mV-  — ’! 

R t 1.35  m 


^ 102  N . 


VStiircittuiiv  Impulse.  and  Calhixint  H-25 


R.M  2. 


BJU. 


Evaluate:  TTic  ten  aoo  before  live  collision  is  the  weight  of  the  hall.  ?*.4  N Just  after  the  collision,  when  the 
ball  has  started  to  nxive.  the  tension  is  greater  than  this. 


i 


- 


imp 

Eigurr  HJ5 1 

IDI.VIUI : Tlir  impulse  applied  to  the  ball  equals  its  change  in  momentum.  The  height  of  the  ball  and  its  speed 
axe  related  by  curacrvaiiun  of  energy. 

Srr  UP:  Let  ft*  be  upward. 

EXECUTE:  Applying  conservation  of  energy  Ui  the  mutiun  of  the  ball  from  its  bright  h to  the  floor  gives 
iim,'  - mgh . where  \ is  its  s|xxd  just  before  it  lots  the  flour.  Just  before  it  hits,  it  is  traveling  downward.  so  die 
velocity  of  the  ball  just  before  it  hits  the  floor  is  i\f  - —figh  . Applying  conservation  of  energy  to  thr  nwibnn  of  the 
ball  fioni  just  alter  it  bounce*  ofr the  flixir  with  speed  v.  to  its  maximum  height  of  0,9QA  gives  4fm  J - w^(O.fWA) 
It  tt  moving  upward,  so  v.f  - -t^/2jjl0.9(M?l . The  impulse  applied  to  the  ball  is  J t - p.  - pu  - nfi^  - v )- 
my]2g\0M0fi)  -f  mjlgh  - Utoujgh  The  floor  exerts  an  upward  impuLsc  of  2.76m^g*  to  the  ball. 

EVALUATE:  The  impulse  increases  when  ni  increases  and  when  ft  increases  The  hall  does  not  return  to  its  miiial 
height  because  son*  trcchanical  energy  ts  dissipated  during  the  collision  with  the  floor. 
lUEvnrv:  Apply  conservation  of  momentum  so  the  collision  between  the  bullet  and  the  block  and  apply 
conservation  of  energy  to  the  motion  of  the  block  after  the  collision 

(a)  SCT  UP:  Collision  between  the  bullet  and  the  block:  Let  objcci  A be  the  bullet  and  object  O be  the  block. 

Arply  momentum  conservation  to  find  the  speed  i\.  of  the  block  just  after  the  collision. 


:1t-4UUmk 


0 


I'O  m1' 


Euanc 

w.v  -"i 


a* 

Fizurr  8.83a 

P ii  cuiurrvcil  ui  »,«•„.  r «*i,v(„  = *r,r41j  + - 

i+»jW 

I 4.00. 10  ' kB(400n»'.-120  ») 


° 1.40  id  t . 


O-MOUg 

Str  Ll':  .Million  nf  iIk  block  allri  ihr  dillulon. 

Let  point  I in  die  nwitKin  he  just  after  the  collision,  w here  the  block  has  the  speed  1.4(1  m's  calculated  abuse, 
let  point  2 be  when:  ibe  block  has  come  to  res*. 

r ft  - 1.40  m*s 


lO 


0.430  m - 

Fignrr  8.10b 

EXEC  UTE:  Work  it  done  on  the  block  by  friction,  so  - W, . 
fl'^  -=  Wf  -(/4  cusp) is-/d  - where  f -0.450  m 

£/f  *0,  b\*  0 

Kt  * firri,'.  K1  - 0 (block  has  con*  to  rest) 

Thu.  iai’-Aimn-B 


|l.40  oi'i) 


2gj  2(‘>  K0  m»)(  0.450  m 


-0222 


8-26  Chapter  8 
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(b)  For  the  bullcL 


A,  -4m<  -4(4(10*1(1  kg |( 4(H)  mxf  - 320  J 
A,  - r(4.00xl0  1 kg}|  120  in's)*  - 28.S  J 


A A = A,  - AT,  ^ 2S.K  J-320  J - -291  J . 

The  kinctx  energy  of  the  bullet  decrease*  by  291  J. 

(c)  Immediately  after  the  collision  the  speed  of  the  block  is  1.40  m s so  its  kinetic  energy  « 


A - 4it?i' 


- H 0.800  kg  H 1 .40  m s f ^ 0.784  i 


Evaluate:  The  collision  is  highly  inelastic.  The  bullet  loses  291  J of  kinetic  energy  but  only  0.784  J xs  gained 
by  the  block.  But  momentum  is  conserved  in  the  collisxm.  AD  the  momentum  lost  by  the  bullet  is  gained  by  the 
block. 

IDENTIFY:  Apply  conservation  of  momentum  to  the  collision  and  conservation  of  energy  to  the  motion  of  the 
block  after  the  collision. 

Si:r  UP:  Let  * .v  be  to  the  right.  Let  the  bulfct  be  A and  the  blcxk  be  B.  Let  Abe  the  velocity  of  the  block  just  after 
the  collision. 

Execute:  Motion  of  block  after  the  collisxm:  A,  - - n^gh 

V - JlgTi  - ^'2|9S0  mi;  H0450x  10  ■ ml  - 0.297  in  . . 

Collision:  v**  - 0.297  m's  . Plt  - gives  m AvM  - n\Avti  *f  mAvMl . 

v . <5.00x1(1  ' ksX4SOm>)-<1.00kgM0.29?nv*|  ,a>  [_. 

m,  5.00x10  ' kg 

EVALUATE:  We  assume  the  block  nwves  very  little  during  the  time  it  takes  the  bulkl  to  pass  through  it. 
IDENTIFY:  Eqs.  8.24  and  8.25  give  the  outcome  of  tlx  clastic  collision.  The  value  of  M where  the  kinctx:  cncrgv 


loss  A of  the  neutron  is  a maximum  satisfies  dK 


d- 


-0 


SET  Up:  Let  object  A be  the  neutron  and  object  B be  the  nucleus.  Let  the  initial  speed  of  the  neutron  be  v,, . All 
motion  is  alceig  the  .v*axis.  A - 4/wv*  . 


Execute:  M v.  — — — v . . A - -«v*'  - l-lw 


Vi  + M 


ra  + 3/ 


2m*  A f . 4A>iA/ 

v ; . as 

\M+mY  (A/  -t 


vvas  to  be  shown. 


23/ 


:v 


(b)  tl/w^  - 4A;m( - 0 . 1 and  AS  -m . The  incident  neutron  loses  the  most 

dM  [(M+mY  (A/tmVj  A/  + 

kinctx  energy  when  the  target  has  tlx  same  mass  as  the  neutron. 

fc>  When  w,  - ntrf , Eq.  8.24  says  v,%  - 0 . Tlx  final  speed  of  the  neutron  is  zero  and  the  neutron  loses  all  of  its 
kinetic  energy. 

EVALUATE:  WTien  At  » in . * -vrtj  ***4  the  neutron  rebounds  with  speed  almost  equal  to  its  initial  ^ecd. 

In  this  case  very  little  kinetic  energy  is  lost;  A^  - AKjniM  . which  is  very  small. 

IDENTIFY:  Eqs.  8.24  and  8.25  give  the  outcome  of  tlx  clastic  collision. 

SET  UP:  Let  all  the  motion  he  along  the  a axis,  v -r  . 


Execute:  <a>  vA.  - 


mA  +m. 


and  vk.  - 


bn 


m . r m 


v K - f "i . 


- w.  = •«/ 1 .•  - f "'-"O' k.m* i £a-f r-ifiT . 


K>  K+m.J 


i 1» > < 1 1 lor  v Ml  . !—  0 J.d  - — : 1. 1 1 .'I  Ill,  5*1,  - — — and  At.  _ 


K,  9 
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8-87. 


8.88. 


8.89. 


K K 

(c)  Equal  sharing  of  the  kinetic  energy  nxans  l~li Lli 

A A 2 


2 ‘ 


2 m\  + 2m*  - *mAmA  - m\  + 2n\/nt  + w* . mj  - 6m^mt  + - 0 . The  quadratx  formula  give*  — - 5.83  »>r 

—A =0.1 72.  We  can  also  verify  that  these  values  give  - i 

Kt  2 

Evaluate:  When  mt  « m*  I>r  when  ma  » mrf . object  A retains  almost  all  of  the  original  kinetic  energy. 

I DEN  I1FY:  Apply  conservation  of  energy  to  tlx  motion  of  the  package  be  fixe  the  collision  and  apply 
conservation  of  the  horizontal  component  of  monxntum  to  tlx  collision. 

(a)  SEI  UP:  Apply  conservation  of  energy  to  the  motion  of  the  package  from  point  I as  it  leaves  the  chute  to 
point  2 just  before  it  lands  in  the  cart.  Take  v - 0 at  point  2.  so  y{  - 4.00  m.  Only  gravity  docs  work.  so 


Execute:  + «sw  = ywv; . 

v,  = yjv*  -t  2 g%\  - 9.35  nvs . 

<b)  SET  Up:  In  the  collision  between  tlx  package  and  the  cart  momentum  is  conserved  in  the  horizontal  direction. 
<But  not  in  the  vertical  direction,  dix  to  the  vertical  force  the  floor  exerts  on  the  cort.l  Take  to  be  to  the  nght. 
Let  A tv  tlx  package  and  B be  the  earl. 

Execute:  Pt  is  constant  gives  ni^,,  *f  m#vJU  - (m*  + )vj4 . 

vklt  = -5.00  ms. 

v^l4  - ( 3.00  m s|co*37.0‘  . tTbc  horizontal  velocity  of  the  parkage  is  constant  during  its  free-tall.) 

Solving  fee  vit  gives  vJt  = -3.29  m's.  The  curt  is  moving  to  the  left  at  3.29  m/s  after  the  pickagc  lands  in  it. 
EVALUATE:  The  cart  is  slowed  by  its  collision  with  the  parkage.  whose  horizontal  component  of  momentum  is  in 
the  opposite  direction  to  the  motion  of  the  cart. 

IDENTIFY:  Eqs.  8.24.  8.25.  and  8.27  give  tlx  outcome  of  the  clastic  collision. 

SET  UP:  Tbc  blue  puck  is  object  A and  the  red  puck  is  object  B Let  *.v  be  the  direction  of  the  initial  nxition  of  A. 

v*4i§  -<>  200  m s . vait  =0.050  m s and  »JI#  =0 

EXEC TIE:  (u)  Lq.  8.27  gives  v**.  - v*u  - Vj,,  + vA,  - 0.250  in  s . 


|b)  Kq.  K.2S  give*  <*,  =w,|  2— -1 

hi 


(O.tXlOO 


5.200  m s 


vWj  ) V l 0.250  m’sj 

Evaluate:  We  can  verify  that  our  results  give  A,  - A\  and  /f,  = Pu . 
(a)  Identify  and  set  Up:  k - 4-m *v\  + 


= 0.024  kg  . 

as  required  in  an  clastic  collision. 


Use  v*  • v,  + rtUt  and  vv  - r*  ♦ \\m  to  replace  vJ  and  vM  in  this  equal ion.  Note  r*  and  vM  as  defined  in  tlx 
problem  arc  the  vekurxties  of  A and  B in  coordinates  moving  with  the  center  of  mass.  Note  also  that 
my*  ♦ m^  - .!/»*.  where  r*.  is  the  velocity  of  the  car  in  these  coordinates.  But  that’s  zero,  so 
rrt  y*  + md\\  = 0.  we  can  use  this  in  the  proof. 


In  pirt  lb),  use  that  P is  conserved  in  a collision 
Execute:  vm  - 7*  ♦ »fcl . so>^-  v*  + -t  2r«  • r .. . 


-v’  + 


'•  - 'j*  ' K.  * 2V‘,  » 


< We  have  used  that  for  a vector  A.  A2  = A • A) 

Thus  A-fnt/  - -m,  » f m v\  Ym  - ”<.»V '*m- 


\ m*  + mM  -f  my;  + m*\J; ) + \m?A  + mA?$ ) • r .. . 


But  mA  -f  mrf  = 3/  and  as  noted  earlier  mj>\  + - 0,  so  A'  - -f  \'* ).  This  is  the  result  the 

problem  asked  us  to  derive. 

<b)  EV  ALUATE:  In  the  collision  P - X/v  a is  constant,  so  sta>s  consxant  Tltc  asteroids  can  low  all  their 

relative  kinetic  energy  but  the  must  rcmiin. 
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8.91. 


8.92. 


IDEVI1FY:  Eq.  8.27  describes  the  clastic  coll  is  ion,  with  a replaced  by  y.  Speed  and  height  are  related  by 
conservatxm  of  energy. 

s»:r  Up:  Let  ♦ y be  upward.  Let  A be  the  large  ball  and  B be  the  xtmll  ball,  so  i Jt  - -v  and  vAU  = +i . If  tlx 
large  ball  has  much  greater  mass  than  the  small  ball  its  speed  is  changed  very  little  in  the  collision  and  vA}t  - +v  . 


41. 


»-(-v)«f  v»^3v.nc  small  ball 


EXEC  I TU;  (a)  vg2f  - ya2%  •=  -{ VM0  - vMt ) gives  Yg2t 
moves  upward  with  speed  3v  after  the  collisicoi. 

( l>>  Let  ht  be  tlx  height  the  small  ball  fell  before  the  collision.  Conservalxm  of  etxrgy  applied  to  the  motion  front 
the  release  point  to  tlx  flair  gives  6’  - A':  and  mgf\  - T«iv' . f\  - — — Conservation  of  energy  applied  to  the 
motxm  of  the  small  ball  from  immediately  after  the  collision  to  its  maximum  height  A.  (rebound  distance)  gives 
A'  - U>  and  ImOv)3  - mrk. . k. — _ 9A  . The  hill’s  rebound  distance  is  nine  times  the  distance  it  fell. 


EVALUATE:  The  mechanical  energy  gained  by  the  small  hill  conxs  from  the  energy  of  the  large  bull.  But  since 
the  large  ball’s  mass  is  much  larger  it  can  give  up  this  energy  with  very  little  decrease  in  speed. 

Idem  ify  : Apply  conservatxm  of  momentum  lo  the  system  consisting  of  Jack.  Jill  and  the  crate.  The  speed  of 
Jack  or  Jill  relative  to  the  ground  will  be  ditVcrent  from  4.00  m’s. 

SET  UP:  Use  an  inertial  coordinate  system  attarhed  to  the  ground.  Let  *.v  be  the  direction  m which  the  people 
jump  Let  Jack  be  object  A.  Jill  be  B*  and  the  crate  be  C. 

EXECUTE:  la)  If  the  final  speed  of  the  crate  is  »\  vcu  - -»• . and  ya2%  - vgis  - 4.00  ms  - »• . P2t  - P,  gives 
mt vs2t  +*jVfcjt%vOjs0.  (75.0  kg  1(4.00  m’s-v)  + (4S.O  kgW4.tXI  m s - v> -t- <1 5.0  kgX-i)-0  arc! 


v , ■75.Okgt45.OkgH4.OOm>,,  , m., 

75.0  kg + 45.0  kg  r 1 5.0  kg 

(b)  Let  v be  tlx  spxd  of  tlx  crate  after  Jack  jumps.  Apply  momentum  conservation  to  Jack  jumping: 

(75.0  kr  1(4.00  m * -v’)*(60.0  kcM-i'l-0  and  i'  - 1 - " kg'lil'"'  mNI  2.22  m 1%  then  apply  motnenlum 

135.0  kg 

conservation  to  Jill  jumping,  with  i hemg  the  final  speed  of  the  crate:  Pt  - Plt  gives 
<600  kgK-v ) = (45.0  kgK4.00  m s - v)  + (15.0  kgX-i)  - 

v (4S.0kgX4.CK)  nVsH(60.0kgX2.22  m s)  c „ ^ 

60.0  kg 

(c)  Repeat  the  cakulaticvi  in  (bh  but  now  with  Jill  jumping  first 

Jill  jumps:  (4S.0  kgX4.CK>  ms + 0 kgX-»')^  0 and  /- 1.33  ms. 

Jack  jumps:  (90.0  kg  K->')  - (75.0  kgX4.00  m s - v ) -t  (15.0  kg K-v)  . 


(75.0  kg K 4 00  m s)  + 190.0  kg)(l  .33  m s)  4 66  m s 
90.0kg 

Evaluate:  The  final  speed  of  the  crate  is  greater  when  Jack  jumps  first,  then  Jill.  In  this  case  Jack  leaves  with  a 
speed  of  1.78  m ’s  relative  to  the  grvwnd.  whereas  when  tlxy  bnth  jump  simultaneously  Jack  and  Jill  each  leave 
with  a speed  of  only  0.44  m’s  relative  to  the  ground. 

iDLN  I1FY : Momentum  is  conserved  in  the  explosion.  The  total  kinetic  etxrgy  of  the  two  fragments  k Q. 

SET  UP:  Let  the  final  speed  of  the  two  fragments  be  ya  and  vg  . They  must  move  in  opposite  direct  ions  after  the 
explosion. 

Execute:  (a)  Since  the  initial  momentum  of  the  system  is  /cro.  conservatxm  of  monxntum  says  msvA  - mMVy 

i 


n 


uxl  vg  — J -L\  ya.  Ka+Km=Q  gives  ±myA+$my  | -i  | \'*Q.  imyA\\*-L\*Q  . 

Q.  — )<?-  — 

(b)  If  mM  - 4m A . then  A',  - ly  and  - Lo  . The  lighter  fragment  gets  80%  of  the  energy  that  is  released. 

Evaluate:  If  m t - the  fragments  share  the  energy  equally.  In  the  limit  that  n\d  » tlx  lighter  fragment 
gets  almost  all  of  the  released  cneruy. 


MonxtKum,  Impulse.  sxd  Collisions  8*29 


8.93. 


8.94. 


8.95. 


8.96. 


8.97. 


lD».vim  : Apply  conservation  «>f  momentum  ti>  the  system  of  the  neutron  and  it*  decay  products. 

SKI  Up:  Let  the  proton  be  moving  in  the  -.y  direction  with  speed  vf  after  th:  decay.  The  initial  mon>mtum  of  the 
neutron  ix  zero,  so  to  conserve  momentum  the  electron  must  be  moving  in  the  -a  direction  after  the  doray.  Let  the 
speed  of  the  electron  be  . 


EXECUTE:  gives  0 - - m.i,  and  \\  -|  — |i^ . Th:  total  kinetic  energy  after  th:  decay  iv 

" y"».«£  +T*v£-  -™.  f 1 •'  + 4"'.*2  - 7™/f ' * ^ I • 


Thus.  Al  ! ! 5.44  X 10  4 - 0.0544%  . 

Km  l + nr^X  1 + 1836 

EVALUATE:  Most  of  the  released  crwgy  goes  to  the  electron,  since  it  is  much  lighter  than  the  proton. 
iDt.Min : Momentum  is  conserved  in  the  decay.  The  result*  of  Problem  8.92  give  the  kinctK  energy  of  each 
fragment. 

SET  UP:  Let  A be  the  alpha  particle  and  fct  B he  the  radium  nucleus,  so  mt  - 0.0176 . Q - 6.54  x 1(1  11  J . 


Execute:  A'  - £ - 6 54x11 i .6.43x10  1 J and  A'  =0.11x10  ° J . 

4 l + uv/Mj  1 + 0.0176  9 

Evaluate:  The  lighter  partsrlc  receives  most  of  the  released  energy. 
iDLMin  : TT>c  momentum  of  th:  system  is  conserved. 

SET  UP:  Let  * .y  be  to  the  right.  P t - 0.  ptt . and  /jMi  are  the  momenta  of  the  electron,  polonium  nucleus  and 
antineutrino,  rcspeetively. 

Exit  HE:  Pu  ^ /*,  gives  |»„  ♦ P"  +p~  =0 . />_  ■ -(/>„  * pj . 

/’»=H5.60xl0  a kg  mfc+p.SOxlO  a kgl-l.14.10'  m*D  = -1.66-10"  kg  m*. 

The  anlineiMrioo  hat  momentum  lolhe  left  with  nugnitutl?  1.66.1(1  “ b m t . 

EVALUATE:  The  antmeutrino  interaets  very  weakly  with  nutter  and  mast  easily  shows  its  presence  by  the 

monxntum  it  carries  away. 

iDf.MItY:  Momentum  compoixnts  in  the  .y  and  y directions  are  separately  conserved.  l;or  an  elastic  collision 


Set  Ip:  v,,.  = =0.  ^"^cokt,  *«,  =v„nn  a »■„.  = vtlca*a . vtl,  »-vw*ina . 

sin  ’ 0 + cos’  0 - 1 . for  any  angle  0 . cost//  + //)  - cos  r/ cos  //  - sin  a sin  p . 

Execute:  (u)  Pit  - A.  give*  ntAvM  - mAvAi  cos  a + mMv0i  cos  p . 

PXf  gives  0 - mAv41  sin  a - ittgVAl  sin  p . 

(b)  - t?’ v^jcos* a + ntjvjj  cos*  //  + 2m /nwyas vMi  cosacos/f  and 

0-  + mWi sin* p- 2mAmMv^ vrf%sinr/sin/y . Adding  these  two  equations  and  using  the  trig  identities  in 

the  SIT  UP  step  give*  m>J,  - «Ji£,  + ntivjj  + 2zwiawjv42vj»cos(«  + ft). 

(c)  A*  - K . says  + rfiikvii  • The  result  in  part  lb)  agrees  with  thes  expression  only  if 


cosfa  + fl)  - 0 . This  requires  that  <r  + /*  - 90°  - — rid 

a 

Evaluate:  The  result  of  part  <c)  says  that  the  two  protons  move  in  pcrpctxlicular  directions  after  the  collision. 
iDLVIlfrY  and  SET  l>: 


Figure  8.97 


P,  and  Pt  are  conserved  in  the  collision  since  there  is  nocxtcrml  hori/xmtal  f«ce. 


8- JO  Chapter  8 


8.98. 


8.99. 


8.100. 


The  result  of  Problem  8.96  part  (d  l applies  here  since  the  coll is>on  is  clastic  This  says  that  25.CP  + 0A  - 90°.  so  that 
0A  - 65.0:.  {A  and  D move  off  xn  perpendicular  directKtm.) 

Execute:  Pt  is  conserved  so  MtvAit  -mAvtz,  ♦ ***>•*%,  * 

But  mA  -mk  so  v,  = i42  cos  25.0*  + vrficos65.0° . 

P,  “ COTOCIVCd  KI  mAv„,+  ".‘V,,  = *»»»’„, . 


D = v^sin  25.0°-  v,j  an  65.0°  . 
«•„  - (rin 25.0°/ tin  65.0®)i’  , . 


This  resuh  xn  the  first  equation  gives  vrt  - i’.,cos25.0:  ♦* 


sin  2 5.0°  cos  65.0° 
sin  65.0’ 


v^»U03v^. 

^ vM  t\.  103  « (1 5.0  m*yi.  103-1 3.6  m s . 

And  then  vw  ^(«n25.0°/s«n65.0*)(l3.6  ms)  -6.34  ms. 


Evaluate:  We  can  use  our  numerical  results  to  show  that  A',  - K1  and  that  P{,  - Pu  and  Pl  t - P2t. 

Idevi  ie\  : Since  there  is  no  friction,  the  hon/ontal  component  of  momentum  of  the  system  of  Jomthan.  Jane  and 
the  sleigh  is  conserved. 

SET  UP:  Let  ♦ * he  to  the  right.  wA  -800N  , wA  ^ 600  N and  w;  = 1000  N . 


EXECUTE:  #»  ^ P,  gives  0 - m tvAU  + mt\\u  + IW  . - 


•Vii. 


(800  NM-|5.00  ntfsJcos3O.0^}  + (600  NX+T-M  m*Icos36.95i 

ICK10N 


- -0.105  mi's  . 


The  sleigh’s  velocity  is  0.105  m s.  to  the  left. 

E VALIDATE:  The  vertical  component  of  tbe  momentum  of  the  system  consisting  of  the  two  people  and  the  sleigh 
is  not  conserved,  because  of  the  rxt  ftecc  exerted  on  the  sleigh  by  the  xcc  while  they  jump. 

IDENTIFY:  In  I:q.  8.28  treat  each  straight  piece  as  an  object  in  the  system. 

SET  UP:  The  center  of  mass  of  each  poccc  of  length  /.  is  at  its  center. 

Execute:  (u)  from  symmetry,  the  center  of  mass  is  on  the  vertical  axis,  a distance  l /..'2)cos(tfi'2)  below  the 


apex 

<b|  The  center  of  mass  is  on  the  vertical  Axis  of  symmetry,  a distance  2 {L ! 2>/3  - Li  3 above  the  center  of  the 
hcn/ontal  segment. 

(c)  Using  the  wire  frame  as  a cixirdmate  system  the  coordinates  of  the  center  of  mass  are  equal  and  each  is  equal 
to  (Lf2)i2  -Li  4 . Tlx  center  of  mass  is  along  the  bisector  of  the  angle,  a distance  L i ^8  from  the  comer. 

<d)  By  symmetry,  the  center  of  mass  is  at  tlx  center  of  the  equilateral  triangle,  a distance  { L i'3)sin6Cr  - L ( yf\2 


above  the  center  of  the  horizontal  segment. 

Evaluate:  The  center  of  mass  need  not  lx  on  any  point  of  the  object,  it  can  be  xn  empty  space. 
IDF.M1FY : There  is  no  net  hori/ceital  external  force  so  is  constant. 

SET  UP:  Let  W be  to  the  right,  wxth  the  ongin  at  the  initial  position  of  tbe  left  hand  end  of  the  canoe. 
- 45.0  kg  . in^  - 60.0  kg  . The  center  of  mass  of  the  canoe  is  at  xts  center. 


Execute: 


Initially,  v,.  - 0 . so  the  center  of  mass  doesn't  move.  Initially. 


y,i.Aftir!dw 

/w. 


walks.  . . 


m.x. 


x - A s gives  m .xM  + - m ~x .%  + . She  walks  to  a point  1 .0<l  m from 


Mi+mA 

the  right-hand  end  of  the  canoc.  so  she  xs  1 .50  m to  the  nght  of  tlx  center  of  mass  of  the  canoe  and 
xAlMXn+lS0m. 

145.0  kg 8100  m)  + (60.0  kgW2.S0  m)  = (4S.O  kgX.rw  + 1.50  m)+(60.0  kgXr*2. 


(105.0  kg)^  -127.5  kg  m and  - 1.21  m . xn  =1.21  m-  2.50  m - -1.29  m . The  canoc  moves  1 .29  m 
to  the  left. 


Mommiunv  Impulse,  and  Collisions  8-31 


8.101. 


8.102. 


8.103. 


Evaluate:  WTien  the  woman  walks  to  the  right.  th:  canoe  moves  to  the  left  The  wormn  walks  3.00  m to  th: 
right  relative  to  the  canoe  and  the  canoe  moves  1 .29  m to  the  left,  so  she  moves  3.00  m - 1.29  m - 1.71  m to  the 
right  relative  to  the  water.  Note  that  this  distance  is  | 60.0  kg  .’45.0  kgtfl  29  m) . 

IDENTITY:  Take  as  the  system  you  and  th:  slab.  There  is  no  horizontal  force,  so  horizontal  momentum  is 
conserved  By  Eq.  K.32.  P is  constant  v is  constant  I for  a system  of  constant  mass).  Use  coordinates  fixed  to 
the  ice,  with  the  direction  you  walk  as  the  ^-direction.  »•  is  constant  and  initially  v - 0. 


Figure  8. 1C  I 

mf  * "• 

+«,r4  - 0 
irr^v^  + mKv%A  - 0 . 

vu  » -( mf  fms  )»H  - -( iSmp  )2.00  ms  - -0.400  m's . 

The  slab  moves  at  0.400  m s in  the  direction  opposite  to  the  direction  you  arc  walking. 

Evaluate:  The  initial  momentum  of  th  system  is  zero.  You  gain  momentum  in  the  t- x direction  so  the  sJab 
gains  momentum  in  the  -.r -direction.  The  slab  exerts  a force  on  you  in  the  +x*dirccboa  so  you  exert  a force  on 
the  slab  in  the  -xdireclion. 

IDENTITY:  Conservation  of  r and  \ components  of  monxntum  applies  to  the  collision  At  the  highest  point  of  the 
trajectory  th  vertical  corr$u>ncnt  of  the  velocity  of  the  projectile  is  z^xo. 

SET  UP:  Let  ♦ y he  upward  aixi  *x  be  horizontal  and  to  the  right.  Let  the  two  fragments  be  A and  each  with 
mass  m.  For  the  projectile  before  the  explosion  and  the  fragments  after  the  explosion.  am  - 0%  at  - -9.80  m 's*  . 
Execute:  (I!)  vf  - I i,  + 2a t( y-v.)  w ith  vp  - 0 gives  that  th:  miximum  height  r>f  the  projectile  is 

k-~  -- J 1 244.9  m . Just  before  the  explosion  the  projectile  is  moving  to  the  right  with 

horizontal  velocity  y - vVt  - v# cos 60.0°  = 40.0  m s . After  the  explosion  vA  - 0 since  fragment  A falls  vertically. 
Conservation  of  momentum  applied  to  the  explosion  gives  ( 2/u )( 40.0  m s)  - mv  and  » - 80.0  m»* . Fragn>mt  ft 


i - .J 


has  zero  initial  vertical  velocity  so  v — y0  - v0l  ♦r of  gives  a ti 


time  of  fall  of 


2/i  I 2(244.9  m l 
7”  \ -9.80  m l 


7.07  s . Dunne  this  time  the  fragment  travels  horizontally  a distance 


(80.0  m *X?.07  s)  - 566  m . It  also  took  the  projectile  7.07  s to  travel  from  launch  to  maximum  height  and  during 
this  time  it  travels  a horizontal  distance  of  ((80.0  m sjeos  60.0° X 7.07  s)  - 2K3  m . The  second  fragment  lands 
283  m -t  566  m - 849  m from  the  firing  point. 

|h>  For  the  explain.  K,  - i(20.0  kg M 40  0 ml);  = 1.60x10*  J.  K-.  - 2(10.0  kgMKO.O  nvi>;  - 3.20  - 10*  1 . The 
energy  relented  in  Ihe  expiation  it  1.60x  10*  i . 

EVALUATE:  The  kinetic  energy  of  the  projectile  JtiU  after  il  it  launched  ix  6.40  • 10'  J We  can  calculate  the 
speed  of  each  fragment  just  be  fere  it  strikes  the  ground  and  verify  that  the  total  kinetic  energy  of  the  fragments  just 
before  they  strike  the  ground  is  6.40 x 10*  J + 1.60  * 10*  J - 8.00  * 104  J . Fragment  A has  speed  69.3  m's  just  before 
it  strikes  the  ground,  and  hence  his  kinetic  energy  2.40  x I04  J . Fragment  ft  has  speed 

JiSO.O  mi)'  r<69.3  m'x)J  - 105  m 's  just  before  it  strikes  the  ground,  and  hetxc  has  kinetic  energy  5.£flx  104  J 

Also,  the  center  of  mass  of  the  system  has  the  same  horizontal  range  R - il*in(  2r/,)  - 565  m that  the  projcctik 

would  haw  had  if  no  expkision  lud  occurred.  One  fragment  lands  at  Rf  2 so  the  other,  equal  mass  fragment  lands 
it  a distance  3J?/2  from  the  launch  point. 

IDEMITY:  The  rocket  moves  in  projectile  motion  before  the  cxplosxm  and  its  fragments  move  in  projectile 
motxm  alter  the  explosion.  Applv  conservation  of  energy  and  conservation  of  momentum  to  the  explosion. 


8-32  Chapter  8 


8.1IV4. 


8-1  >5. 


SET  UP:  Apply  conservation  of  energy  to  the  explosion.  Just  before  the  expiation  the  shell  is  at  its  imximum 
height  and  has  zero  kinetic  energy.  Let  .*1  be  the  piece  w ith  mats  1.40  kg  and  B be  the  piece  with  mass  0.2S  kg.  Let 
vA  and  V(  be  the  speeds  of  the  two  pieces  immediately  after  the  collisicei. 

Execute:  ?mAvA  + - $60  i 

SET  UP:  Sirxe  th:  two  fragments  reach  the  grourel  at  the  same  time,  their  velocities  just  after  the  explosion  must 
be  horizontal.  The  initial  momentum  of  the  shell  before  the  explosion  is  zero,  so  after  the  explosion  the  pieces  must 
be  moving  in  opposite  horizontal  directions  and  have  equal  imgmtude  of  momentum:  mAvA  - tnkvg. 

EXECUTE:  Use  this  to  climimte  r,  in  the  first  equation  and  solve  for  v,: 

tjvrjV^I  + mA  fmt ) - 860  J and  vM  - 71 .6  info. 

Then  vA  - (ui*  t n4jvj  - 1 4.3  m s. 

<b>  SET  UP:  Use  the  vertical  motion  from  the  maximum  height  to  the  ground  to  find  the  tint*:  it  takes  the  pieces  to 
fall  to  the  ground  after  the  explosion.  Take  +y  downward. 

v0  - 0.  a,  - *9.80  m*\  y-y0  - 80.0  m.  t -? 


Execute:  y-y0  - r ^at  gives  / - 4.04  s. 

During  this  tinx  the  hon/ontal  distance  each  piece  moves  is  xA  - vj  - 57.8  m and  xA  - v*f  = 289.1  m.  They  move 
in  opposite  directions,  so  they  arc  x4  347  m apart  when  they  land. 

Evaluate:  Fragment  A has  more  mass  so  it  is  moving  slower  right  after  the  collision,  aixl  it  travels  horizontally 
a smaller  distance  as  it  falls  to  the  ground. 

IDENTIFY:  Apply  conservation  of  momentum  to  the  collisicei.  At  the  highest  paint  of  its  trajectory  the  shell  is 
moving  horizontally.  If  one  fragment  received  some  upward  momentum  in  the  collision,  the  other  fragment  wouki 
have  had  to  receive  a downward  component.  Since  they  each  the  ground  at  the  same  time,  each  must  have  zero 
vertical  velocity  immediately  after  the  explosion. 

SET  UP:  Let  he  horizontal,  along  the  initial  direction  of  motion  of  the  projectile  and  Vrt  *y  be  upward.  At  its 
maximum  height  the  projectile  his  vt  - vcos 55.0°  - 86.0  m's  . Let  the  heavier  fragnxnt  be  .*1  and  th:  lighter 
fragment  be  B.  mg  - 9.00  kg  and  m,  = 3.00  kg  . 


EXECUTE:  Since  fragment  .1  returns  to  the  launch  pnint.  immediately  after  the  explosion  it  has  vAi  - -86.0  m s . 
Conservation  of  momentum  applied  to  the  explosion  gives 

(12.0  kgX86.0  in  s)  - <9.1X1  keX-86.0  m si  + (3.(0  kgVv’  and  v - 602  ms  . The  horizontal  range  of  the 


nnMcctilc.  it  no  explosion  occurred,  would  be  a s:n|2a( ) - 2157  m . fhc  horizontal  distance  each  fragment 


travels  is  proportional  to  its  initial  sp^  and  the  heavier  fragment  travels  a horizontal  distance  R>  2 - 1078  m after 


the  explosion,  so  the  lighter  fragment  travels  a hon/ontal  distance 


( 602 
I *86 


i: 


(1078  m l - 7546  m from  the  point  of 


explosion  and  1078  m + 7546  in  - 8624  m from  the  launch  point.  The  energy  released  in  the  explosion  is 
Kl - K - i(9O0  kg)(86.0  m1*)'  »i(3.00  ks«60’ m.)'  -4.(12. 0 kgXS6.0  mrf  ^5.33 . 101  J . 

Evaluate:  The  center  of  mast  of  the  system  has  the  same  horizontal  range  R - 2 157  m as  if  the  explosion 
didn’t  occur  This  gives  (12.0  kgX2l57  ml  - (9.00  kgX0)+  (3.(0  kgii/  and  d - 8630  m . where  <i  is  the  distance 
from  the  launch  point  to  where  the  lighter  fragment  lands.  This  agrees  w ith  our  calculation. 

IDI-N I1FY:  No  external  force,  so  P is  conserved  in  the  collision 
SET  Up:  Ak»Iv  momentum  conserv  ation  in  th:  x and  t directions: 


s-e-. 


tetixc 


Figure  8.105 


Solve  for  v and  va. 


Vfcinxr.tunv  Impulse,  sxd  Collisions  8*3J 


8.106. 


EXECUTE:  P,  is  conserved  so  m\\,  - «i|  v,cos45*r  i*,  cos 1 0*+  v, cos 30* ) . 

>i  - v,  cos  I o-  - \\  co*4S°  + v:  co*30°  . 

1030.4  m*  - »*,  cos  45°  + va cos30° . 

P,  is  conserved  so  0 - m | ( v,  sin  45*  - \\  sin  30°  -t  v(  sin  10*) . 
v,  sin 45°  = Vj  sin  30°  - 347.3  m s . 
sin45° -cos 45*  so 

1030.4  ms-  »\ sin 30° -347.3  m's-t  ijcos30°. 

1030.4  m s r 347.3  ms 


1010  in  s . 


sin  30°  -cos  30.0* 


And  then  % - — ! _1_  - 223  m s Then  two  cnuttc<i  neutrems  have  speeds  of  223  m s and  1010  m s 

sin  45° 

The  speeds  of  the  Ua  and  Kr  nuclei  are  related  by  P,  conservation. 

P is  constant  implies  that  0 - - mh  v- 


^ , 2.3x10“*  kg 


i i i.5xlU 

We  can’t  ay  what  these  speeds  arc  but  they  must  satisfy  this  relation.  The  value  of  depends  on  enemy 
considerations. 

Evaluate:  AT,  -4)11,(1.0.10'  ml)'  -(-I.S-IO*  Jlg)m.. 

A,  -r»>.(2  0xl0'  ml)  »4m.(223  ml)'. 4^,(1010  ml)' * A*  *KU  = {2.5*10*  Jkg)m.  r A_  .A'„ 

We  don’t  know  what  A'^  and  KKi  are.  but  they  are  positive.  We  will  study  such  nuclear  reactions  further  in 
Chapter  43  and  will  find  that  enemy  is  released  m this  process;  A'j  > A,.  Some  of  the  potential  energy  stored  in  the 
' 4U  nucleus  is  released  as  kinetic  enemy  and  shared  by  the  collision  fragments. 

iDP.viiJY:  The  velocity  of  the  center  of  mass  of  the  system  of  the  two  blocks  is  given  by  fcq.  8.30.  Conservation 
of  momentum  says  the  center  of  mass  moves  at  constant  speed 

SKT  UP:  yau  - v*  % v#u  - 0 . The  velocity  u in  the  center  of  mass  frame  is  related  to  tlx  velocity  r in  the 

stationary  frame  by  U • 1 - 1 b . We  ean  express  kinetic  energy  as  K - ± — 


Execute:  (u>  ym  = — 

lb)  The  center  of  mass  moves  with  constant  speed  so  this  coordinate  svstem  is  an  inertial  frame 


— - - W|V " ln  «!■»  fant  *!.  - "Vai.  "O- 


m.tm, 

ld>  Pi.  ~pu  S'1®  Pm.-* Pm.  =0  ■utd  Pt,.*P„.  =0*'°  PAl,-~P„.  P„ , = ~P„.  ■ Comcivalmn of 
kinclK  energy  giw:*  Sjh. + . Using  p„,  and  /•„. --p„.  give*  p',t.  - p'M.  anil 

«W4  1/Ny.  — ftt>4  lM\y 

P„.  ~ tP,i.-  If » collision  ocau*  pu  change*  and  pa,*-pAU.  Bui  and  o 

pWl  - -pJU  . In  the  center  of  mass  frame  the  momentum  and  hence  the  velocity  of  each  puck  keeps  the  sanx 
magnitude  and  reverses  direction. 


m>8 . ii ..  - 6.00  m s - 4.00  nvs  - 2.1X1  m s . 


0.600  kg; 

'aw  -0-4.00  ms  - -4.00  m s . uA2t  = —2.00  m s and  - *4.00  ms 


uAl.  * v - -100  m s * 4.00  m s - 2.1X1  m s . vMU  - ukli  + v - 4.00  m s * 4.00  m s - 8.00  m s . 


0.400  ks- 0.200  kc 

l!a  K.24  says  »\*  - — 1(6.00  ms)  - 2.00  m s . Eq.  8.25  says 


0.400  kg  1 0.200  kg 
2(0.400  kg] 


’ 0.4X1  kc  r (1.200  kg 


(6.00  ms)  - 8.00  m s . (Xir  result  agrees  with  Lqs.  8.24  and  8.25. 


M4  Chapter  8 


Evaluate:  Lqs.  8.24  and  8.25  apply  only  when  vM  - 0 . Tbc  result  that  the  velocity  of  each  pock  in  the  center 
of  mass  franx  reverses  direction  and  retains  the  same  magnitude  applies  to  all  clast*:  collisions,  even  when  both 
arc  moving  initially. 

<.107.  I DEV  I m and  SET  Up:  Apply  conservation  of  energy  to  find  the  total  etvrgy  before  jnd  after  the  collision  with 
the  floor  from  the  initial  and  final  maximum  bright*. 

Execute:  (u | Objects  stick  together  says  that  the  relative  speed  after  the  collisiim  is  zero,  so  e - 0. 

0»)  In  an  elastic  collision  the  relative  velocity  of  the  two  bodies  has  the  same  magnitude  before  aixl  after  the 
collision,  so  < = l. 

(c)  Speed  of  ball  just  before  collision:  mg/ i - i«i',‘  . 

Speed  of  boll  just  after  collision:  wg//,  — jfliv{ . 

The  second  object  (the  surface)  is  statxmary,  so  € - fvt  - yfJTTh. 
id)  implies  //,=***  =(1.2  m)(0.8S):  ^0.87  m . 

it)  //,=/lc\ 

//,  = = ht*  . 


8.108. 


8.109. 


Generalize  to  H%  - y - A c**' V = ht1' . 

(0  Kth  bouDoe  implies  n =8 . 

U%  ^ ^ |.2  m(0.85)“  = 0.089  m . 

Evaluate:  € is  a measure  of  the  kinetic  energy  lost  in  the  collision.  The  collixicei  here  is  between  a ball  and  the 
earth.  Momentum  lost  by  the  bull  is  gained  by  the  earth,  but  the  velocity  gained  by  the  earth  is  very  small  and  can 
be  taken  to  be  zero. 

iDEMin : Momentum  is  conserved  in  the  collision.  Conservation  of  energy  say*  - A'.  + A . 

SET  UP:  For  part  (b)  let  v,  be  the  common  speed  of  each  atom  before  tbc  collision  and  let  I*  and  r,  h:  tb: 
velocities  after  the  collision  of  the  molecule  and  tb:  atom  that  rermins.  ui  - 1.67  x 10  ‘ kg  is  the  mass  of  one 
hydrogen  atom. 

EXECUTE:  (u)  In  the  center  of  miss  frame  Pu  = 0 so  Plh  = 0 and  - 0 . But  in  this  franx  the  potential  energy 
decreases  and  the  kinetic  energy  increases.  This  ix  inronsixtent  with  Klam  = ~ 0 . 

<b)  Before  the  collision  v B - 0 . After  the  collision  the  molecule  and  remunmg  atom  move  in  opposite  directions 
and  (2ni  >K  - mvi ; v>  = 2V  . Conservation  of  energy  give*  $<2  m)V3  + f»v{  = X$mv*  )*tA.  With  v,  = 2V  this 

becomes  V*  mini  e — . Vm  Jin .00 x 10*  mrs>*  + = I20x  10*  m s and  »\  - 2 V - 2.40  x 10*  ms  . 

7 # 3m  3(1.67*10  ) 

Evai.1' 'ATE:  K « 3(-imvj  ) = 2.50*  10  ; J . which  is  much  less  than  the  binding  energy  of  the  molecule.  Other 

initial  conditions  also  lead  to  molecule  formation;  the  one  of  zero  initial  mommtum  is  just  particularly  simple  to 
analyze. 

Idin  nr\:  Apply  conservation  of  energy  to  the  motioo  of  the  wagon  before  the  collision.  After  tb:  collision  the 
combined  object  moves  with  constant  speed  on  the  level  ground.  In  tb:  collision  the  horizontal  component  of 
monxntum  is  conserved. 

SET  UP:  Let  tbc  wagon  be  ctojcct  A and  treat  the  two  people  together  as  object  D.  Let  »x  be  horizontal  and  to  the 
right.  Let  l * be  the  speed  of  tbc  combined  object  after  the  collisxm 

EXECUTE:  (u)  The  speed  vAX  of  tb:  wagon  just  before  the  collision  is  given  by  conservation  of  energy  applied  to 
the  motion  of  the  wagon  prior  to  the  collision.  Vx  - Ks  says  w,gi|S0  m||sin6.0°])  - 7m  ,»•*,.  vM  - 10.12  ms  . 


PXt  — PiK  for  the  collision  say*  h,i 


300  kg 

300  kg  -t  750  kg  -f  60.0  kg 


(10.12  m>'s)  - 6.9K  m s . 


In  5.0  s the  w agon  travels  (6.9S  nvxMS.O  s)  - .34.9  m . and  tb:  people  will  have  time  to  jump  out  of  tbc  wagon 
before  it  reaches  the  edge  of  tbs  clitT. 


Manxntum.  Impulse,  and  Collisions  8-35 


ft.  110. 


(b)  For  the  wagon,  AT,  - ^<300  kgXlO.  12  m'sf  - 1 .54  x 10*  J . Assume  that  the  two  heroes  drop  from  a small 
height,  so  their  kinetic  energy  just  before  the  wagon  can  be  neglected  compared  to  AT,  of  the  wagon. 

A';  - 4-1435  kgtf6.9K  m'sf  - 1.06x10*  J . The  kinetic  energy  of  the  system  decreases  by  A',  - A'.  - 4.S  x 10*  J 
EVALUATE:  The  wagon  slows  down  when  the  two  heroes  drop  into  it.  The  miss  that  is  moving  horizontally 
increases,  so  the  speed  decreases  to  miintain  the  same  horizontal  momentum.  In  the  collision  the  vertical 
moircntum  is  not  c cm  served,  because  of  the  tvt  external  force  due  to  the  ground 

Identify  : Gravity  gives  a downward  external  force  of  magnitude  mg.  The  impulse  of  this  force  equals  the 
change  in  momentum  of  the  rocket. 

SET  L’P:  Let  ♦ r be  upward.  Consider  an  infinitesimal  tinx  interval  dt.  In  Lxamplc  S.I5.  itt  - 2400  m 's  aixl 

— - - — — In  Lxamplc  8. 16.  m - rr.,/4  after  /-90  s. 
dt  120  s V 

EXECUTE:  t a > The  impulse  momentum  theorem  sixes  -mgdt  - I m -t  dm ft i + dr)  -t  (rf«)(v  - v ) - av . This 


simplifies  to  -mgdi  - fivdv+  v dm  and  m—  - — v - mg  . 

dt  “ dt 

. dv  v*  dm 

(b>  — -X- 


(c>Al  ( -0,  a--— —-g  = -(2400  m's 
«.  dt 


in  f - 10.2  m V . 


<«1  > dr  - -—dm  - gdt . Integrating  gives  v-  v,  - +vm  In— — - gi . vv  - 0 and 
m m 

v - r(24CO  nts)fai4  - <9.80  m s*'  M90  s)  - 2445  nvs . 

Evaluate:  Both  the  initial  acceleration  in  Lxamplc  8. 1 5 and  the  final  speed  of  the  rocket  in  Lxamplc  8. 1 6 arc 
reduced  by  the  presence  of  gravity. 

8. 1 1 1 . Idem  m and  SET  UP:  Apply  Lq  8 40  to  the  single-stage  rocket  and  to  each  stage  of  the  two-stage  rocket . 

(a)  Execute:  v - v«  - in  ( m,  /«);  v,  - 0 so  v - in  I m . m ) 

The  total  initial  maw  of  the  rocket  is  u\,  - 12.<HXI  kg  - 1000  kg  - 13.000  kg.  Of  this.  9000  kg  t TOO  kg  - 9700  kg 
is  fuel,  so  the  rmss  m left  after  all  tb:  fuel  is  burned  is  13,000  kg  - 9700  kg  - 331X1  kg. 

v = tn ( 1 3.000  kg'3300  kg > = 1 .37r„  . 

<h)  First  stage:  v = ln( /nf) 

= 13,000  kg 

The  first  stage  has  9000  kg  of  fuel,  so  the  mass  left  after  the  first  stage  fud  has  burned  is 
13.000  kg  -9000  kg  - 4400  kg. 

v = In ( 13.000  kg  4000  kg)-  1.1 8v  4 . 

<c) Second  stage:  - 1000  kg.  1000  kg- 700  kg  - 3l»  kg  . 

v = v4  * vm  \n(mjm ) ^ 1 . I8v  4 + v 4 ln(  1000  kg‘300  kg ) ^ 2.38r  4 . 

<d>  v*  7.00  kin  s 

vn  - 1/2.38  -(7.00  knvs),' 2.38  = 2.94  km's  . q 

EVALUATE:  The  two-stage  rocket  achiev  es  a greater  final  speed  because  it  jetiscms  the  left  ov  er  mass  of  the  first 
stage  bcfcec  the  second-state  tires  and  this  reduces  the  final  m and  increases 

8.1 12.  IDENTIFY:  During  an  interv  al  where  the  miss  is  constant  the  speed  of  the  rocket  is  constant.  Dunng  an  interval 
where  the  mass  is  dunging  at  a constant  rate,  the  equations  of  Sccticm  8.6  apply. 

SET  L'p:  lot  0 S I S 90  * . — - — . From  Example  S.  I S.  i<  - 2400  m'» . 

dt  120*  1 

Execute:  (■>  For  / £ 0 . v = 0 . Foe  0 S t S 90  s . Eq.  S.40  mys  v = ( 2400  in ii  In  4 - 3327  in  i . For  l > 90  s . v 
has  the  constant  value  3327  nv^s.  The  graph  of  v(r)  is  given  in  Fig.  8.1 12a. 

<l»  For  0 S / S 90  s . Eq.  8.39  gives  u - -1^—  = 2400  Si.  1 - 2>>  . a - 20  mfr*  at  / - 0 

m dt  mit(\-t>\]20%])\  120  s/  I-/.'|120s| 

(as  in  Example  8.  IS)  and  a - 80  m s*  at  t - 90  % . For  ( > 90  s , a = 0 . The  graph  of  aft)  is  given  in  Fig.  8. 1 1 2b. 
(c)  The  astronaut  his  the  &ime  acceleration  as  the  rocket.  This  is  maximum  at  / - 90  s and 

Ftm  - - (75  kg  #80  in'** ) - 6.0  x |0;  N . This  is  8.2  limns  her  weight  on  earth,  since  agmt  rs  8.2  times  g. 


M-36  (lupin  * 


EVALUATE:  Hie  accclcrahm  incnasct  because  the  miss  decreases  while  the  thrust  F - -i  remains  constant 


mu.. 


- ;t*t 


I)  » 40  611  Ml)  I Ini  1211 

(b) 

Figure  8.112 

i.  1 13.  I DI-VI  irv  ami  SET  If:  dm  - (xlY  .</!'-  Adx  . Since  the  thin  rad  lie*  along  the  \ mu.  y^  - 0 . The  maw  of  the 
rod  is  uiven  by  .1/  - j dm  . 

EXECUTE:  In)  xM.  - — f xdm  » .T ( xdt  ~ 2_ll_  *bc  volume  of  the  rad  u AL  ami  .1/  - pAL  . 

pAL1  L 

x. . The  center  of  miss  of  the  uniform  rod  is  at  its  gcntrctrical  center,  muhvav  between  its  ends. 


IpAL  I 


I r»  I fi  .la  r 1 . AuL‘  r rt  r1  uAlJ 

\ 1 .% dm x pAtU 1 Vt/i .1/  - [dm  - I pAd \ - tiA\  utx  - . Ttacloic. 

A/"6  * Si y S\t  ] }J  J*  2 


3 A aAL 1 ) 1 

EVALUATE:  When  the  density  increase*  with  ,t.  the  center  of  maw  is  to  the  right  of  the  center  of  the  rod. 


1114.  iDtXlFY:  r 


•4i 


idin  and  yUM  - — 


.\l  the  upper  surface  of  the  plate.  » -tv*  - r* . 


SET  l1!:  To  find  v>#4.  divide  the  plate  into  tlun  strip*  parallel  to  thr  r iAt*.  a*  shown  in  Fig.  S.l  14a.  To  find  rM. , 
divide  the  plate  into  thin  strips  parallel  to  the  i-axis  os  shown  in  Fig  N.  1 1 4b.  The  plate  has  volume  one  Kill  that  of 
a circular  disk,  so  I’  - TTa‘i  and  .1/  -~txaa'i. 

Exec  ute:  In  Fig.  1 14a  each  strip  lias  length  y - - iJ.  x...  - J-J.u/ni.  wiieic  dm  - ptydx  - ptja*  -f  dr. 

uncc  die  integrand  is  an  odd  functun  of  x.  t-#  - 0 because  of  symmetry.  In 
Fig  1 14b  each  strip  has  length  2x  - 2^<r5  - v*  where  dm  - 2ptidy  - Iptyja1  -y ,rfr 

v | v'J?  % 'dr  Use  integral  can  be  esaluaicd  using  u - a1  - t* . du  - -2vrf»  TTti»  substitution  gives 

*a*  |f  2 | 4d 


‘ [2pta 


EVALUATE: 0.424  r is  less  than  u 2.  as  cApcctcd.  since  the  plate  becomes  wider  a*  \ decreases. 

3? 


w 


M 


Figure  8.114 
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8.115. 


8.116. 


IDIA  Ilf\ : The  work  is  related  to  the  force  by  W - J Fdx . The  force  th:  person  must  apply  equals  the  weight  of 


the  hanging  portion.  Since  the  rope  is  uni  tor  in.  the  center  of  maw  of  the  hanging  portion  is  at  its  geometrical 
center. 

Si:  I L^P:  Let  y be  the  length  of  the  rope  hanging  over  the  edge  and  use  coordinates  where  the  origin  is  at  the  edge 
of  the  table  and  * y is  downward.  When  the  rope  is  pulled  onto  the  tabic*  y gees  fn>m  It  A to  zero.  A length  v of  the 
rope  has  mass  Xy  . 


Execute:  (u)  When  a length y hangs  over  the  edge,  the  person  must  apply  an  upward  force 

F,  = -Mv)g  = -iyg  . W ■=  J V. (v)rff  = -Xg\\dy  = 

<l»)  Initially,  yum  - //8  . The  work  done  to  raise  an  cL)]cc1  of  imxs  .1/  a distance  yum  is  W - Xigy^ 


32 


EVALUATE:  The  answers  from  methods  (a)  and  (b)  agree.  The  change  in  gravitational  potential  energy  of  the 
rope  can  he  calculated  by  considering  all  its  mass  acting  at  its  center  of  mass*  and  the  work  done  by  the  person 
equals  the  increase  in  gravitational  potential  energy  of  the  rope. 

iDEMin  : From  our  analysis  of  motion  with  constant  acceleration,  if  v = at  and  a is  constant,  then 
* - A,  = V ♦ lot1 . 


SET  L’P:  Take  v„  » 0,  x%  - 0 and  let  «.v  downward. 


EXECUTE:  (u)  - a , v -at  and  v - -<j f ' . Substituting  into  xg  - v—  * r*  gives 

dt  dt 

jOl’g  - 7ai*a  +aY  -4<*V  . The  nonzero  solution  is  a - g.'3. 

(hi  -7gt}  - m's’MMs)'  ^ 14.7  m. 

<c>  m=*kx-  (2.00  g mM14.7  m)  ^ 29.4  g . 

EVALUATE:  The  acceleration  is  less  than g because  th:  small  water  droplets  arc  initially  at  rest,  before  they 
adhere  to  the  falling  drop.  The  snull  droplets  are  suspended  by  buoyant  forces  that  we  ignore  for  the  raindrops 


Rotation  of  Rigid  Bodies 
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9.1.  IDEMIFY:  .v  - /i) % with  0 m radians. 

SETUP:  z rad  = 1 80° . 

Execute:  (u)  0---  ! ' ,n  - 0.600  rad  - 54.4° 
r 250  m 

<b > r = i LLi-^12 6.27  cm 

tf  (I28“X'T  rad/lSO") 

(c)  » = rtf  - (1.50  mKO.700  radl  - 1.05  m 

EVALUATE:  An  angle  is  th:  ratio  of  two  lengths  and  is  dmfcmsxmless.  Hut.  when  s - rO  is  used.  0 roust  be  in 
radians.  Or.  it*  0 - s/r  is  used  to  calculate  0 % the  calculation  gives  0 in  radians. 

9.2.  IDENTIFY:  0-0v  - at . since  the  angular  velocity  is  constant. 

SE t Up:  1 rpm -(hr/ 60)  rad's  . 

Execute:  (u)  a#  = (1900X2*  rad  .'60  s>-  199  rod  s 


(b>  35"  - (3S"X*/ I80;|  - 0.61 1 rad . / - 


-0,  0.611  rod 
199  rad  s 


3. 1x10  4 s 


Evaluate:  In  t - 


ac  must  use  the  same  ancular  fixature  (radians,  degrees  or  revolutions)  for  both 


-0  and 


9.3.  IDENTIFY:  a (D-  ^11—  Writing  Eq.(2.16)  in  terms  of  anguhr  quantities  gives  0-0-  j &dt . 


SETUP:  — r -/if’  'and  rV/ r‘ ‘ 

dt  J n + 1 

Execute:  (u)^  must  have  units  of  md  sand  B must  have  units  of  rad  s . 

<h)  a (t)  - 2 Bt  - (3.00  rad‘x;)f . (i)  Fee  t - 0,  at  =0.  (ii)  For  t - 5.00  x,  « - 15.0  rad  s*' . 

(c>  Ol-Ol^\,\A  + Bl‘)dlmAfl,-tl)+ - 1 ,‘> . For  /,  = 0ui*J  I,  -2.00  k. 

0,  -tf  -(2.75  lad ’kH 2.00  *>*4(1.50  rad's1  X2.00 i)‘  -9.50  rad 
EVALUATE:  Both  r/.  and  » are  positive  and  the  angular  speed  is  increasing. 

Ary 

9.4.  IDL.VIUY:  a -del  dl  . a -- — - . 


SETUP:  ^-(t!)-2l 

Execute:  (u>  a(r  i-J<>  --2  fk  =(-1.60  rad/**)/. 
dt 

(b)  n (3.0*)=  (-1.60  rad/s,K3.0*»  = -4.80  rad/s1. 

„ - <3-°  *>  - "• 101  - -2  20  - 5 00  ^ , -2.40  rad/*- . 

3.0  * 3.0* 

which  is  half  as  large  (in  magnitude  I as  the  acceleratxm  at  / - 3.0  s. 


EVALUATE:  a (/)  increases  linearly  with  time,  so  a 


tr (0)  + a (3.0 sV 


Q.'0)  - o 


9-2  Chapter  9 


9.5.  iDEYim  and  SET  UP:  Use  Eq.<9.3)  to  calculate  tlic  angular  velocity  and  Eq.l9.2l  to  caktilale  the  average 
angular  velocity  foe  the  specified  time  interval. 

Execute:  0 = y/*/fc‘;  / = 0.400  rad  s.  //- 0.0120  rad  s* 


do  At  r - 0.  ftf,  a 0.4CO  rad  s 

<c>  At  t - 5.00 s,  a> -0.400  rad  s + 3<0.0 1 20  rad's1  N5.00s>J-  1.30  rad  s 

A 0 0 . -0 

« a ' 

* A, 

For  /,  - 0,  s 0. 

For  = 5.00  s.  0%  ^ 10.400  rad  s«5O0  s)  + (0.012  rad V MS. 00  s>J  ^3.50  rad 
3.50  rad  -0 

So  at 0.700  rad  s. 

5.00  s-0 

EVALUATE:  The  average  of  the  instantaneous  angular  vclccities  at  the  beginning  and  end  of  the  time  interval  is 
i(  0.400  rad's -t  1.30  rad's)  - 0.850  rad  s.  This  is  larger  than  a>,^.  because  ai  (!)  is  increasing  faster  than  linearly. 

9.6.  IDI.MUV:  — a (l — 

dt  dt  St 

SET  UP:  to,  =(250  rad/* | -(40.0  rad/»'tf-(4.50  rad /*V . n.  - -(40.0  rad,/n:>-(9.00  rod/Vy  . 

EXECUTE:  (u)  Setting  td  - 0 results  xn  a quadratic  in  /.  The  only  positive  roi>t  is  t - 4.23  s . 

<b)  At  f = 4.23  s,  a,  --78. 1 rad/V. 

<c)  At  r - 4.23  s . 0 - 5K6  rad  - 93.3  rev . 

(d)  At  f ^0.  to,  -250  rad's. 

al38rad/‘- 

EVALUATE:  Between  r - 0 and  /-423s.  to,  decreases  from  250  rad  s to  zero.  tot  is  not  liorar  in  I.  so  t is 
not  midway  between  the  values  of  to,  at  the  beginning  and  end  of  the  interval. 
dO  d<> 

9.7.  IDLYIUY : a>.  (/)-  — . tt  y t ) Use  the  values  of  0 and  <u  at  / - 0 and  a at  1 .50  s to  calculate  u.  b. 

dt  dt 

and  c\ 


Setup:  — /■=«/’ ' 
dt 

Execute:  (u)  «,(/)=b-3c/2.  am(l)  = -6c1  At  / -0.  0-a  - t/4  rad  and 
« - -bc(l. 50  s)  — 1 .25  rad's*  and  c = -0. 139  rad’s* . 

(b)  0 - .r/4  rad  and  at  = Oat  / - 0 . 

!«>  a -J.SOradV'al  t--!L- 3 50 rad » 4j0  f A,  , - 4 2p , . 

6c  6<-4>.l39nHiV> 

0- - rad r (2.00  rod  *#4.20  i)-(-0.139  radV^’O  %)'  - 19.5  rad 

to  - 100  rads -3<-0. 1 39  rad.VK4.20  *)>  -9.36  rads  . 

EVALUATE:  0 , ai  and  ct  all  increase  as  t increases. 


h - 2.00  rads.  At  /-1.50s, 


9.8.  IDI.M1FY:  a 0-0.  -a»  t . When  a is  linear  in/,  to  fee  th:  tin>:  interval  / to  t is 

dt 


Set  Up:  From  the  information  given,  ai  (/)  - -6.00  rad  s + (2.00  rad's2)/ 

EXECUTE:  (a)  Tlic  angular  acceleration  is  positive,  since  the  angular  velocity  increases  steadily  from  a negative 
value  to  a positive  value. 

(b)  It  takes  3.00  seconds  for  the  wheel  to  stop  (ai,  - 0) . During  this  time  its  speed  is  decreasing.  For  the  raext 
4.CO  s its  speed  is  increasing  from  0 nid/s  to  +8.03  rad/s. 
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IJ 


9.10. 


9.11. 


9.  li- 


fe) The  average  angular  velocity  is 


-600  rod/s 


;ui  •. 


00  rad/s  0-0.  -to€  x then  leads  to 


displacement  of  7.00  rad  after  7.00  s. 

Evaluate:  When  a and  to  have  the  same  wen.  the  angular  speed  k increasing,  this  is  the  case  for  / - 3.00  s 
t - 7.00  s . W hen  a and  to  have  opposite  ugns.  the  angular  speed  is  decreasing;  this  is  the  case  between 
f = 0 and  / -3  .00  s. 

I DE\  nFV:  Apply  the  constant  angular  acceleration  equations 
SKT  UP:  Let  the  direction  the  wheel  is  rotating  be  positive. 

Execute:  (u)  to,  ^ a*,  +aj  ^ 1 .50  ra d/s  + <0.300  rad/s ''X2.50  s)  ^ 2.25  rad/s. 

(b>  0-0.  + -<1.50  rad  s)2.50  s)  + i(0.300  rad  s' X2. 50  s)J  -4.69  rad. 


EVALUATE: 


0-0  -r 


1.50  rad  st  2.25  rads 


12.50  s)  - 4.69  rad  . the  same  as  calculated  with 


2 t \ 2 

another  equation  in  part  (b). 
iDDftlfY:  Apply  the  constant  angular  acceleratxin  equations  to  the  nxition  of  (he  fan. 

(a)  SET  Ur:  - <500  rvv  minxl  min  60  s)  - S.333  rev’s.  - <200  rev  min  11  1 min  60  s)  - 3.333  rev/s, 

t - 4.00  s.  a , =? 

Execute:  - rev/s -8.333  rev*  Wnth, 

* / 4.00  s 

0-4  =? 

0-0,  » iff/  ^ (8.333  rev’sH4.00  sl-f 4<-l.25  rev.s'K4.00  s)‘%  ^ 23.3  rev 
(b|  Set  Up:  to  -0  (comes  to  rest):  m -3.333  revVs;  ti  - -1.25  rev/s*; 


+aA 


Execute:  / - 


iw.  - to.  0 - 3.333  rev's 


2.67  s 


a -1.25  rev  s' 

Evaluate:  The  angular  acceleratxin  is  negative  because  the  anguLir  velocity  is  decreasing.  The  average  angular 
velocity  during  the  4.03  s tinx  interval  is  350  rcvvmin  and  0-(\,  - nr,.../  gives  0-(\,  - 23.3  rev,  which  checks. 
IDENTIFY:  Apply  the  constant  angular  acceleration  equatiems  to  the  nxition.  The  target  variables  arc  / and  0-0v. 
Set  Up:  (a)  rr  - 1.50  rad's*;  - 0 (Marts  from  rest);  to,  - 36.0  rad  s:  t -? 
tot  a ♦ a i 

36.0  rad  s -0 


EXECUTE:  / - 


- 24.0  s 


a 1.50  rad  ’s' 

|b»  0-0,  ^ 

0-0,  - a^l  + laf  = 0*4(1.50  rad'*'X2.40  »)’  - 432  tad 
0-  0,  - 432  iad( I icv/2*  rail) = 68. K rev 

Evaluate:  We  could  u*c  0-0,  =4<«,  to  calculate  0-0,  = i(0*  36.0  rad**24.0 s)  - 432  tad.  which 
checks. 

IDENTIFY:  In  part  <bl  apply  the  equation  derived  in  part  (a). 

SET  Up:  Let  the  direction  the  propeller  is  rotating  be  positive. 


tv  - 


Rewriting  Lq  (9. 1 1)  as  0 -(L  - i(c\  + 1 to / > and 


Execute:  (u)  Solving  Lq.  (9.7)  for  / gives  i 
substituting  for  / gives 


which  when 

ib) <,  -4 


Bed  give*  Eq.  (9. 12). 


7.1X1  rad 


1 1 6.0  fad'/* )*  - ( 1 20  tad/*  )'  l - 8.00  rad  V 
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9. 13. 


9.14. 


9.15. 


9.16. 


9.17. 


E \ VIA  A r L : Wc  could  al»  use  0 - 


^ > 


k)  calculate  / - 0.500  s . Then  to  - ft*,  -tar  gives 


r/.  - 8.00  rods'  . which  agrees  with  our  results  in  part  <b). 

IDENTIFY:  Use  a constant  angular  acceleration  equation  ami  sol\e  tor 
SKI  L’P:  Let  the  direction  of  rotation  of  the  flywheel  be  positive. 


l 


EXECUTE:  0-0,-ti,t+  -<i‘  gives  to.  - 


-o* 


60.0  rad 


-rU 


I 4.1X1  s 

Evaluate:  At  the  end  of  tbc  4.00  s interval,  to  - to  ♦ a ( - 19.5  rad  s 


- -<2.25  radVK4.X  s)  ^ 10.5  rad's 


9-0.  - 


a,  +& 


10.5  rad's +19.5  rod  s 


1 4.00  s)  - 60.0  rad  . which  checks. 


2 ) \ 2 

IDEM  ifn  : Apply  the  constant  angular  acceleration  equations 
SET  UP:  Let  tbc  direction  of  the  rotation  of  the  blad:  he  positive.  tox  - 0 

_ to  -to  140  rod's -0 

EXECUTE:  to  -al  +a  gives  a - — — 


23.3  nd'*4 . 


Jt  141  rads 


6.QQ  s 


(6.00  s)  — 420  rad 


2 ) \ 2 

Evaluate:  Wc  could  al»  as c 0 - ft,  - tt\.J  + U/T  . This  equation  gives 

0-0,  - 4(23.3  rodfc*  M6.00  s>J  - 419  rad . in  agreement  with  tbc  result  obtained  above* 

IDENTIFY:  Apply  constant  angular  acceleration  equatiems. 

SET  Up:  Let  tbc  direction  the  flywheel  is  rotating  be  positive. 

0-  0*  - 200  rev,  ft*,  - 500  rev/mm  - 8.333  rev/s.  i - 30.0  s . 


EXECUTE:  (11)0-0- 


J 


/ gives  to  - >.<X)  rev  .'s  - 300  rp 


(b)  Use  the  infornution  in  part  (a)  to  find  a . : to  - to,t  + txj  gives  at  — -0. 1111  ieev/s' . Then  toA  - 0. 


= -0. 1 1 1 1 rev/s  \ to,,  - 8.333  rev/s  in  tod  - to,,  +aj  gives  / - 75.0  sand  0- 


f H*VCS 


0-^,  = 312  rev . 

Evaluate:  The  mass  and  daanxtcr  of  the  flywheel  arc  not  used  in  tfv  calculation 

IDENTIFY:  Use  the  constant  angular  accclcraticei  equations,  applied  to  the  first  revolution  and  to  tb:  fmt  two 
revolutions. 

SET  UP:  Let  tbc  direction  the  disk  is  rotating  tv  positive.  1 rev  - 2.T  rad  . Let  / be  tbc  tinx  for  the  first  revolution. 
The  time  for  tbc  first  two  revolutions  is  / * 0.750  s . 

EXECUTE:  (u)  0-  0t  - tox  e + %ajl  applied  to  the  first  and  to  tbc  first  two  revolutions  gives  2.r  rad  - 4«  t1  and 
4.T  rod  - it/' (ft  0.750  s)2  . Eliminating  a,  between  these  equations  gives  4t  rad  - ~ r"-</  + 0.750  s)3  . 

2j:  - (f  -t  0.750  s)2  • J2i  - ±U  + 0.750  s ) . lb:  positive  mot  is  r - ° ^ ' 


(b)  2.T  rad  - ir/  f and  l - 1.81  * gives  a - 3.84  rad  * 


EVALUATE:  Al  the  slarl  of  the  second  revolution  ei,  - (3.84  rad  s’  XI -8 1 *>-  6.95  rad'*  . T1k  dntance  Ibe  diik 
route  in  the  next  0.750  % is  0-0,-iajt^a/  -(6.95  rad'*X0.750*>*«3.l4  rad  V ((0.750  s)J  - 6.29  rad  . 
which  is  two  revolutions. 

I DEV  UFA : Apply  Lq.<9. 1 2)  lo  relate  tom  to  0 - . 

SET  UP:  Establish  a proportionality. 

EXECUTE:  From  Kq.<9.12>.  with  - 0.  the  number  of  revolutions  is  proportional  to  the  square  of  the  initial 
angular  velocity,  so  tripling  the  initial  angular  velocity  increases  the  number  of  revolutions  by  9,  to  9.00  rev. 
EVALUATE:  Wc  dcaft  have  enough  information  to calrolatc  as  : all  wc  need  to  know  is  that  it  is  constant. 
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9. 1 8.  Idi.n  nfY : In  each  case  we  apply  constant  acceleration  equations  to  determine  0(/  > and  n>  (f ) . 

Si:r  L’P:  Let  fl,  - 0 . The  following  table  gives  the  revolutions  and  the  angle  0(in  degrees)  through  which  the 
wheel  has  rotated  for  each  instant  xn  time  (in  seconds)  and  each  of  the  three  situations: 

(a)  (b)  <c> 


rev 

0 

rev 

0 

rev 

0 

0.05 

0.50 

180 

003 

11.3 

0.44 

158 

0.10 

1.00 

360 

0 13 

45 

0.75 

270 

0.15 

I. so 

540 

0.28 

101 

0.94 

338 

0.20 

2.00 

720 

0.50 

180 

1.00 

360 

EXECUTE:  The  fJand  graphs  for  each  case  arc  given  in  Figures  9. IS  a-c. 

EVALUATE:  The  slope  of  the  0(t)  graph  is  *>,(/)  and  the  slope  of  the  (/)  graph  is  <r  </> . 


<c) 

Figure  9. IK 
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9.19.  IDEYIIEY : Apply  the  constant  angular  acceleration  equations  separately  to  the  tinw  interval  0 to  2.00  s and 
2.C0  s until  the  wheel  stops. 

(a)  Sri  Ur:  Consider  the  motion  from  / - 0 to  t - 2 .<»  s: 

0-0 , = ?;  24.0  rad's;  a,  - 30.0  rad’s2;  / - 2.00  s 

Execute:  0-00-toj+\af  ^ (24.0  rad.‘s)(2.00s|  +4(30.0  rod's2 K 2.00  s)2 

0-0,  - 4K.0  rad  * 60.0  rad  = 10S  rad 

Total  angular  displacement  from  / - 0 until  stops.  I OX  rad  -t  432  rad  - 540  rad 

Note:  At  f - 2.00  s,  ta  - -f  a t - 24.0  rad  s-fr  <30.0  rad's2  X 2.00s)  - Sl.Orad  s;  angular  speed  when  breaker  trips. 

<b)  SET  UP:  Consider  the  motion  fn>m  when  the  circuit  breaker  trips  until  the  wheel  stops.  Tor  this  calculation  let 
t - 0 when  the  breaker  trips. 

t -?;  0-0%,  - 432  rad:  ai^O  - 84.0  rad  s (from  put  (a)) 

EXIXITE:  2,432,^,  ,|(Ul 

tt\Kf€04  84.0  rad's  t0 

The  wheel  stops  10.3  s allcr  the  breaker  trips  so  2.1X1  s -♦  10.3  s - 12.3  s from  the  beginning. 

(c)  SET  UP:  a - ?;  consider  the  same  motxin  as  in  part  (b): 

ta  = t^+aj 

Execute:  a o-MOnid  s ,_8|6rad>,; 

* / 10.3  s 

Evaluate:  The  angular  acceleration  is  positive  while  the  wheel  is  feeding  up  and  negative  while  it  is  slowing 

down.  We  could  also  use  n>:  -ra.*  + 2*?  <0-0. 1 to  calculate  a - — — ! — - — >S  * ' ^ ’*  - -8.16  rad's2  for 
J *•  ‘ J 2<0-0c)  2(432  rad) 

the  acceleration  after  the  breaker  trips. 

9.20.  IDI.MIEY : The  linear  distance  the  elevator  travels,  its  speed  and  the  magnitude  of  its  acceleration  are  equal  to  lb: 
tangential  displacement,  speed  and  acceleration  of  a point  on  the  rim  of  the  disk,  x = rO , v - rtuand  a = ra  . In 
these  equations  the  angular  quantitxs  must  be  in  radians. 

SET  UP:  1 rev  - 2*  rad  . 1 rpm  - 0. 1047  rad  s . t rad  - 1 80°  . For  the  disk,  r - 1 .25  in  . 

EXECUTE:  (I!)  v - 0.250  nVs  so  - 1 1 ’ 0.200  rad  s - 1 .91  rpm 

r 1 25  m K 

OD  a - Tg  - I 225  m s* . « - — - .*  v - 0.9X0  rad's5 . 

r 1.25  m 

<c)  x - 3.25  m . 0-1  ■ 2.60  rad  - 149; . 

r 1.25  m 

EVALUATE:  WTicn  we  use  s - iO . v-  rniand  - ra  to  solve  for  0,  rjand  a . the  results  arc  in  rad.  rad  's 
and  rads2 . 

9.21.  IDENTIFY:  When  the  angular  speed  is  constant,  to  - Oft . vUl  - r<o . ax M — ra  and  am x - rtef  . In  these  equatiems 
radians  must  be  used  for  the  angular  quantities. 

SET  UP:  The  radius  of  the  earth  is  - 6.38x10"  m and  the  earth  rotates  once  in  I day  -86.400  s . The  orbit  radius 
of  the  earth  is  1.50x10“  m and  the  earth  con*ilctcs  one  orbit  in  I y = 3.156x10*  s.  When  to  is  constant,  co  = Of  I . 

Execute:  (a)  0-1  rev- 2.r  rad  in /=3.l56xl0:  s.  & — — -1.99x10  rads. 

3.156x10  s 

<b)  0 - 1 rev  - 2t  rad  in  t - 86.400  % . to  - ■ 7.27  x 10  rads 

86.400  s 

(c)  v=  rni  -( 1.50x10“  m)(1.99xl0  ? rad/s)  = 2.9Sx  104  mfc . 

<d)  varm  =<638x10'*  m)(7.27xlO'  rad's)  *=464  m's  . 

<e)  - ref  = (6.38x  1 0*  m 1(7.27  x 1 0 * rad  s)2  - 0.0337  m s2 . a^-ra  - 0 . a - 0 since  the  angular  velocity  is 

constant. 

EVALUATE:  The  tangential  speeds  associated  with  these  motions  arc  Luge  even  though  the  angular  speeds  are 
very  small,  because  the  radius  for  the  circular  path  in  each  ease  is  quite  large. 
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9.22. 


9.23. 


9.24. 


9.25. 


I DIN I1FY:  Linear  ai>d  angular  velocities  arc  related  by  v - rto . Use  ai,  - -t  at  to  calculate  a . 
SET  UP:  to  - vfr  gives  ai  in  rads. 

1.25  m s 


EXECUTE:  I a ) 


1.25  ns's 

500  rad  s. 


2 .Mad  s. 


25.0  xiu  m 58.0  *10  m 

(b> ( 1 .25  m>'s)  (74.0  mini  <60  stain)  ^ 5.55  km. 

(c )a  - 21 ***'*- rad  * - -6.41x10  * rad  s*. 

J <74  0 mini  (60s  mm) 

EVALUATE:  The  width  of  the  tracks  is  very  small,  so  the  total  track  length  cci  the  disc  is  huge. 

IDENTIFY':  Use  constant  acceleration  equations  ti>  calculate  the  angular  v elocity  at  the  end  of  two  revolutions, 
v - rco . 

SIT  Up:  2 rev  - 4t  rad.  r - 0.200  m 

Execute:  (u>  «■  - < 2a, (0 - 0„).  m,  - ^lafO-OJ  = ^213.00  ral  V'  M4?  radl  - 8.68  rad*. 
a,^  - rot1  - (0.203  mXS.6S  nd/*)*  - IS. I m'*1. 

(b>  v = roi-  (0.200  mil  8.68  rad'*)  = 1.74  ids.  „ 


15.1  mr. 


0.200  m 

EVALUATE:  rAT  and  i^/rare  completely  equivalent  expressions  for  . 

IDIMIFY : - rttf  . with  to  in  rad  s.  Solve  for  to. 

SET  Up:  I rpm  ^ (2*  .'60>  rads 


Execute:  ™to  = U0xtf  n>m 

V r \ 0.0250  m 

Evaluate:  In  - rto3 . Mmust  be  in  rad  s. 

IDENTIFY'  and  SET  Up:  Use  constant  acceleration  equations  to  find  to  and  a after  each  displacement.  The  use 
Lqx.(9. 14>  and  <9.15)  to  find  the  components  of  the  linear  acceleration. 

Execute:  cm  at  the  start  t - o 
flywheel  starts  from  rest  so  tot  - tQu  - 0 

- ra  - (0.300  mXO.600  rad'*')  -0.180  mV 


atU  - rco'  - 0 

a - r al,  -0.180  m s* 

<b)  0-0%  ^60* 

ax^  =ra- 0.180  m»S: 

Calculate  at. 

0-0,  ^ 60°</T  rad  1 KO’I  - 1 .047  rad;  to,t  ^ 0.  a,  - 0.600  rads*;  a>,  = ? 
«4-«&  + 2ff4<0-4) 

m -^2*  (0-0v)  =^2(0.600  rad s^l.lM?  radt  -1.121  rads  and  AJ  — AJ. 
Then  a^*rtol  ^<0.300  mX  1.121  rad  s)*  ^0.377  m s*. 

a - " V* °*377  m'%* * 10  1 5X1 1X15,1 ) J = 04ls  m x‘ 

<c)  0-0,  -120* 
aim  — va  — 0.1  SO  m's* 

Calculate  at. 

0-04  = I20°(t  rad' 180°)  = 2.094  rad;  Afc,  =0;  n =0.600  rad  s';  to,  = ? 

aAO-Q.) 

ra  - v'2ff  (0-0.)  - ^2(0.600  rad  l’  M2. 094  rad)  - 1 .585  rad  * and  a - a . 
Then  = no1  = (0.300  m*  1 .585  rad  *)*  = 0.754  ruts', 
a - - y'tO.754  mV  )*  . (0. 1 80  m v' )'  = 0.775  m V 

EVALUATE:  a is  constant  so  r/—  is  constant,  to  increases  so  increases. 
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9.26. 


9.27. 


9.28. 


9.29. 


9 JO. 


IDSCTIFY : Apply  constant  angular  acceleration  equations  »•  - rto . A point  on  the  nm  has  both  tangential  ami 
radial  components  of  acceleration. 

SET  UP:  au.  - ra  ami  - roi  . 

Execute:  (u>  a»  - o\.m  at  - 0.250  rev's  r (0.900  rev/s*  #0.200  s»  - 0.4.10  rev's 

(Note  that  sirxc  to.u  and  a are  given  in  terms  of  revolutions,  it's  not  necessary  to  convert  to  radians). 

(b)  tos,  .A/  ^ (0.340  rev/sX0.2  s)  = 0.068  rev . 

(c)  Here,  the  conversion  to  radians  musi  tv  nude  to  use  Eq.  <9.13).  arxl 


v — rnr 


I M ] 1 0.430  rev's )( 2 x rad/rev  > — 1 .01  mf 


-523  6 rads 


(<l>  Combining  equations  <9. 14)  ami  (9. 1 5), 
a <ii.  = y}<*:r)3  + {ar)1  . 

a - ^<(0.430  rcv/*X2*  rad  re v>): (0.375  m)  jJ  +[(0.900  rev’sJ  H2<t  rad'ievXO.375  ml  . 
a - 3.46  m/s*  . 

EVALUATE:  If  the  angular  acceleration  is  constant.  <jUt  is  constant  but  increases  as  a>  increases 
IDENTIFY:  Use  Eq.(9. 1 5)  and  solve  for  r. 

SET  Up:  -r*v‘  so  r - a^/aC.  where  to  must  be  in  rad  s 

EXICirt:  - 3000*  ^ 3000(9.80  m'j1 ) = 29.41X1  m'i‘ 

rhnr-a»^.29-400mV  -0.107  m. 
to  (523.6  rad's)* 

EVALUATE:  The  diameter  rs  then  0.2 14  m.  which  is  larger  thin  0. 127  m.  so  the  claim  is  not  realistic. 
Idem  it v : In  part  (bl  apply  the  result  derived  in  part  (a). 

Set  UP:  - rn>‘  and  r = no\ combine  to  eliminate  r. 

Execute:  (u>  - air  - to1  | — J - tow 

(b)  From  the  result  of  part  (a).  0 - — - ■ - 0.250  rad/s. 

Evaluate:  ata  - mf  and  v - nuboth  require  that  mbc  in  rad's,  so  in  - w , a;  is  in  rad  s. 

iDKMin : v - no  and  atal  - mi  -v'ir. 

SET  UP:  2x  rad  - 1 rev  , so  x rad's  - 30  rev  nun  . 


Execute: 


,1250  ,o>/nm  1(3^1^)  'J  7‘,'°  m -0.831m/*. 


[b>  —m  mmrnMf  maff. 

r (12.7x10  m)/2  9 

Evaluate:  In  »• -rn>.  to  must  be  in  rad  s. 

IDEMIFY : - ra , »•  - no  and  d^  - v*  fr  . 0 - 0,  - to^t . 


SETUP:  When  a is  constant.  to 


Let  the  direction  the  wheel  is  rotating  be  positive. 


A*  i i i » : in)  <t  - — 11  . ,n  ’ 50  0 rail/s 


0.2(10  m 


(b)  At  t - 3.00  s . v - 50.0  m/s  and  to---  - 250  rad/s  and  at  f - 0. 

v - 50.0  m/s +(-10.0  m/**W0- 3.00s> -80.0  m/s,  <u-400  rad/s. 

(c)  to  i = (325  rad/s (3.00  s)  ^ 975  rad  ^ 155  rev  . 
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9.31. 


9-32. 


9J3. 


9.34. 


(d>  v - Jat^r  - J( 9.S0 m»'s:  H0.200  ml  - 1 .40  m/s.  Thts  speed  will  be  readied  at  time  ■ ' — 1 *'  ' 4.86  s 

10.0  m's 

after  / - 3.00  s . or  at  / - 7.86  s . {There  are  many  equivalent  ways  to  do  this  calculation. I 

Evaluate:  At  t - 0 . aiU  - ray  - 3.20x  10*  m s*  . At  / - 3.00  s . a u - 1 .25  x 10*  mfs* . Foe  a ^ - g the  wheel 

mutt  he  rotating  more  slowly  than  at  3.00  s so  it  occurs  some  tin*:  after  3.00  s. 

IDEM  in  and  SET  l*P:  Use  Eq<9.15>  to  relate  m to  and  V F - mrf  to  relate  <ia  to  F^.  Use  F-q.(9.13)  to 
relate  n>  and  v.  where  v it  the  tangential  speed 
EXECUTE:  (u)  = ray2  and  - ma ^ - mrtJ 

f “ _f«  V .[6|0|V|'|ml"j: 


^ V^i/  \ 423  revVmin } 
(b)  v - ray 


is  fey  640  rev  min 


1.51 


v,  ai  423  rcv  min 
(c)  v - ray 

,_an  • Y I nun  if  2.T  rad  \ t( 

|640  rev  min  l — -67.0  rail's 

^ 60s  ^ 1 rev*  J 

Then  v - rm  - (0-235  mH67.0  rad's)  - 1 5.7  m s. 
a>u  - ra>'  - (0.235  m)(67.0  rad *)*  - 1060  m s*' 

n S1.S0  mV 

Evaluate:  In  parts  (ai  and  tb).  since  a ratio  is  used  the  units  cancel  and  there  it  no  need  to  convert  at  to  rad's. 
In  purt  (c).  v and  atmt  are  calculated  bom  /y.  arxl  ay  must  he  in  rad's. 

Idiv iify : i*  - rto and  - ra . 

SET  Up:  The  linear  acceleration  of  the  bucket  equals  u for  a point  on  the  rim  of  the  axle. 


Execute:  (u)  v=  Rat  2.00  cm/s  - R 


7.5  rev  V 1 nun  V 2z  rad  \ . 


mti 


SO 


civet  R - 2.55  cm  . 


/3  - 2rt  - 5.09  cm. 

,b>  = to  . « . isi  - , 5.7  radi'V  . 

N 0.0255  m 

Evaluate:  In  »•-  Ratxi d - Ra  . niand  a must  be  in  radians. 

IDEM  if  Y : Apply  v = ra . 

SET  UP:  Points  on  the  chain  all  move  at  the  tame  speed,  so  r/at  - . 

Execute:  The  angular  velocity  of  Ihc  rear  wheel  it  m - — = * 00  - 15.15  rad/i 

r 0.330  m ^ 

The  angular  velocity  of  the  from  wheel  11  or  - O.ttIO  rev/i  - 3.77  rad,' . r = r(  (io,  fa  ) - 2.99  cm . 

EVALUATE:  The  rear  sprocket  ai>J  wheel  have  the  sanx  angular  vclexity  and  the  front  sprocket  and  wheel  have 
the  same  angular  velocity,  ray  is  tlx  tame  for  both,  so  tlx  rear  sprocket  has  a smaller  radius  since  it  hat  a larger 
angular  velocity.  The  speed  of  a paint  on  the  chain  is  v - rrat  = (2.99x10  * m)|l5.l5  rad's)  - 0.453  ms  . The  linear 
speed  of  the  bicycle  it  5.50  m s. 

IDENTIFY  and  SET  UP:  Use  Eq.(9.16).  Treat  the  spheres  as  point  masses  and  ignore  / of  the  light  rods. 

Execute:  Tbc  object  is  shown  in  Figure  9.34a. 

(») 


(1400  n 


r - Jf  0.200  mf  r(O.'OI)m)'  - 0.2K2S  m 
I _ £«,-  _ 4(0.200  kgK0.2S2S  m>* 
0.0640  kg  m' 
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9.35. 


9J6. 


9.37. 


(hi  The  object  is  shown  in  Figure  9.34b. 

aaooi^ 

I 


120)  kc  t 

My urc  9.3 


100U 


(cl  The  object  is  shown  in  Figure  9.34c. 

% 

\ <0200  kg 


r ^ 0.200  m 

/ - £«r’  - 4(0.200  kgK0.200  m)1 
/ - 0.0320  kg  ■ m1 


r = 0.2828  m 

/ - y»rr'  - 2(0.200  kgKO.2828  mt' 
/ = 0.0320  kg  m’ 


Evaluate:  in  general  / &pcnds  on  the  axis  and  our  answer  for  part  (a>  is  larger  than  foe  parts  (b|  and  (c).  It  just 
happens  that  / is  the  same  in  parts  (b)  and  (c). 

IDEVIIFY:  Use  Table  9.2.  Tlx  comet  expression  to  use  in  each  ease  depends  on  the  shape  of  the  object  and  the 
locaticei  of  the  axes. 

SET  Up:  In  each  case  express  the  mass  in  kg  and  the  length  m m.  so  the  monxnt  of  inertia  will  be  in  kg*  m 
Execute:  (u)  (i)  / = ;a  11}  ^ ;(2.50  kg)<0.750  m)2  - 0.469  kg  nr . 

(ii>  /-i.WC'-i  |0469  kg  m')- 0.1 17  kg  m1 . (iii)  For  a vciy  thin  rod.  all  of  the  mail  it  at  I Ik  axi.%  and  / -0. 
(b»(i)  / = -4<J.OO  kgKO.190  m)1  = 0.0433  kgm’. 

(ii)  I -iUR2  - 2(0.0433  kg  m’)  = 0.0722  kgm1. 

<c> <■)  / - MR-  rn (8.00  kg  1(0.0600  ml1  = 0.0288  kg  m’ . 

(ii)  / -IUR'  -4(8.01  kg  *0.0600  m)’  =0.0 1 44  kg  m; . 

Evaluate:  /depends  on  how  the  mass  of  the  object  is  distnbuted  relative  to  the  axis. 

IDENTIFY:  Treat  each  block  as  a point  mass,  so  for  each  block  / - «ir* . where  r is  tlx  distance  of  the  block  from 
the  xxis.  The  total  / fee  the  object  is  the  sum  of  the  / for  each  of  its  pieces. 

SET  UP:  In  part  (a)  two  Mocks  are  a distance  L .*2  from  the  Axis  and  the  third  block  is  on  the  axis.  In  part  lb)  two 
blocks  arc  a distance  L>  A from  the  axis  and  one  is  a distance  3i/4  from  the  axis. 

Execute:  (a)  / = 2m(£/2)’  . 

<l»  / = 2m(/./4l’  -tni(3i'4)J  = —rrl:(2-’ 9)  =—>«/.’ . 

16  16 

EVALUATE:  For  the  same  object  / is  in  general  different  for  ditVerent  axes. 

Identify:  / fee  the  object  is  the  sum  of  the  values  of  / for  each  part 

SEE  UP:  For  the  bar.  for  an  axis  perpendicular  to  the  bar.  use  the  appropriate  cxprexsxm  from  Table  9.2.  For  a 
poant  mass.  / - mr‘ . where  r is  the  distance  of  the  mass  from  the  Axis. 

Execute:  (» 2«Vl.(^j. 


I _ _1(4JX>  kg )(  2.00  m)’  1 2(0.500  leg >( 1 .00  m|’  - 2.33  kg  m: 

(b)  1(4.00  kg |(2.00  m)J  *-(0.500  kg|  (2.00  m(’  - 7.33  kg  m’ 

(c)  / - 0 because  all  masses  are  on  the  axis. 

(d)  All  the  mass  is  a distance  rf  - 0.500  m from  the  axis  and 

/ = * 2 = (5.00 kg)(0500 mV  = 1 .25  kg  m’. 

Evaluate:  / for  an  ofc^cct  depends  on  the  location  an:!  direction  of  the  Axis. 
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9J8. 


9.39. 


9.40. 


9.41. 


9.42. 


IDIMIH  and  SET  L'P:  According  to  Eq^9.l6),  / for  the  entire  object  equals  the  sum  of  / for  each  piece,  the  rod 
plus  the  end  caps.  The  object  is  shown  in  Figure  9.3S. 


n u« 


r 


Execute:  / - /(mJ  ♦ 2 
/ = r 2(mX/./2)1  cUM  +4-U? 


U'- 

Figure  9 JH 


EVALUATE:  Table  9.2  was  u*^i  for  /,j  and  / - mr'  tor  the  end  caps,  since  they  are  treated  as  point  particles. 
Idemify  and  Set  Up:  / = implies  / - !tm  + 

Execute:  ^MR1  =(1.40  kgXO  JOOm)1  = 0.126  kg  mJ 

Each  spoke  can  he  treated  as  a .slender  rod  with  the  axis  through  ooc  end.  so 

A— . - ) - t<O2H0  kgXOJOO  m):  - 0.0672  kg  m: 

/ = /_  * = 0. 1 26  kg-m' 1 0.0672  kg  m'  = 0.193  kg  m: 

EVALUATE:  Our  remit  u smaller  than  iw„  If  - (3.61  kgX0.300  m)!  - 0.328  kg  m\  since  the  mass  of  each 
spoke  is  distributed  between  r = 0 and  r = R. 

IDF-MIFY:  Compare  this  object  to  a uniform  disk  of  radius  R and  mass  23/. 

SKI  L’P:  With  an  axis  perpendicular  to  tlx  round  face  of  the  object  at  its  center.  / fee  a uniform  disk  is  the  same 
as  for  a solid  cylinder. 

Execute:  (u)  The  total  / for  a disk  of  mass  2\t  and  radius  R.  J - i(2A/  )R ' = MR 1 . Each  half  of  the  disk  has  the 
sanx  /.  so  for  the  half  disk.  / - IMR  ' . 

( 1>  > The  sanx  mss  3/  is  distributed  the  same  way  as  a function  of  distance  from  the  axis. 

(c)  The  same  nxthod  as  in  part  I a I ays  that  / for  a quarter-disk  of  radius  R and  mass  3/  is  hilf  that  of  a half-disk  of 
radius  R and  m*s  2M,  so  / - -<4|2.W)/e;  | - i.lf/T . 

Evaluate:  /depends  on  how  the  mass  of  the  object  is  distributed  relative  to  the  axis,  and  this  is  the  same  for 
any  segment  of  a disk. 

IDF-VHFV:  / feff  tlx  compound  disk  is  the  sum  of  / of  the  solid  disk  and  of  the  nng. 

Set  UP:  For  the  solid  disk.  / = 4 mjt  • For  the  ring.  /,  - ,(i;J  ♦ K) . where  ^ = 50.0  cm.  r.  = 70.0  cm . The 

mass  of  the  disk  and  ring  is  their  area  tinxs  their  area  density. 

Execute:  / = lc  + /, . 

Disk:  m,  - (3.00  g/cm‘  Wr/  - 23.56  kg  . /,  - -»>sl  - 2.945  kg  m; . 


Ring:  m.  = (2.00  g/cm* ).T(r/ -ii*>  = l 5.08  kg  /,  = 5.580  kg  m’ . 

I = /j  + /,  -8.52  kg-m2. 

EVALUATE:  Even  though  nit  < . /,  > /j  since  the  mass  of  the  nng  is  fartlxr  from  the  axis. 

IDLYIIFV:  K - , /af . Use  Table  9.2b  to  calculate  I. 

S»:r  L'P:  I -jjML1  . I rpm-0.1017  rads 

EXECUTE:  (u»  / -4.(1 17  kgK2.QS  m>:  = 12.2  kg  nt' . o- (2100  rev  mini  ■ — 1 -251  rad's. 

V 1 rcv’rnm  / 

K - i-lto1  =4(42.2  kg  m!M251  rad's l'  = 1.33x10'  J . 

lb)  A\  = . K,  = /,  = /-  and  K,  = K, . so  ■ 

.=o,^-(24°0  = 2770  rp» 

EVA1-UATE:  The  rotatMiml  kinetic  energy  is  proportional  to  the  square  of  tlx  angular  speed  and  directly 

proportional  to  the  mass  of  the  object. 

iDtvinv:  K . Use  Table  9.2  to  calculate  /. 

SET  L'P:  I -iMR’ . lor  the  moon.  .1/  - ?.3S*I0"  kgand  R - 1.74x10*  in . The  mion  moves  through 

1 rev  - 2.7  rad  in  27.3  d.  1 d = 8.64»  10*  s . 


9.13. 
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9.44. 


9.45. 


9.46. 


9.47. 


9.48. 


Execute:  (u)  / ^£(7.35x10*  kgHl.74*UT  m>;  =8.90xl0M  kg  m 

W-i27.3dN2KTJ!llO’  ,-J)  - 2 ““ 10 ‘ rad‘ • 

K-Uat  --(8.90*10'*  kg  m1K2A6-10*iad'»»;=3.ISxl0u  I. 


Ib> 


3.15*10“  i 


158  years . Considering  the  expense  involved  in  tapping  the  moon's  rotational  energy.  this 


K - r • Use  Table  9.2  to  relate  / to  the  max*  .1/  of  the  disk. 


5(4.0x10  }) 

does  not  seem  like  a worthwhile  scheme  for  only  15K  years  worth  of  energy. 

Evaluate:  The  moon  has  a very  large  amount  of  kinetic  energy  due  to  its  motion.  The  earth  lias  even  more,  but 
changing  Ihc  rotation  rate  of  the  earth  would  change  the  length  of  a day. 

Identify: 

set  Up:  45.0  rpm  - 4.71  rad  s . For  a uniform  solid  disk.  / - ±\{R: . 

Execute:  „)/-»««  2,0280 J>,- O.caiS 
a?  |4.7I  iad*)‘  6 

(b>  I . and  A,-"-  2,00225  kgml>  = 0.500  kg  . 

• K ■ <0.300  m) 

Evaluate:  No  matter  what  the  shap:  is.  the  rotatxinal  kinetic  energy  is  proportional  to  lb:  miss  of  the  object. 
Identify  : K . with  » in  rad  s.  Solve  for  /. 

SET  Up:  1 rev  min  - (2 xf  60)  rad  s . \K  - -500  J 

Execute:  - 650  rev  mm  - 6K.  I rad  s . ft?,  - 520  rev  min  - 54.5  rads  . AK  - K(  - K - ±J(cuj  -f vf ) and 

^±1^ — -0.600  kg-m2. 

ntf  (54.5  rad  s)*  -(68. 1 rad  s)4 

EVALUATE:  In  K - v4,  « must  be  in  rad  s. 

IDENTIFY:  The  work  done  on  Ihc  cylinder  equals  its  gain  in  kinetic  energy. 

SET  UP:  The  work  dnne  on  the  cylinder  is  PL.  where  /.  is  Ihc  length  of  th:  rope  AT,  - 0 . K2  - |/a>4  . 

/-W*-4 1- 


_ I w . I w vJ  (40.0  XM6.00  m.sF  t . _ _ _ 

Execute:  PL=> — v4,  c*  P — U--14.7N. 

2 g 2 g L 2(9.80  m/s  H5.00  m) 

Evaluate:  The  linear  speed  v of  tlie  end  of  the  rope  equals  the  tangential  speed  of  a point  on  the  nm  of  the 
cylinder.  When  K is  expressed  in  terms  of  y the  radius  r of  the  cylinder  doesn't  appear. 

Identify  and  Set  Up:  Combine  Eqs(9.l7)  and  (9.15)  to  solve  for  K.  Use  Tabk  92  to  gel  /. 

Execute:  K -ilc' 

a,  - Rat‘,  to  ro  - ^ R - ^(3500  miVl-20  m - 54.0  rad  * 

For  a ditk.  / - L.UK 1 - -<70.0  kgM  I 20  m);  - 50.4  kg  m1 
I hut  K - Ilia’  --<50.4  kg  m'XS4.0  rads)’  - 7.35-I04  J 
Evaluate:  The  limit  on  limits  m which  in  lurn  limits  K. 

Idf.n  I1FY : Repeal  Ihc  caleulalKin  in  Example  9.9.  hul  with  a different  expression  for  /. 

SET  Up:  For  the  solid  cylinder  in  Example  9.9.  / - 1 MR1 . For  the  thm  walled.  hollow  cylinder.  / - MR3 . 


Execute:  (ill  With  / - MR  . the  expression  for  v is  v - 


I r j 14 f 


(ID  This  expression  is  smaller  thin  that  for  the  solid  cylinder;  more  of  Ihc  cylinder's  mass  is  concentrated  at  its 
edge,  so  tor  a given  speed.  Ihc  kinetic  energy  of  Ihc  cylinder  is  larger.  A larger  fraction  of  Ihc  potential  energy  is 
converted  to  the  kinetic  energy  of  Ihc  cyliixlcr.  and  so  less  is  available  for  the  falling  miss. 

EVALUATE:  When  M is  much  larger  than  m.  v is  very  small.  When  M is  much  less  than  m.  v becomes  v - JTgk  . 
the  same  as  for  a mass  that  falls  freely  from  a heiuht  h. 
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9.49. 


9.50. 


9.51. 


9.52. 


9.53. 


9.54. 


9.55. 


Identify  : Apply  conservation  of  energy  to  tlx  system  of  stone  plus  pulley*,  v - rta  relates  the  motion  of  the 
stone  lo  the  rotaticei  of  the  pulley. 

SET  UP:  For  a uniform  solid  disk.  / - . Let  point  I be  when  the  stcoic  rs  at  its  initial  posit  ion  and  point  2 be 

when  it  has  descended  the  desired  distance.  Let  +y  be  upward  and  take  y = 0at  the  initial  position  of  the  stone,  so 
y - 0 and  v>  - -h  . wlxrc  h is  the  distance  the  stone  descends. 


EXECUTE:  (a)  A,  - . /,=4A/,tf3*T(2-50kgX0.200m)J  =0.0500  kg  mJ. 

M - \z!Ll  - ! — 1 >M  J 1 — 13.4  rad  s . The  stone  has  speed  v = Rco  - {0.200  mil  13.4  rad* s|  - 2 6S  m s . The 
^ /,  \ 0.0500  kg  m*  1 

stone  has  kinetic  energy  A,  -a(l.50  kg  >2.68  m's)2  = 5.39  J . A'.  *(/,  - K:  r 6\  gives  0-A\+t/j. 

0-4.50  J + 5.39  JtmW-A) . ft  - 


9.89  J 


.672  tn . 


11.50  kg  M 92<0  m s ) 

lb|  A\4  ^ K9  + A.  - 9.89  J . r— — - 45.5%  . 

A M 9.S9  J 

Evaluate:  The  gravitational  potential  energy  of  the  pulley  doesn't  change  as  it  rotates.  The  tension  in  the  wire 
docs  positive  work  on  the  pulley  and  nc&itivc  work  of  the  same  magnitude  on  the  stone,  so  no  net  work  on  the 
system. 

IDENTIFY:  K - •/n»*  for  the  pulley  and  Afc  - lmv:  for  the  bucket.  The  speed  of  the  bucket  and  the  rotatxinal 


speed  of  the  pulley  arc  related  by*  i - Rm  . 

SETUP:  A,  =1A\ 

Execute:  4/<uj  =^«ia)-4/w/rV . / *4«j?3 . 

EVALUATE:  The  result  is  independent  of  the  rotational  speed  of  the  pulley  and  the  linear  speed  of  the  mass. 

I DEN  nn  : The  general  expression  for  / is  Eq.(9.l6).  K -•//«*' . 

SET  Up:  R will  be  multiplied  by/ 

Execute:  (u>  In  the  expression  of  I:q.  1 9. 16).  each  term  will  have  the  mass  multiplied  by  f and  the  distance 


multiplied  by  /,  and  so  the  monxnt  of  inertia  is  multiplied  by  /*( /)*  — /'. 

<b)  <2.5  J){4S)'  -6.37x10*  J. 

EVALUATE:  Mass  and  volunx  arc  proportional  to  each  other  so  both  scale  by  the  sanx  factor. 
IDENTIFY:  The  work  the  person  docs  is  tlx  negative  of  the  work  done  by  gravity.  bjM.  - f/#1# , 


SET  Up:  Tbc  center  of  mass  of  the  ladder  is  at  its  center.  1 .00  m from  each  end 
yM  = (1  .GO  m I sin  53.0;  = 0.799  m . y.#J  = 1 .00  m . 

EXECUTE:  - <9.00  kgM9.80  m\JK0.799  m-1.00  m)=  -17.7  J . The  »«k  done  by  Uic  penon  u 17.7  J. 

EVALUATE:  The  gravity  force  is  downward  and  the  center  of  mass  of  the  Udder  moves  upward,  so  gravity  docs 
negative  work.  The  person  puslxs  upward  and  decs  positive  work. 

Identify : U = Mgy^ . A U =U5  -t/( . 

SET  UP:  I lalf  tlx  rope  has  mass  1 .50  kg  and  Ungth  12.0  m.  Let  y - Oat  the  top  of  the  clifT  and  take  ♦>  to  be 
upward.  The  center  of  mass  of  the  hanging  section  of  rope  is  at  its  center  and  \\mt}  - -6.00  m . 


Execute:  AU-V,-U,  - ->...,>-(1.50  kgX9.K0  mV'x-6.00  m-0>^  -88.2  J . 

Evaluate:  The  potential  cixrgy  of  the  rope  decreases  when  part  of  the  rope  mows  downward. 

Identify:  Apply  Eq.<9.19).  the  parallel-axis  theorem. 

SET  UP:  Tbc  center  of  mass  of  the  hoop  is  at  its  geometrical  center. 

Execute:  in  Cq.  (019).  - m!  aodd-ff’,  = 2 .u/f-. 

EVALUATE:  / is  larger  for  an  axis  at  the  edge  than  for  an  axis  at  the  center.  Some  mass  is  closer  than  distance  R 
from  tbc  axis  but  sonx  is  also  farther  away.  Since  / for  each  paccc  of  the  bocp  is  proportional  to  the  square  of  the 
distarxc  from  the  axis,  the  increase  in  distance  has  a larger  effect. 

Idem  IF Y : Use  Eq.|'9.19)  to  relate  / for  the  wood  sphen:  about  the  desired  axis  to  / for  an  axis  akmg  a diameter. 
SET  UP:  For  a thm-walled  hollow  sphere,  axis  along  a diameter.  / - 4 MR' . 

For  a solid  sphere  with  mass  .1/  and  radius  R.  ! m - for  an  axis  along  a dianxicr. 
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vl 


Execute:  Find  d Mich  that  /,  - / + \td:  %v ith  /,  - 4 A//?: : 

=4Aflrl  +Mdl 

The  factors  of. I / divide  oul  and  th:  equation  becomes 
d - *j\  1 0 - 6>  <T  5/?  - 2RiJis  - 0.516/?. 

The  axis  b parallel  to  n dianxlcr  and  b 0.516/?  from  the  center. 

Evaluate:  /M-(lead)  > /,» Iwod)  even  though  A/  and  R are  the  same  since  for  a hollow  sphere  all  the  mass  is  a 

distance  R from  the  axis.  Eq.<9.19)  avs  /,.  > so  there  must  be  a d where  /,.fwoodl  - /^.(leadt. 

IDDOIIY:  Using  the  parallelaxts  theorem  to  find  tbe  moment  of  inertia  of  a thin  rod  about  an  axis  through  its 
end  and  perpendicular  to  the  rod. 

SKI  UP:  The  center  of  mass  of  the  rod  is  at  its  center,  and  / - . 


Execute:  / - / 


' - 12  \2J  3 

EVALUATE:  / is  larger  when  th:  axis  is  not  at  the  center  of  mass. 

IDENTIFY  and  Sir  Up:  Use  I:q.(9.l9>.  The  cm  of  the  sheet  is  at  its  geometrical  center.  The  object  is  sketched  in 
Figure  9.57. 

Execute:  /. 


From  pari  <c>  of  Tabic  9.2, 

The  distance  d oFP  from 
the  cm  e« 

>l  = ^al2l‘r,bf2)!. 

F igure  9.57 

Thus  + + 

4M(<r*+6*) 

Evaluate:  - 4/fc-.  For  an  axis  through  P mass  is  farther  from  the  axis. 

9.58.  Idem  IPX  : Consider  the  plate  as  made  of  slcn&r  rods  placed  side-by-side. 

SET  UP:  Tbe  cxprcssxm  in  Tabic  9.2(al  gives  / for  a rod  and  an  axis  through  tfo:  center  of  the  rod. 

EXECUTE:  (u)  / is  the  same  as  for  a rod  with  length  a:  / - ^.l 1<t  . 

<l>>  / is  the  same  as  for  a rod  w ith  length  h:  / - j-Mh1 . 

Evaluate:  / is  smaller  when  the  axis  is  through  the  center  of  the  plate  than  when  it  is  along  one  edge. 

9.59.  IDENTIFY:  Use  the  equations  in  Table  9.2.  / for  the  rod  is  the  sum  of  / for  each  segment.  TTic  parallel  axis 
theorem  says  = Im  ♦ Md . 

SKI  UP:  Tbe  bent  rod  and  axes  a and  h are  shown  in  Figure  9.59.  Each  segment  has  length  Lt '2  and  mass  A / /2 . 
EXEC  t ill:  I a)  For  each  segment  the  moment  of  inertia  is  for  a rod  with  mass  A/  / 2 . length  Li 2 and  the  axis 

through  one  end.  For  ooc  segment.  /,  - ij  jj  ^ j - . For  the  rod.  - 2/%  - J-A/l: . 

< l»  > The  center  of  mass  of  each  segment  is  at  the  center  of  the  segment,  a distance  of  Li  A from  each  end.  For  each 

segment.  - — J ||  — | - - — ML' . Axis  A is  a distance  L/4  from  the  cm  of  each  segment,  so  for  each 


torment  the  parallel  axis  theorem  gives  / fee  axis  A to  he  / - —.ML 

96 


//  raid  L -2/ Ml  . 
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9.63. 


9.64. 


Evaluate:  / for  these  two  axes  arc  the  same. 


•i 


cm  1/2 

t 


Figure  9.59 


IDIXIIFY:  Apply  the  parallel-axes  theorem. 

SETUP:  In  Eq(9. 19).  !%mt  ~ ^L*and  d-{L/2-h). 


Execute:  /-A/ 


±rf+f£-4' 

-.1/ 

12  v 2 ) 

.12  4 

-A/ll  L*-Lk+k* 
3 


which  is  the  same  as  found  xn  Example  9.11. 

EVALUATE:  Example  9. 1 1 shows  that  this  result  gives  th:  expected  result  for  h - 0 . k - L and  h-Lll . 
Identify:  Apply  Eq.(9.20). 

SET  UP:  dm  - pdV  - p{2xrL  dr) . where  /.  is  the  thickness  of  the  disk.  M - xLpR3 . 

EXECUTE:  The  analysis  is  identical  to  that  of  Example  9.12.  with  the  lower  limit  m the  integral  being  zero  and 
the  upper  limit  being  R.  The  result  is  / - LMR‘ . 

Evaluate:  (>ur  result  agrees  with  Table  9.2(f). 

Identify:  Eq.|  9.20>,  / = fr*  dm 
SET  UP: 


Figure  9.62 

Take  the  a* axis  to  lie  along  the  rod.  with  the  origin  at  the  left  end.  Consider  a thm  sl>:e  at  eexmlinate  x and  wxith 
dr.  as  shown  m Figure  9.62.  The  mass  per  unit  length  foe  this  rod  is  .1/  £.  so  the  mass  of  this  sIkc  is 
dm  = (\f/L)dx. 


Execute: 


f ^ f V(A# fl)  dx  - (M /I)J  V dx  - ^ -.1 H: 


Evaluate:  This  result  agrees  with  Table  9.2. 
IDENTIFY:  Apply  Eq.(9.20). 

SET  UP:  For  this  case,  dm  - / dx. 

E XBCI) TE:  (u)  .1/  - j dm mjyxdxmy—  ^ — 


(b)  / - I x:{rx\dx 


Thisil 


^ ( ^ larger  thin  the  moment  of  ircrlia  of  a uniform  rod  of  the  same 

max*  and  length,  since  the  mass  density  is  greater  further  away  from  the  axis  than  nearer  the  axis. 

(c)  mr!Lm!Lt* . 

This  is  a third  of  the  result  of  part  tb).  reflecting  the  fact  that  mere  of  the  mass  is  concentrated  at  the  nght  end. 
EVALUATE:  For  a uniform  rod  with  an  axis  at  one  end,  / - - A//.‘ . The  result  in  (b)  is  larger  than  this  and  the 
result  in  (a)  is  smaller  than  this. 

IDF-VUFY:  We  know  that  »•  - rm and  ! is  tangential.  We  know  that  = rm*  and  is  in  toward  the  center  of 
the  wheel.  See  if  the  vector  produrt  expressions  give  these  results. 

SET  Up:  | A x /*|  - ABtinf . where  **  is  the  angle  between  A and  B 

EXECUTE:  (u)  For  a counterclockwise  rotation,  A)  will  be  out  of  the  page. 
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(b)  The  upward  direction  crowd  into  the  radial  direction  is.  by  the  right-hand  rule,  counterclockwise.  & and  r arc 
perpendicular,  so  the  nugnztudc  of  to  x t is  rur  = v . 

(c)  to  is  prrpcndicular  to  »'  and  so  <9  < »‘  has  magnitude  an'  - and  from  the  nght*haixl  rule,  the  upward 
direction  crossed  into  the  counterclockwise  direction  is  inward,  the  direction  of  d 

Evaluate:  If  the  wheel  rotates  clockwise,  the  directions  of  & and  v are  reversed,  but  a is  still  inward. 

9.65.  IDENTIFY:  Apply  0 - ax  . 

SKT  UP:  For  alignment,  the  earth  must  mine  through  60°  more  than  Mars,  in  the  same  time  t.  ta  - 360°.’  \t  . 
»-«360“/<1.9  yr). 

EXECUTE:  0 - O"  r 60" . aj  - mj  *■  60“  . 

' “ ^ - W(I10-9,T ' '•9  ^;l>i0-352  ^ ^ 128  da>‘ 

l>r  1.9  yi 

Evaluate:  Earth  has  a larger  angular  velocity  than  Marv.  and  completes  one  orbit  in  less  time. 

9.66.  IDENTIFY  and  SET  L P:  Use  l:qs.(9.3)  and  (9.5).  As  long  » a,  > 0.  ft*  inrreases.  At  the  / when  r/  - 0.  ta  is  at 
iLs  maximum  positix’c  value  aixl  then  starts  to  decrease  when  tt . becomes  negative. 


9.67. 


9.68. 


Execute:  (u)  <at{t)  - — - - — ‘ 2/i 

di  dt 

0,taA0a^Jklz2fin,2r-w 

(cl  The  maximum  angular  velocity  occur*  when  a . - 0. 

2y-6/>«0  hnpfca  -X.31 

6/y  IB  3(0.500  rad  s ) 


At  this/,  ta  - 2yt~y/k:  « 2(3.20  RKl<<si)f2.l33  s)-3(0.5CO  rad  s 1(2  133  %y  = 683  rad  s 
The  maximum  positive  angular  velocity  is  6.83  rad  s and  it  txcurs  at  2.13  s. 

Evaluate:  For  large  / both  ru  and  <t . arc  ncgitix^c  and  ta  increases  in  magnitude.  In  fact,  tam  — > — x at 
t ->  x.  So  the  answer  in  (c)  is  not  the  largest  angular  speed,  just  the  largest  positive  angular  velocity. 
iDIXiitY:  The  anguLir  federation  a of  the  disk  is  related  to  the  linear  acceleration  it  of  the  ball  by  a - Ra  . 

Since  the  acccleraticoi  is  not  constant,  use  » - J(  adt  and  0-0^.-  tadt  to  relate  0 . a*  . am  and  t for  the 


disk.  ta>.  ^0. 

SET  Up:  I t'di — /**'.  In  a - Rtt . a is  in  rad's3 . 

Execute:  (ui  A - — - 1 ' A'  ’ - o.60(>  mV 
/ 3.00  s 

<h>  a - — - f0^00  m * " _<2.40 
R 0.250  m 

<c>  ta  - j (2.40  rad  s') tdi  - (1.20  raJ  s')/1 . ft*.  - 15.0  rad’s  for  / - - 3.54  s . 


<d)  0-0v^  ^tadt-j  <1.20  rads1)/1*//-  (0.400  rad  % V . For  l«354  s.  0-0,  -17.7  rad 

Evaluate:  If  the  disk  ha;l  turned  at  a constant  angular  xelocity  of  1 5.0  rad  s for  3.54  t it  xx\>uld  have  turned 
through  an  angle  of  53.1  rad  in  3.54  s.  It  actually  turns  through  less  than  half  this  because  the  angular  velocity  is 
increasing  in  time  and  is  less  than  15.0  rad  s at  all  but  the  end  of  the  interval. 

iDE.MItN  and  SET  L'P:  Tlx  translational  kinetic  energy  is  K and  the  kinetic  energy  of  the  rotating 

flywheel  is  K - j/tf.  Use  the  scale  speed  to  calculate  the  actual  speed  v.  From  that  calculate  K foe  the  car  and 
then  solxc  for  ft*  that  gives  this  K fee  the  flywheel. 


9.69. 
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v L 

Execute:  (■)  — -—-L 


V — V 


£^|=<7IX>  knvh  >j  j - 35.0  km* 

v„  = (35.0 kialilllCKH) m'l  km«l  Iv 3600 »)  = 9.72  mi 
(h>  K - lmv:  - iiO.ISO  kg|<9.72  nul  - R.50  J 

(c>  K - l lot1  gives  lhal  m - = / 50  1>  65,  ^ 

• B V / V 4.00x10 1 kg  m* 

Evaluate:  K -Z/to:  gives  to  in  rads.  652  rad's  - 6200  nvHnin  so  the  rotation  rate  of  the  flywheel  ix  very 
large. 

IDLMIFY:  - rtt . - rtt?  . Apply  the  constant  arcclcration  equations  and  V F - /;*» 

SET  UP:  aUt  and  <1^  arc  perpcndseular  components  of  a . so  a - -t  . 

Execute:  (ui  « - — - 1 1 ,n  v ^ 0.050  rad/x* 
r 60.0  m 

|b>  at  - <0.05  rad/x*'K6.X  s)- 0.300  rad/s. 

(c>  at ^ = a t:r  - (0.300  rad/s)3  (60.0  m>  - 5.40  m/sJ . 

(d)  The  sketch  is  given  in  Figure  9.69. 

(e)  a - <Ja'tat+as^  - ^(5.40  m/sV  -f  <3.00  m/s* - 6.18  m/s\  and  th:  migmtudc  of  the  force  is 
F=*m*(1240  kg >6. IK  m/x3 ) - 7.66  kN. 

EVALUATE:  is  constant  and  increases  as  to  increases.  At  / - 0 . a ix  parallel  to  i . As  t increases. 

a moves  toward  the  radial  direction  and  th:  angle  between  a increases  toward  90" . 


Figure  9.69 

IDIA I1FY : Apply  conscrvatxm  of  energy  to  th:  system  of  drum  plus  falling  mass,  and  compare  the  results  for 
earth  and  for  Mars. 

SET  UP:  A'a..  =4/^  A_,.  - d®iv5 . v - Rto so  if  is  th:  same,  to  is  tlic  same  and  1 ix  the  same  on  both 

planets.  Therefore.  ix  the  same.  Let  y - Oat  the  initial  tvight  of  the  mass  and  take  -f  y upward 
Configuraticei  1 is  when  the  mass  rt  at  its  iiutial  position  and  2 is  when  the  rmss  has  descended  5.X  m.  so 
yx  - 0 and  y2  - -h  % where  h is  the  height  th:  rmss  descends. 

Execute:  (u)  K.  + L\  - Kl  *t6\  gives  0 - A'  r K - ng/i  . A t A'  arc  the  same  on  both  planets,  so 


T?s*  A - mgMAM  . A.  - /1  ' I - (5.00  m l — — — I - 13.2  m . 

) l 3.71  mV 


8k  I- 
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(b)  mgj^  = . 4«V*  - ««***  “ **-. 

. - - ^(3.71  nvVHIi.Zm)-2*2^1  ^ 8.04  mfe 

Evaluate:  We  dxl  the  tabulations  without  knowing  the  moment  of  inertia  / of  the  drum.  or  tlie  mast  and  radius 
of  the  drum. 

I DEM  in  and  SET  UP:  All  points  on  the  belt  move  with  the  xanx  speed.  Since  the  belt  doesn't  slip,  the  speed  of 
tlx  belt  is  the  «nu:  as  the  speed  of  a point  on  tlx  rim  of  the  shaft  and  »m  the  rim  of  the  wheel,  and  these  speeds  are 
related  to  the  angular  speed  of  each  circular  ctoject  by  i — no. 

Execute; 


E if  u re  9.71 

(a)  v;  -»;« 

ta  - 160.0  rcv'  s)(2^  rad  1 rev)  - 377  rad  s 
V|  ^ rfi\  - <0.45  x 10  J mK377  rads)  =•  1.70  m s 
(b>  v,=v\ 

W 

t<K  ^ (rttr}  )a>  - <0.45  cjtv’2.00  cm)(377  rad.  %)  ^ 84.8  rad  s 

Evaluate:  The  wheel  has  a larger  radius  than  the  shaft  so  turns  slower  to  have  tlx  same  tangential  speed  for 
points  on  the  nm. 

IDENTIFY:  Tlx  Speed  of  all  points  on  the  beh  is  the  same,  so  /jai.  - applxs  to  the  two  puller's 

SET  UP:  The  seeond  pulley,  with  half  the  dianxicr  of  tlx  first,  must  have  twvcc  the  angular  velocity,  and  this  is 

the  angular  velocity  of  the  saw  blade,  t rad  's  - 30  rev 'mm  . 

EXECUTE:  (■>  v,  - (’(3450  rev/min»!  — rjd>  !|  OJOS  m I - 75. 1 m/%. 

!.  30  rev.  min  2 ) 


(b)  aIMi  = co:r  - j 2(3450  rcv/min)j 


|-  5.43x10*  m/sJ, 


t rail's  1 1 f 0.208  m 
30  rev/min ))  { 2 

so  the  force  holding  sawdust  on  the  blade  would  have  to  be  about  5500  tinxs  as  strong  as  gravity. 
EVALUATE:  In  »*-r<uand  -r<v‘ . a?  must  be  in  rad's. 

iDLMin  and  SET  L’P:  Use  K:q.(9.l$)  to  relate  to  ta  and  then  use  a constant  acceleration  equation  to 
replace  to. 


■f. 


+11 


r«4 


EXECUTE : (a)  a 

Aa-  0- 1 a > 

One  of  the  constant  acceleration  equaticeis  can  be  written 

=<*',  'WO, -OX  or  ^ 2a,{0,-0,) 

Thus  Xj  - rlct  (0s  -0  \-  Ira  (0.  - 0. ).  as  was  to  be  shown. 


ib» « = Ad-1 


85. 0 mV  -25.0  m V 


- 8.00  rid'sf 


2r(0,  -0,)  210.250  m 1(15.0  rail) 

Tlxn  au,  - ra  = <0.250  mX&OO  rad's*)  = 2.00  tn’s* 

EVALUATE:  to:  is  proportional  to  a and  (0-0,)  so  a ^ is  also  proportional  to  these  quantities,  itxreascs 
while  r stays  fixed.  « increases,  and  r/.  is  positive. 

IDENTIFY  and  SET  UP:  Use  Eq(9. 1 7)  to  relate  K and  m and  then  use  a constant  acceleration  equation  to  replace 
Execute:  (c)A'-^;  A 

\K  =A\-*,  -£/(«? -«{*)& ^/<2<er  (0J-0))-/a  (0,-^).  as  was  to  be  shown 
AA  45.0  J-20.Q  J 


- 0208  kt  m 


aJ0:  I 18.00  rad  s*  *15.0  rad) 

EVALUATE:  a is  positive,  to  increases,  and  K increases. 
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IDI.M1FY:  / - ♦ /w.  m - pK  . where  p is  the  volume  density  and  m - a.\  . where  tr  is  the  area  drnuty. 

Si:r  UP:  For  a solid  sphere.  / - imR! . For  the  hollow  sphere  (foil),  / - ln\R: . Foe  a sphere.  V - 4** 1 and 
A - 4*tR*  . - pVm  - p% .1*7?* . rrL  - trt  .44  - ^ 4.vrt: . 

Execute:  / -Zm.R'  +j/nLR’  -l|  p^jxR1  1 7?* +^<174  4*7?*  y?*  -1*J?*|  J-r— *^1 

/.fooo .,•[■”  llym.J,.7Iii,  ., 

EVALUATE:  - 26.H  kg  am!  /*  - 0.429  kg  m:  . mL  =10.1  kg  and  IL  - 0.268  kg  m*  . F.vcn  though  the  toil  is 

only  27%  of  the  total  mavs  its  contribution  to  / is  about  38%  of  the  total. 

IDIA I1FY:  Estimate  the  shape  jnd  dimensions  of  your  body  and  apply  the  approximate  expression  from 
Table  9.2. 

SET  UP:  I approximate  my  body  as  a vertical  cylinder  with  mavs  80  kg.  length  1.7  m.  are!  diameter  0.30  in 
(radius  0.15  m) 

Exit  in;  / - i™*;  - I(S0  kg)  (0.15  m)‘  = 0.9  kg  m' 

EVALUATE:  / depends  on  your  mass  and  wxllh  but  not  on  your  height. 

Identify  : Treat  the  V like  two  thin  0. 160  kg  bars,  each  25  cm  king. 

SET  UP:  For  a slender  bar  with  the  axis  at  one  end.  I - i/wt . 

Execute:  !.•«/.  J - 2)  I |<o.  160 kg)<0.250  m)1  ^ 6.67x10  ‘ kg  mJ 

EVALUATE:  The  value  of  / u indcpciutcnl  of  ihe  angle  bclivccn  the  two  ixlc*  of  the  V:  the  angfc  70. O'1  didn’t 
enter  into  the  calculation. 

Identify:  K -^Itf  . - rtf . m-pT  . 

SET  Up:  For  a disk  with  the  axis  at  the  center.  / - r «/?'  • V - t.rR‘ . where  / - 0.  lt»  m is  the  thickness  of  the 
flywheel,  p-  7800  kg/m’  is  the  density  of  the  iron. 

Execute:  (u)  to - 90.0  rpm  - 9.425  rail's . / - — 11 — ■ — -1-  2.252 x 10*  kg • m‘  . 

1 ^ IS  19.425  rad/s>*  6 


trt  - f*'  - pzR:t . J - - —pztR* . His  gives  R - (2 Ifpxif"  - 3.68  m and  the  diameter  is  7.36  m. 

(b)  atml  - Ref  - 327 m/s J 

EVALUATE:  In  K - leicf . wmust  he  in  rad's.  is  about  33g:  the  flywheel  material  must  have  large  cohesive 
strength  to  prevent  the  flywheel  from  flying  apart. 

IDENTIFY:  K -*!tf . To  have  th:  same  K for  any  to  the  two  parts  nw«  have  the  same  /.  Use  Table  9.2  for  /. 

SET  UP:  For  a solid  sphere.  /-4J  - • For  a hollow  sphere. 

EXECUTE:  give*  *’  *>d  - t*',.,  = i'f 

EVALUATE:  The  liolkiw  sphere  lias  less  mass  since  all  its  mavs  is  distributed  farther  from  the  rotation  axis. 

IDFAUFY : K -+Jto'  to — . where  7*  is  the  period  of  the  motion.  For  the  earth's  orbital  motxm  it  can  be 

treated  as  a pixnt  mass  and  / - MR3 . 

SET  UP:  The  earth's  rotational  period  is  24  h - 86,164  x . Its  orbital  period  is  1 >t  - 3. 156*  10  s . 

At  - 5.97x10*  kg.  R-  6.3S*10‘  m. 


Execute: 


_ 2.I4»IP,‘  J 

r (86.164  *>’ 


(b>  -^,S.97.lO*kg,..S0..0"|n^B266x|0“ 

2 \ T f (3.156x10  s)* 


(c)  Since  the  Earth's  moment  of  ioertii  is  levs  than  that  of  a unifomi  sphrre.  more  of  the  Earth's  mavs  must  be 
concentrated  near  its  center. 

EVALUATE:  Thew  kinetic  energies  are  very  large,  because  the  mass  of  the  earth  is  very  large. 
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9.K0. 


9.81. 


9.82. 


IDENTIFY:  Using  energy  considerations,  the  system  gains  as  kinetic  energy  the  lost  potential  energy.  mgR. 

SET  UP:  The  kinetic  energy  is  A'  - i/af  ♦ imv*' , with  / - ±mR*  for  the  disk,  v - Rta . 

EXEftrTE:  AT-— to?  + i«i  (toR  >*  -— (/  + uiR * ) . Using  / - ~«i£*  and  solving  for  c u,  ttt  - — — and  to  - Ji-iL, 

222  1 R 13  R 


Evaluate:  The  small  object  his  speed  v - ^-^2gR  . If  it  was  not  attached  to  the  disk  and  was  dropped  from 

height  h . it  would  attain  a speed  yj2gR  . Iking  attached  to  the  disk  reduces  its  final  speed  by  a factor  of  ^-1 . 

I DEV  I1FY : Use  Eq.(9 20)  to  calculate  /.  Then  use  K - |/af  to  calculate  A'. 

(a)  SET  Uf:  The  object  is  sketched  in  Figure  9.81. 


Consider  a small  strip  of  w idth  J\ 
anJ  a distance  y below  the  top  of  tlie 
triangle. 

The  length  of  the  strip  is 
x~tyfh)b. 


Figure  9.81 


Execute:  Hie  Strip  has  area  .r  dr  and  th:  area  of  the  sign  is  Lhh.  so  the  mass  of  the  stnp  is 


Jm  - At 


xJy 


dI=Udm)x!  = 


2 Mb' 

— 


2 Mb*  I 

Ty  I ’ 


<l»  =2.304  kg  m1 

to  - 200  rev  s - 4.00*  rad's 


I 

6 


I 


K - ±ho'  - 1S2  J 

EVALUATE:  From  Table  (9.2),  if  the  sign  were  rectangular,  with  length  b.  then  / =l.Ub>.  Ourrenih  is  one-half 
this,  since  mass  is  closer  to  the  axis  for  the  triangular  than  to  the  rectangular  stupe. 

Idem  it  y : Apply  conservation  of  energy  to  th:  system. 

SET  Up:  For  the  falling  mass  K - imr: . For  the  wheel  K - 1 1 to* . 

Execute:  la)  The  kinetic  energy  of  the  falling  mass  after  2.00  in  is  K - - «(8.00  kg)(  5.00  ms)-'  - 100  J 


The  change  in  its  potential  energy  while  falling  is  mgh  -(8.00  kg||9.8  m/sJ)(2.00  m)  - 156.8  J . The  wheel  nun 
have  the  “missing"  56.8  ) m the  form  of  rotational  kinetic  energy.  Since  its  outer  rim  is  moving  at  the  &ime  speed 


[he  falling  mass.  5.00  m s . i - no gives  to 

r 


5.00  m ’s  1 

13.51  rads.  A'  — I to’:  therefore 

0.370  m 2 


2K  2(56.8  J) 
F (13.51  rad'*)' 


0.622  kgm!. 


(bl  The  wheel's  maw  is  (280  N 1/(9. 8 m/s1 ) - 28.6  kg  . The  wheel  with  (lie  large*!  possible  mo  men!  of  inertia 
would  have  all  this  mass  concentrated  in  its  rim.  Its  moment  of  inczlia  would  he 
/ - UK'  - ( 2S.6  kg )(0.370  m)’  ^ 3.92  kg  m*  . The  boss’s  whxl  is  physically  impossible. 
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9.83. 


9.84. 


EVALUATE:  If  the  maw  falls  from  rest  in  free-fall  its  speed  after  it  has  descended  2.00  m is 
v - yj2g[2Sfi  m|  - 6.26  m‘s  . Its  actual  speed  is  less  because  si>mc  of  the  energy  of  the  system  is  in  the  form  of 
rotaticeial  kincl>c  energy  of  the  wheel. 

iDEMltY:  Use  conservation  of  energy.  The  stick  rotates  about  a fixed  axis  so  K - Once  we  have  use 
v-  rto  to  calculate  v for  the  end  of  the  stick. 

SET  UP:  The  object  is  sketched  in  Figure  9.83. 


Take  the  origin  of  coordinates  at  the  lowest  point  readied  by 
the  stKk  and  take  the  positive  v '•directum  to  be  upward. 


Execute:  lu>  Use  l!q.|9.18j:  V ^ 

The  center  of  mass  of  the  meter  stick  is  at  its  geometrical  center,  so 
- 1.00  m and  -0.50  m 

Then  MJ  - (0.160  kg *9.80  mi' *0.50  m -1.00  m)  - -0.784  J 

< 1»  > Use  conservation  of  energy:  A,  *f  L\  + - K1  *f  Us 

Gravity  is  the  only  force  that  dc*rs  work  on  the  meter  stick,  so  - 0. 

A',  - 0. 


Thus  K,  -L\  — C/j  =-AL(.  where  AIS  was  calculated  in  part  (a) 

Ki  - TlMl  40  “ -AC/  and  - j2(-AU).'l 

For  stick  pavoted  about  one  end.  / - LML2  where  /.  - 1 .00  m.  so 


- 5.42  rad  s 


6(-AC/»  / 6(0.784  J> 

A//.  Y 1 0. 1 60  kgM  1 .00  m l* 

(c>  v - r<v  - < 1 .00  mK5.42  rad  Si  5.42  m's 
Id)  For  a particle  in  free-fall,  with  upward. 
y4,  - 0;  v - y4  « - 1 .00  m;  a%  - -9.80  m'sJ ; v 

= + 2i,  (>*->„> 


v - -^2a  (y-  yv)  - -^2(-9.S0  m s;)(-llXi  ml  - -4.43  ns 

EVALUATE:  The  magnitude  of  the  answer  in  pari  <c)  is  larger.  C/(  ^ rs  the  sanw  for  the  stick  as  for  a panicle 
falling  from  a height  of  1.00  m.  For  the  stick  A - y/ft^  -^(4A//.')fv  ' L)3  -^.l/v*.  For  the  stick  and  for  the 


particle.  A':.  is  the  same  hut  the  same  A'  gives  a larger  i for  the  end  of  the  stick  than  fee  the  particle.  The  reason  is 
that  all  the  other  points  along  the  stick  arc  moving  slower  than  the  end  opposite  the  axis. 
iDEMltY:  Apply  conservation  of  energy  to  th:  system  of  cylinder  and  rope. 

SET  UP:  Taking  the  zero  of  gravitational  potential  energy  to  be  at  th:  axle,  the  initial  potential  energy  is  zero  Oh: 
rope  is  wrapped  xn  a circle  with  center  on  the  axle). When  the  rope  has  unw  ound,  its  center  of  mass  is  a distance 
.7  A below  the  axle,  since  th:  length  of  the  rope  is  2.7 A and  hilf  this  distance  is  the  position  of  the  center  of  the 
mass.  Initially,  every  port  of  the  rope  is  moving  with  speed  w,R.  and  when  the  rop:  has  unwound,  and  the  cylinder 
has  angular  speed  w.  the  speed  of  the  rope  is  taR  (the  upper  end  of  the  rope  has  the  some  tangential  speed  at  the 
edge  of  the  cylinder).  / - (l/2).l /A*  for  a uniform  cylinder. 
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9.85. 


9.86. 


EXECUTE:  AT,  - K3  * b\  . | — t R\a\  - — i | R*af  - Solving  for  m gives 


j . 1 4xuig  !R ) 

ra  - ln%  — , and  Ibc  speed  of  any  part  of  the  rope  it  v - c oR . 


EVALUATE:  When  m -t  0 , -♦  fa0  . When  m»M . m - W -t  ^lliL  and  x - Ax\  + IxgR  . This  k the  final 


tpeed  when  an  object  with  initial  speed  v,  descends  a distance  r/f . 

IDENTIFY:  Apply  conservation  of  eorrgy  to  th:  system  consisting  of  blocks  .*1  and  B and  the  pulley 
SET  Up:  The  system  at  points  I and  2 of  its  motion  is  sketched  in  Figure  9.85. 

V2 


Ibfe 


Figure  9.85 

Use  the  work -energy  relation  A',  +6’,  + Hflt  l - Ki  +6\.  Use  coordinates  where  is  upw  ard  and  where  the  origin 
is  at  the  position  of  block  B after  it  has  descended.  The  tension  in  the  rope  does  positive  wxxrk  on  block  A and 
negativ  e work  of  the  same  magnitude  on  bltxk  B%  so  the  net  w ork  done  by  the  tension  in  the  rope  is  zero.  Doth 
blocks  have  th:  same  speed. 

Execute:  Gravity  does  work  on  block  B and  kinetic  friction  does  work  on  Mock  A.  Therefore 
« A«a»* 

A',  = 0 (system  is  released  from  rest) 

UX  - "Kg'.i  - ">,gd-  U,  - mtgyn  - 0 

A'.'  - rm-v?  * * r* - 

Bui  v(block%)  - Jbufpullcy).  *o  ta--vlIR  and 

+ W*>*  =*<». 

Putting  all  this  into  the  work-energy  relation  gives 
<*.gd  - urn  ed  - ±<m  *■  n * //fl1 )»-' 


,I!R‘),^2gd(m  -am J 


2vJ(ail  -aui  | 


m,  -nUftllR' 

(VAUilf:  If  m,  » m,  and  UR1,  then  v,  - jlgd ; block  H fall*  freely.  If/ u very  Large,  i\  is  very  small. 
Must  luxe  mM  > y tim4  ftir  motion,  so  the  weight  of  B will  be  larger  than  the  friction  force  on  A.  I f R?  has  units  of 
mass  an;!  is  m a sense  the  "ctYrelivc  inass~  of  the  pulley. 

IDF.MIFY : Apply  conservation  of  energy  to  th:  system  of  two  blocks  and  th:  pulley. 

SET  L’P:  Let  the  potential  energy  of  each  block  be  zero  at  its  initial  position.  The  kinetic  energy  of  the  system  is 
the  sum  of  the  kinetic  crcrgics  of  each  object,  v - Rm  . where  \ ts  the  comma)  speed  of  the  blocks  and  n>is  th: 
angular  velocity  of  the  pulley. 

Execute:  The  amount  of  gravitational  potentu!  energy  which  has  become  kinetic  energy  is 
K - (4.00  kg -2.00  kg)|9.80  m/s*')(5.00  m|-98.0  J.  In  terms  of  the  common  speed  v of  the  blocks,  the  kinetic 


gy  of  the  system  is  K - -171  + )r*  t — — 


A - v * -lj  4.00  kg  r 2. CO  kg  + - — ^'*’r  1,1  - y*(l2.4  kg).  Solving  for  v gives  v - ^ ^ ^ 


2.81  m/ 
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9.87. 


9.88. 


9.89. 


Evaluate:  If  the  pulley  is  rusless,  9K.0  J = 4(4.00  kg  + 2.00  kg  lv  * ami  v - 5.72  in's  . The  moment  of  inertia 
of  the  pill  ley  reduces  tlx  final  speed  of  the  block*. 

lDEM1f\  and  S*:r  L'P:  Apply  conservation  of  energy  to  the  molxm  of  the  boop.  Use  Eq.(9.l8)  to  calculate  £/glf#. 
Use  A'  - LI(a'  for  the  kinetx  energy  of  tlx  hcxip.  Solve  fee  ».  The  center  of  mas*  of  tlx  hcxip  is  at  its  geonxlrical 


center. 


Take  the  origin  to  be  at  the  original  location 
of  the  center  of  the  hoop,  before  it  is  rotated 
to  one  side,  as  shown  m figure  9.S7. 


>;,u  = R-Rco&P  - /?(1-  cos p) 

y\m j - 0 (at  equilibrium  position  hoop  is  at  original  position) 

Execute:  AT,  * L\  ♦ * Ks  + L\ 

-0  (only  gravity  docs  work  l 
A - 0 (released  from  rest).  A%  -4^^ 

For  a hoop.  = MR’%  so  / - Afd3  ♦ MR'  with  d - R and  / - 2.1/A5,  for  an  axis  at  the  edge.  Thus 
Kt  = ^WR‘)w;  = .URW. 

U,  * - UgR(  1 -coiA  Ut  - mgy^  ■- 0 
Thui  - AT,  give. 

Ugm\-c<aP)  - AtfW  and  ci  - ,/g(l-c<u  //).'« 

Evaluate:  If  /?-0.  tlxn  ^ -0.  As  /J  increases,  ak  increases. 


I DEM  in:  A'  with  « in  rad  s.  P - 

Si:r  Up:  For  a solid  cylinder.  / - 4.1//U  . 1 rev  mm  » (2r.‘  60) rad's 

EXECUTE:  tu>  to = 3000  revtoin  -^314  rad's . / = 4(1000  kgKO.900  m)*  - 405  kg- m5 

A - i(405  kg  mi' M3 14  rad  s)*'  = 2.00 x|0:  J . 


<!>)'“ 

Evaluate: 

Identify: 


2.00x10’  J a|  pg>|o>  |a|7.9,nin. 

1.86x10  W 

In  K =4  to*  . we  must  use  in  rad 's. 

/ = /,+/*.  Apply  conserv  ation  of  energy  to  the  system.  The  calculation  is  similar  to  Example  9.9. 


SKI  Up:  e>  - — for  pan  (b)  and  /■>  - — Sir  pail  (cl. 

*i  K: 

EXECUTE:  (■)  / -i.l/,/1;  -.ilrf,#2  - i«0.H0  kgM2.50xl0  - m);  .(1.60  kgHS.OOxlO  J m)-> 


/ ^2.25-10'  kc-m2. 


(Ill  The  method  of  Example  9.9  yields  t 


V = 


2(9.80  m/sH2.0Q  m) 

(I.(|2.25«I0  ' kg  m‘)/<1.50knK0.025m)2)) 


2g* 

= 3.40  mfi. 


The  sanx  calculation.  with  R:  instead  of  R gives  v = 4.95  m/s. 

Evaluate:  The  final  speed  of  the  block  is  greater  when  the  string  is  wrapped  around  tlx  larger  disk,  i*  - R&%  so 
when  R - R:  the  factor  that  relates  r to  oy  is  larger.  For  R - i?;.  a larger  fraction  of  the  total  kinetic  energy  resides 
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9.90. 


9.91. 


9.92. 


9.93. 


with  the  block.  The  total  kinetic  energy  is  the  same  m both  eases  (equal  t ow^).  so  when  R - R:  the  kinetic  energy 
ind  speed  of  the  block  an:  greater. 

KDBXniY:  Apply  conservation  of  energy  to  t Yk  motion  of  tlue  mass  after  it  hits  the  around. 


Si:r  UP:  From  Exaimtc  9.9.  the  speed  of  the  mass  iust  before  it  hits  the  ground  is  v - 


l-t  M f 2m 


Execute:  (a>  In  the  ease  thit  no  energy  is  lost,  tbc  rebound  Itciuht  »V  is  related  to  the  speed  v by  fi . and 

with  the  form  for  v given  in  Example  9.9.  h - - — 

(b)Consi&ring  the  system  as  a whole,  some  of  tfo:  initial  potential  energy*  of  the  mass  went  into  tlx  kinetic  energy* 
of  the  cylinder.  Considering  the  mass  alone,  the  tension  in  the  string  did  work  on  the  mass,  so  its  total  energy  k not 
conserved. 

Evaluate:  If  m » 3/  . h'  -h  and  the  miss  docs  rebound  to  its  initial  height. 

IDEVHFY:  Apply  conservation  of  energy  to  relate  the  height  of  the  mavs  to  the  kiixiic  energy  of  the  cylinder. 
SET  UP:  First  use  A'l  cylinder)  - 250  J to  find  m for  the  cy  linder  and  v foe  the  mass. 

EXECUTE:  I -i MU'  - i<  1 0.0  kgMO. 150  m)' =0.11 25  kg  m' 

K - *1  n>  - -JlK.'I  - 66.67  rad  It 

v-  Rto  = 10.0  m’t 

SET  UP:  Use  conservation  of  energy  AT,  ♦ 6’t  - K:  +US  to  solve  fee  the  distance  the  mass  descends.  Take  y - 0 
at  lowest  point  of  the  mass,  so  \\  - 0 and  y,  - h.  the  distance  the  mass  descends. 

Execute:  Kx  = L\  -0wi’=  Ky 

mgk  - where  at  - 12.0  kg 

For  the  cylinder.  / = t.l fR*  and  a-vSR.  so  -2Afv*. 

mgh  - i/wi*  + 

2g{  2n, 

EVALUATE:  Tor  lie  cylinder  =4 lea'  - i(4.\W')<i'rt>:  -4M>:. 

A'__  =4mv\  *1  - (2ni/.W)K  ( — 1 2(  1 2.0  kgllD  0 kg](250  ll  = 610  i.  Ihc  nuu  hai  600  J of  kinetic  energy 

when  the  cylinder  has  250  J of  kinetic  energy*  and  at  this  point  the  system  has  total  energy  K50  J since  U3  - 0. 
Initially  th:  total  energy  of  the  system  is  [/,  - mgvt  - mgh  - S50  J.  so  the  total  energy  is  shown  to  be  conserved. 
iDIVlin : Energy  conservation:  Loss  of  U of  box  equals  gain  in  K of  system.  Both  the  cylinder  and  pulley  have 
kinetic  energy  of  th:  form  AT  -a/<\T  -t  — l 

SET  Up:  and  a>#4^ 


7 m 


Execute: 


igk  - T i — fx'Vc  I I — I • + TB,< 1 « an<J 


’ 2 


2 12 


(3.00  kg)|9.80  mV  HI  .50  m> 


= 3.68  m/s  . 


EVALUATE:  If  the  box  was  disconnected  from  the  rope  and  dropped  from  rest,  after  falling  1.50  m its  speed 
would  be  v - ^ 2#(1.50  m)  - 5.42  m's  . Since  in  the  problem  some  of  the  energy  of  the  system  goes  into  kinetic 
energy  of  the  cylinder  and  of  the  pulley,  the  final  speed  of  the  box  is  less  than  this. 

iDLMIPV:  / - . where  is  I for  the  piece  punclxd  from  the  disk.  Apply  the  parallel-axis  theorem 

cakuiitc  the  required  moments  of  inrtlia. 

SETUP:  For  a uniform  disk,  f -±AfR2 . 
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9.94. 


9.95. 


9.96. 


Execute:  (u)  The  initial  monxnt  of  inertia  is  /,  - i.i/Af*.  The  paece  punched  has  a mass  of  — - and  a monxnt 

16 

of  inertia  with  resrxet  to  the  axis  of  the  original  disk  of 


ILL!  ♦(*[  -—MR*. 

16  2\  4/  v2 y J 512 


The  moment  of  inertia  of  the  remaining  piece  is  then  / - -L.l/i?3  - — —MR'  - — 

2 512  512 

(b)  / l.UR:  * Af(/?/2),-^(A//l6Kif/4|J 

EVALUATE:  for  a solid  disk  and  an  axis  at  a distance  R/2  from  the  disk's  center,  tlx  parallel-axis  theorem  gives 
/ - lMRi  -4  MR  - r&MR3 . For  both  choices  of  axes  the  presence  of  tlx  hole  reduces  /.  but  the  effect  of  the  hole 
is  greater  in  part  <ak  when  it  is  farther  from  the  axis. 

Idem  in : In  part  (a)  use  tlx  parallel -ax is  theorem  to  relate  the  moment  of  inertia  for  an  axis  through  the 
center  of  the  sphere  to  /,. . the  moment  of  inertia  for  an  Axis  at  the  pitot. 

SET  UP:  / for  a uniform  solid  sphere  and  the  axis  through  its  center  is  . / for  a slender  rod  and  an  axes  at 
one  end  is  ±ntL‘ . where  n?  is  the  mass  of  the  reel  and  J.  is  its  length. 

EXECUTE:  (a)  From  the  purallcl-Axis  theorem,  the  moment  of  inertia  is  /*.  - (2/5).l/7f  * ^ ML\  and 

= j | ,|£  j|  £ | j.  If  R = (0.051/..  the  difference  a (2/5)(0.05>*  - 0.001  - 0.1%. 

(b>  which  is  033%  when  ^ (O.OI)Af. 

EVALUATE:  111  both  these  cate*  the  conrcUoa  to  / - ML 1 it  very  small. 

iDKVim : Follow  the  instructions  in  the  problem  to  derive  the  perpendicular- axis  tlxorem.  Then  apply  that 
result  in  part  <b). 

SET  UP:  / - y^my;’  . "Hie  moment  of  inertia  for  the  washer  and  an  axis  perpendicular  to  the  plane  of  the  washer 

at  its  center  is  + Ri)  . In  part  (b),  / for  an  axis  perpendicular  to  the  plane  of  the  square  at  its  center  is 

irMit!  + Li)^iML1 . 

Execute:  (u)  With  respect  to  0%  r?  - x*  ■*  y*,  and  so 
lo  = - £>(*,’  ■* 

ii  i / 

|b)  Two  perpendicular  axes,  both  perpendicular  to  tlx  washer's  axis,  will  have  the  same  moment  of  inertia  about 
those  Axes,  and  tlx  perpendicular- axis  theevem  predicts  that  they  will  sum  to  the  moment  of  inertu  about  the 
washer  axis,  whxh  is  / - -t  and  so  It  - !t  -±M{R*  * R^l 

(c>  i4  - iml\  Siixc  = lt  + lr  and  / - i% . both  / and  / must  be  i »i/-* 

EVALUATE:  The  result  in  pul  (c)  says  that  / is  the  xanx  for  an  axis  that  bisects  opposite  sides  of  the  square  as  for 
an  axis  along  the  diagonal  of  the  square,  even  though  tlx  distribution  of  mass  relative  to  tlx  two  axes  is  quite 
different  xn  these  two  cases. 

iDIAlin : Apply  the  paral lei -axes  theorem  to  each  side  of  the  square. 

SET  UP:  Each  side  has  length  a and  mass  .1/  <'4.  and  the  moment  of  inertia  of  each  side  about  an  axis 
perpendicular  to  the  side  and  through  its  center  is  - 4-  Mu’ . 

Execute:  The  moment  of  inertia  of  each  side  about  tlx  axis  through  the  center  of  the  square  is.  from  the 
perpendicular  axis  theorem.  — t j 4-  | - -p—  • The  total  moment  of  irxrtia  is  tlx  sum  of  the  contributions 
from  Ibc  four  sxlcs.  i*  4- 

EVALUATE:  If  all  the  mass  of  a ssdc  were  at  its  center,  a distance  at 2 from  the  axis,  we  would  have 

If  all  the  mass  was  divided  cquillv  among  the  four  comers  of  the  square,  a distance 


3/J2  from  the  axis,  we  would  have  / - 4J  — j- 


The  actual  / is  Ixtwcct;  these  two  values. 
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9.97. 


9.98. 


9.99. 


Identity : Use  Eq.|9.20)  to  calculate  /. 

(a)  SIT  Up:  l.ct  L be  the  length  of  the  cylinder.  Divid:  tbc  cylinder  into  thin  cylindrical  shells  ot’ inner  radius  r 

and  outer  radm*  r+dr.  An  end  view  is  shown  in  Figure  9.97. 


Figure  9.97 


p - at 

The  bums  of  the  thin  cylindrical  shell  is 
dm  - p dV  - pi l.rr  dr)L-  2xaLr:  Jr 


Execute:  / ^ J r1  dm  - IsaLj^r4  dr  - )*  IxaUt' 

Relate  M to  rr.  .1/  - j dm  - 2zr/I.f  r:  dr  - 2xaL(fiRl)  -±xaLR\  so  xaLR'  - 3 Ai  f2. 


Using  this  in  the  above  result  for  / gives  / - J(3.lf  . 2 )R  -jAiR:. 

< l> > Evaluate:  For  a cylinder  ofumfocm  density  / -4 A//?*.  The  answer  in  (a)  is  larger  than  this.  Since  the 
density  increases  with  distance  from  the  axis  tlx  cylinder  in  (a)  has  more  mass  fartlxr  from  the  axis  than  for  a 
cylinder  of  uniform  density. 

IDENTITY:  Write  A'  in  terms  of  the  period  T and  take  derivatives  of  both  sides  of  this  equation  to  relate  dK  d:  to 
dTfdt . 

SET  Up:  o>  - 22.  and  A - i/w* . The  speed  of  light  is  c - 3.00x  10*  ins  . 


Execute:  <u>  k - 2ll . ili^- 

r*  dt 

inertia  / in  terms  of  the  power  /*, 


Xx'lJT  ^ , . 4 x'idT 

The  rate  of  energy  k>xs  is  

T dt  T Jl 


Solving  for  the  moment  of 


rr'  1 (5xio"  wxo.0331  »)* 

TT  JT  dt  ip 


4.T-  4.22x10 

♦9xl0‘  m.  about  10  km 


1 .09  x 10“  kgm’ 


|b>*_  Ul-  jSt1  OS  - 10"  kg  m‘  | 

9 23/  y 2(1.4X199x10  kg) 

(*)v-SL-2®£^.W,W  m/*-  6.3x10 '*c. 


(0.0331s) 

Ai 


(cl)  p - ^ - 6.9xl0‘  kg/m  % which  is  much  higher  thin  the  density  of  ordinary  rock  by  14  orders  of 


magnitude.  and  is  comparable  to  nuclear  miss  densities. 

EVALUATE:  / is  huge  because  Ai  is  huge.  A small  rate  of  change  in  the  period  corresponds  to  a large  release  of 
energy 

IDENTITY:  In  part  (a).  do  the  calculations  as  specified  in  the  hint.  In  pari  (b)  calculate  the  mass  of  each  sh:l!  of 
inner  radius  Ri  and  outer  radius  R.  and  sum  to  get  the  total  mass.  In  part  (c)  use  the  expression  in  part  (a)  to 
calculate  / for  each  shell  and  sum  to  get  the  total  / 

SET  UP:  m - pV  . For  a solid  sphere.  V - ±.rRk . 

EXECUTE:  (u)  Following  the  hint,  the  moment  of  inertia  of  a uiu  form  sphere  in  terms  of  tbc  mass  density  is 
/ - 4.1/A*  -2sTpft  \ and  so  the  difference  in  the  moments  of  inertia  of  two  spheres  with  the  same  density  p but 
different  radii  R,  and  Ri  is  / -/lOUr/ISX*,  - #?,')- 

(b)  A rather  tedious  calculation,  summing  tbc  pnxluct  of  the  densities  times  the  difference  in  the  cubes  of  the  radii 
that  hound  the  regions  and  multiplying  by  4*r/3f  gives  Ai  - 5.97  x I0‘4  kg. 

(c)  A similar  calculation,  summing  the  product  of  tbc  densities  litre*  the  difference  in  the  fifth  powers  of  the  radii 
that  bound  the  regions  and  multiplying  by  St/1  5.  give*  / - 8.02 *\ti°  kg  m*  - 0.334A//?*. 

Evaluate:  The  calculated  value  of  / - 0.334  A/#*  agrees  closely  with  the  measured  value  of  0.33083/#* . TTiis 
simple  model  is  fairly  accurate. 
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9.100. 


9.101. 


Identify  : Apply  Eq.<9.20t 

SET  LtP:  Let  z be  the  coordinate  along  the  verticil  axis.  /Xr)  - . dm  - xp  and  dl  — - — —z*  dz  . 

h k'  2 h 

EXECUTE:  / - [ <il  - — — I z4dz  - — r*  I - —xplfh  . The  volume  of  a right  circular  cone  is 

J 2 k 10  h'1  J<  10  6 

V - 4 the  mass  ix  { xpR*h  and  so  / - — _1_1_  r:  _ 2-.UR1 . 

EVALUATE:  Foe  a uniform  cylinder  of  radius  R and  for  an  axis  through  its  center.  / - LMR1  • / for  the  cooc  ix 
less,  ax  exj>xtcd.  since  the  cooc  ix  constructed  from  a xcrics  of  parallel  desex  whose  radii  decrease  from  R to  zero 
along  the  vcrtxral  axix  of  the  cone. 

IDENTIFY:  Follow  the  xteps  outlined  in  the  problem. 

SET  L’P:  & -i 10  dl . a -d'o  dl1 . 


EXECUTE:  (a)  ds  - r dO  - r%du  + pO  dO  so  s{0)  - rj)  t z^iv  . O must  be  in  radians. 

(h)  Setting  s - vf  - r%0+i!f  & gives  a quadratic  in  0 . The  positive  solutxm  ix 

1 r 


(The  negative  solution  would  be  going  backwards.  to  values  of  r smaller  than /*,  •> 


dO 

(c>  Differentiating,  m (f)-  — 
dl 


r‘  +20*1  ’ ~ di  ~ (r<>,  i/Arp 


The  angular  acceleration  a is  not 


constant. 

(d ) r,  - 25.0  mm.  0 must  he  measured  in  radians,  so  fl  - ( 1 .55 //in /rev  ){  1 re vf2x  rad ) - 0.247 //m/rad.  Using 
Oil)  from  part  (b).  the  total  angle  turned  in  74.0  min  - 4440  x ix 

-j^2(2.47x!0  m‘raJ)(l.25  m.i)(4440  *(*•  (25.0x10  ‘m(!  -25.0x10  ‘ m ; 

P~  1.337x10'  rad.  which  is  2.13x10*  rev. 

(c)  The  graphs  are  sketched  in  Figure  9. 101. 

EVALUATE:  ai  must  decrease  ax  r increases,  to  keep  t - r<o constant.  For  m to  decrease  in  time.  <1  must  be 

negative. 


MM 


I' 


Figure  9.101 
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10 


IDEVHFY:  Use  Ilq.l  10.2)  to  calculate  the  magnitud:  of  the  torque  and  use  the  right  -hand  rule  illustrated  in 
Fig.(  10.4)  to  calculate  the  torque  direction. 

(a)  Str  Ur:  Consider  Figure  1 0.1  a. 

F ..  _ 





execute:  z - /7 
i - r sin  ^ - (4.00  m)iin 90* 
t - 4.00  m 

r - (10.0  NX4.0I  mi  - 40.0  N m 


Figure  lO.lu 

This  force  tend*  to  produce  a counterclockwise  rotation  about  the  axis,  by  the  right  -hand  rule  the  vector  z in 
directed  out  of  the  plan:  of  the  figure. 

(b)  SET  UP:  Consider  Figure  10.1b. 

\ Execute:  r-  n 

\—X  / * rnnd>  (4.00  m)  sin  120* 

— 4— \ V-'*'  / - J.461  m 

uU  * " V r = (10.0  N XT. 464  m)  ^ 34.6  N m 

Figure  10.  lb 

This  force  tends  to  pnxluce  a counterclockwise  rotation  about  the  axis;  by  the  right  -hand  rule  the  vector  r in 
directed  out  of  the  plan:  of  the  figure. 

(c|  SET  UP:  Consider  Figure  10.  lc. 

f*  Execute:  :-r/ 

— 4.«„i . />«»•  / = rising  - (4.00  m)  sin  30° 

. J.  . / ^ 2.00  m 


r --  (10.0  NM2.00  ml  - 20.0  N m 


Figure  10.1c 


This  force  tends  to  pnxluce  a counterclockwise  rotation  about  the  axis;  by  the  right-hand  rule  the  vector  z i.s 
directed  out  of  the  plan:  of  the  figure. 

(d)  SET  UP:  C onsider  Figure  10. Id. 


Execute:  r - Ft 
/ = rsinl  - (2.00  m)  sin  60°  *1.732  m 
r * (1 0.0  NX  1 .732  m)-!7.3  N m 


Figure  10.  Id 

This  force  tends  to  pnxluce  a clixksvi.se  rotatHin  about  the  axis;  by  the  right-bond  rule  the  vector  r is  directed  into 
the  plane  of  the  figure. 

(c)  SET  Up:  Consider  Figure  10. lc. 

ySF  Execute:  r - n 

ww*  i r = 0 no  /- 0 and  r-0 


figure  lO.le 
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( o Set  UR  Consider  Figure  10. 1 f. 


Execute:  r - /7 
/srsioft 
so  / = 0 and  r * 0 

Figure  lO.lf 

Evaluate:  The  torque  is  zero  in  parts  tc)  and  ifl  because  the  moment  arm  is  zero;  the  line  of  action  of  the  force 
passes  through  the  axis. 

10.2,  IDEM1FY:  r - FI  with  / = rxmf  Add  the  two  torques  to  cakubtc  the  net  torqu:. 

Set  L’P:  Let  counterclockwise  torques  be  positive. 

Execute:  r,  - -F/,  ■ -<8.<)0  N*5.X  m>=  -40.0  N m . r3  =■  +FxI2  = (12.0  NX2.00  m»  sin  30.0°  = -+12.0  N m . 
£r  - r,  + z3  * -28.0  N m . The  net  torque  is  28.0  X • m , clockwise. 

Evaluate:  Even  though  FX<F3%  th:  magnitude  of  r,  is  greater  than  the  magnitude  of  r%%  because  Fx  has  a 
larger  moment  arm. 

10.3.  IDENTIFY  and  SET  UP:  Use  Eq.<  10.2)  to  calculate  the  magnitude  of  each  torque  and  use  the  right- hand  rule 
(Fig,  10.4)  to  (taerminc  the  direction.  Consider  Figure  10.3 


Let  counterclockwise  be  the  positive  sense  of  rotation. 
Execute:  rx  - r3  ^<0.090  ml* +<0.090  m)'*  - 0. 1 273  m 

/,  - ;;sin£  - (0.1273  m|«n  135" -0.0900  m 
r,  « -(18.0  NN0.0900  m)--1.62  Nm 
r,  is  directed  into  paper 


l3  ^ r3  sin  ft  - (0. 1273  misn  1 35°  ^ 0.0900  m 
r%  ^ t<26.0  N> 0.0900  m)  = +-2.34  N m 
r\  is  directed  out  of  paper 

/,  *r4 sin  ft  b (0.1273  m)«n90*-  0.1273  m 
r,  = +(14.0  XK0. 1273  m)-  +I.7S  N m 
ft  is  directed  out  of  paper 

£r  = r,  +r, ♦ r,  —1.62  N m* 2.34  N m-t  1.78  Nm  = 2.50  N-m 

EVALUATE:  The  M torque  is  positive,  which  means  it  tends  to  produce  a counterclockwise  rotation;  the  vector 
torque  is  directed  out  of  the  plane  of  the  paper.  In  summing  th:  torques  it  is  important  to  include  + or  - signs  to 
show  direction. 

10.4.  Identify  : Use  r - Fi  - rF sin  0 to  calcuhtc  the  magnitude  of  each  torque  and  use  the  ngbuhand  rule  to 
determine  the  direction  of  each  torque.  Add  the  torques  to  find  the  net  torque. 
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10.5. 


10.6. 


10.7. 


10.8. 


10.9. 


SET  UP:  Let  counterclockwise  torques  be  positive.  For  the  1 1.9  X force  (f  U-0.  For  the  14.6  N force  ( fj  ), 
r •-  0.350  m and  p - 40.0; . For  the  8.50  N force  (F,),ra  0.350  m are!  p - 90. 0J 
Execute:  r,  ^0.  ra  * HI 4.6N)(0.350ro)sin 40.0°^ -3.285  Nm. 

r>  = +(8.50  N K 0.3 50  m)sin90.0°  ^ +2.975  N m Y z - -3.285  Nm- 2.975  N m - -0.3  INm  The  net  torque 
is  0.3 1 N m and  is  clixkwisc. 

EVALUATE:  If  %ve  treat  th:  torques  as  vectors,  r . is  into  \Yk  page  and  r.  is  out  of  the  page. 

IDI.MIH  and  SET  UP:  Calculate  the  torque  using  Lq.<  10.3 1 and  also  determine  the  direction  of  the  torque  using 
the  right-tund  rule. 

(a)  r - (-0.450  ml/  -t (0. 1 50  ml  j;  F - (-5.00  Ntf  - (4.0(1  N| / The  'ketch  is  given  in  Figure  10.5. 


Execute:  (b)  WTicn  the  fingers  of  your  right  hand  curi  from  the  direction  of  r into  the  direction  of  F (through 
the  smaller  of  the  two  angles,  angle  p)  your  thumb  points  into  the  page  (the  dir  cction  of  f.  the  -r-dirccticoil. 

(c>  t - r ■ F -[(-0.450  mV  '(0.150  m)/]x[(-S.OO  NV -»  (4.00  N)/J 

f ■ +(125  N mV  » i - (1  SO  N mV  xj  - (0.7S0  N • m)j  x / ► (Q600  N m)j  x j 

jxi-jxj- 0 

f xy  — A.  j xi  - -A 

Thus  t = -<l  M N • m)A  -(0.750  X mM  - A 1 - (- 1 .05  N m>A. 

EVALUATE:  The  calculation  gives  that  t is  in  the  -r*directKin.  This  agrees  with  what  we  got  from  the  right* 
hand  rule. 

IDENTIFY:  Use  r - FI  - rF sin$$  for  the  magnitude  of  the  torque  and  the  right-hand  rule  for  the  direction. 

SET  UP:  In  part  <ak  r = 0.250  m and  p - 37° 

Execute:  (at  z - (1 7.0  NX0.250  misin37"  - 2.56  N m . The  torque  is  counterclockwise. 

(b)  The  torque  is  maximum  when  0 - ^0°  and  the  force  is  perpendicular  to  tb:  wrench.  This  maximum  torque  is 
(1 7.0  NX0.250  m)  = 4.25  N m . 

Evaluate:  if  the  force  is  directed  along  the  handle  then  the  torque  is  zero.  The  torqix  increases  as  the  angle 
between  the  force  and  the  handle  increases. 

Idiyiify:  Apply  ]T  r -/«  . 

2/7  rad  rcv 


SET  UP:  - I)  . ni  - <41W  rcv.’min  l 


W s min 


4 1 .9  rad  s 


(250 kg  m1)ll9lld'1-mNm. 


Execute:  r - la  -/ 

t n.uu  t 

Evaluate:  In  r.  - . a must  be  in  rad  s* . 

IDF.M1FY:  Use  a constant  acceleration  equation  to  calculate  a and  then  apply  Y *.  - • 

SET  UP:  / ^ 4 MR'  r 2tnR: . w here  SS  ^ 8.40  kg.  m ^ 2.00  kg.  so  I - 0.600  kg  in*’ . 

^ 75.0  rpm  .=  7.854  rad/s;  a»,  - 50.0  rpm  - 5.236  nd/%;  ( ^ 30.0  s . 

Execute:  <u  - Cjit  + o / gives  a - -0.08726  rad/s*' . r - / a - -0.0524  N m 

Evaluate:  The  torque  is  negative  tveause  its  direction  is  opposite  to  th:  direction  of  rutatxm.  which  must  K: 
the  case  for  the  speed  to  decrease. 

Idem  if y : Use  Y z.  ~ ^ a calculate  a . Use  a constant  anguLir  acceleration  kinenutic  equation  to  relate  a . 
m and/. 


SET  UP:  Fora  solid  unifeem  sphere  and  an  axis  through  its  center.  / - ~MR' . Let  the  directicei  the  sphere  is 
spanning  hr  th:  positive  sense  of  rotation.  The  monxmt  arm  for  the  friction  fcece  is  / -0.0150  in  and  the  torque  due 
to  this  force  is  negative. 
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10.10. 


10.11. 


10.12. 


_ , , r -40.0200  NH  0.0 1 50  m) 

EXEC  l T tz  (a)  a - — ^ -14.8  rad  s' 

/ f (0.225  kg  1(0.01  $1)  m)J 

to  -m  -22.5  rad  s 

|b>  to  - «.  - -22.5  rad  x .to  - to,  + at  gives  / 1 .52  s . 

am  -14.8  rad  s’ 

Evaluate:  The  fact  that  a is  negative  means  its  dirccticvi  is  opposite  to  the  direction  of  spin  The  negative 
rr.  causes  co  to  decrease. 

iDLVIltY:  Apply  V r - /«.  to  the  wheel.  The  acceleration  a of  a point  on  the  cord  and  the  angular  acceleration 
a of  the  wheel  arc  related  by  a - Ra  . 

SET  UP:  Let  tbc  direction  ot  rotation  of  the  wheel  he  positive.  The  wheel  has  the  shape  of  a disk  and  / - 7MR  . 
The  free -tody  diagram  for  th:  wheel  is  sketched  in  Figure  10.10a  for  a horizontal  pull  and  in  Figure  1 0.1  Ob  fee  a 
vertical  pull.  P is  the  pull  at  the  coed  and  /•*  is  the  force  exerted  on  the  wheel  by  the  axle. 


EXECUTE:  la)  a 


r (40.0  NW0.250  m) 


>(9.20  kuMO.250  ml 


r - 34.8  rad'*1 . a = ito  - (0.350  mM34.8  nd*J)  =8.70  ml . 


|h>  F,  ~-P.  F$-  -Mg  . F = Jr'  .(.!/«)•  = ^(40.0  N>‘  »<|9  ’0  leg||9.S0  mi1])’  - 9S.6  N . 

i, in  ^ -i-^J — — 1 ’ *■- 11  ' ,l  11 ' 1 Jitd  A s 66. 1 Tic  force  exerted  by  Ihc  axle  has  imcmludc  98.6  N anil 


' 


40.0  N 


is  directed  at  66.1°  above  the  horizontal,  away  from  the  direction  of  the  pull  on  the  cord. 

(c|  The  pull  exerts  the  same  torque  as  in  part  (a>.  so  the  answers  to  part  (a)  don't  change.  In  part  <b), 
f-P- Mg  and  F - Mg  -P-  (9.20  kg  K9.80  mu'  > - 40.0  N - 50.2  N . The  furcc  exerted  by  the  axk:  has 
magnitude  50.2  N and  is  upward. 

Evaluate:  The  weight  of  the  wheel  and  the  force  exerted  by  the  axle  pnxlurc  no  torque  because  they  act  at  the 
axle. 


ft 


») 


y 


Figure  10.10 

IDEM nFY:  Use  a constant  angular  acceleration  equation  to  calculate  a and  then  apply  ]Tr4  - /a  to  the  motion 
of  the  cylinder.  / \ - . 

si:r  UP:  / - rmR  - li  825  kg  |(  0.0750  m )'  - 0.02320  kg  m:  . Let  Ihc  direction  tlie  cylinder  is  routing  be 
positive,  ftv  = 220  rpm  - 23.04  rod  s;  to,  =>  O.  0-0o  - 5.25  rev  - 33.0  rad  . 

Execute:  to*  - to*  + 2a  (0  -0O ) gives  ft  - -8.046  rod  s*  . y r _ r . - -/k£  - -//k/i£ . Then  Y r - Ja  gives 

-il/iR  - la  and  n - — ^ 7.47  N . 

/A* 

EVALUATE:  Tbc  friction  torque  is  directed  opposite  to  the  direction  of  rotation  and  therefore  produces  an  angular 
acceleration  that  slows  the  rotation. 

Identify : Apply  Y /’*  - tna  to  the  stone  and  Y r - la  to  the  pulley.  Use  a constant  acceleration  equation  to 
find  a for  the  stone. 

SET  UP:  For  the  motion  of  the  stone  take  +v  to  be  downw  ard.  The  pulley  has  / - *MR‘ . a - Ra  . 
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10.13. 


10.14. 


EXECUTE:  (at  y-y,  = v4,f  + ^r,/*  gives  12.6  m (3.00 s)*and  a%  - 2. SO  m/s*  . Then  ]rF,  - nw(  applied 
lo  the  stone  gives  mg- T = ma . £ r - /r/  applx-d  to  the  pulley  gives  77?  - 1.1/7? :a  - lAfff2  ( <r.  ’ /? ) . T - l.l/u  . 
Combining  these  tw  equations  to  eliminate  T gives 

M(  * \ / 10.0  kg  Y 2.80 m's*  ^ 

" a ( W.-  2 so  m.V  j - 2J»  k» 

(b>  r - i.l/u  - i(  10.0  kg )( 2.80  m i’ ) ^ 14.0  S 

EVALUATE:  The  tension  in  the  wire  is  less  than  the  weight  mg  - 19.6  N of  the  stone,  because  the  stceie  has  a 
downward  acceleration. 

iDEMirV:  Use  the  kincmatx*  information  to  solve  for  the  angular  acceleration  of  the  grindstooe.  Asuinx*  that  the 

grindstone  is  rotating  countenrlockwise  and  let  that  be  the  positive  sense  of  rotation.  Then  apply  Eq.(l0.7)  to 

calculate  the  friction  force  and  use  f \ - /\n  to  cakrulate 

SET  Up:  &}tt  » K50  rev.'mic<2^  rad  1 revM  I min  60  s)  - S9.0  rod  s 

f = 7.50  s;  a},  - 0 (comes  to  rest);  a -? 

Execute:  <u  +aj 

0-89.0  nils  I1IV  ..j 

a - -l  1.9  rad  s* 

J 7.50  s 

Set  Up:  Apply  y.r.  - Jaj  to  the  griixistooc.  The  free-bedy  diagram  is  given  in  Figure  10.13. 


'V 


Tlie  normal  force  has  zero  moment  arm  fee  rotation  about  an  axes  at  the  center  of  the  grindstone,  and  therefore  zero 
torque.  The  only  torque  on  the  grindstooe  is  that  due  to  the  friction  force  ft  exerted  by  the  ax;  for  this  force  the 
moment  aim  is  / - R and  the  torque  is  negative. 

Execute:  £r  ~-fkR  - -//t«7? 

/ - IMR  (solid  disk,  axis  through  center! 

Thus  gives 

MRa  (50.0  kgX0.260  mX  - 1 1.9  rad’s2) 


- Q.4K3 


2/J  2(160  N) 

EVALUATE:  The  friction  torque  is  clockwise  and  slows  down  the  counterclockwise  rotation  of  the  grindstone 
iDLVim  : Apply  ^7*  -maf  to  the  bucket,  with  ty  dow  nward.  Apply  Y r - la  to  the  cylinder,  with  the 
direction  the  cylinder  rotates  positive. 

SET  Up:  The  free  body  diagram  for  the  bucket  is  given  in  Fig.  10.1 4a  and  the  tree-body  diagram  for  the  cylinder 
is  given  in  Fig.  10. 14b.  / - Ll/R*  u(buckct!  - /fo< cylinder! 

Execute:  (■)  For  the  bucket,  mg-T  = ma.  For  the  cylinder.  Yr  - la  gives  TR-^MR'a.  a-a/R  then 
gives  T - y.Wd  . C ombining  these  two  equations  gives  mg  — ^ Ma  - ma  and 

a — — — 1 • 9.K0  m s’ ) - 7.00  m’s: . 

m-t. I//2  \J5.0  kg -f  6.0  kg ) 

T ^ m\g -a)-  (15.0  kgX9.80  m’s5  - 7.00  mV ) = 42.0  N . 

|b)  ♦ 2a t (y - y, ) gives  \\  - ^2(7.00  m's* X 10.0  m)  - 1 1 .8  m s . 

(«>  O,  “700  mi'.  IV.  “0.  y-y,  -10.0  m . y - y.  ^ v„> ■ give*  i - J.~i — 2^  = J^'°°  *"*  = 1.69  s 

^ af  V 7.00  m s 
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10.15. 


10.16. 


(d)  Vf.  i (rxj  applied  to  the  cylinder  gives  n-T  - A fg  - 0 and 
rr  = T + mg  = 42.0  N + (l  2.0  kgX9.80  m*x* ) » 160  N . 

Evaluate:  The  tenuon  in  the  rope  is  less  than  the  weight  of  the  bucket,  because  tlx  burkcl  has  a downward 
acceleration.  If  tlx  rope  were  cut.  so  the  bucket  would  be  in  free-fall,  the  bucket  would  strike  the  water  in 


f a 


2110.0  in  I 


9. HO  m s 
the  bucket. 


- 1 .45  s and  would  have  a final  speed  of  14.0  ms.  The  presence  of  the  cylinder  slows  the  fall  of 


”>• 


M 

Figure  10.14 

Idi.n  TlfY:  Apply  V F - ma  to  each  book  and  apply  - la  to  the  pulley.  Use  a constant  acceleration 
equation  to  find  tlx  comnxin  arederation  of  the  books. 

SET  Up:  m - 2.00  kg  . m,  - 3.00  kg . Let  7]  be  the  tension  in  the  part  of  the  cord  attached  to  mx  and  T.  be  the 

tension  in  the  part  of  the  coed  attached  to  m}  . Let  the  ♦A  -direebon  be  in  the  direction  of  the  arccieration  of  each 
book,  a - Ra  . 

Execute:  (u)  .y - x%  - v,.J  gives  a - — — — - 1^‘1'  11  - 3.75  m s* . at  - 3.75  ms*  so 
7;  - ^<2  st  750  N and  7a  IS2  N . 

(hi  The  torque  on  the  pulley  is  ( 71  - 7*,  )R  - 0.803  N m.  and  the  angular  acceleration  is 
a - it,  jR  m 50  nidi's1 . so  / - zja  - 0.016  kg  • m1. 

EVALUATE:  The  tensions  in  the  two  parts  of  the  cord  must  be  different,  so  there  will  be  a net  torque  on  the 
pulley. 

IDENTIFY:  Apply  £/•*  ~ -but  to  each  box  and  Y r - IaJ  to  the  pulley.  The  magnitude  it  of  the  acceleration  of 
each  box  is  related  to  the  magnitude  of  the  angular  acceleration  a of  the  pulley  by  a - Ra  . 

SET  UP:  The  tree-body  diagrams  for  each  object  are  shown  in  Figure  10. 16a*c.  For  the  pulley.  R - 0.250  m and 
/ - irMR  . T and  T:  arc  the  tensions  in  the  w ire  on  either  side  of  the  pulley,  m - 12.0  kg  . m,  - 5.00  kg  and 
.1/  - 2.00  kg  . F is  tlx  force  that  the  axle  exerts  on  the  pulley.  For  the  pulley,  let  clockwise  rotation  be  positive. 
Execute:  (u)  £F  - ma  for  the  12.0  kg  box  gives  Tx  - mxa  . £F  - ma  for  the  5.00  kg  weight  gives 
m:g  - r - m.a . - la  for  the  pulley  gives  (T.,  - 7;  )R  - ($MR‘  >a  . a - Ra  and  T}  - T - fa  . Adding  these 

three  equations  gives  m:g  - (m,  + m:  + i.l/  l«?  and 

5.00  kg 


(9.80  m'sJ)  = 2.72  ms: . Then 


«i,  ♦ nu  + T V/  / { 12  0 kg  * 5.00  kg  -f  LOO  kg 
7] -(12.0  kg H 2.72  m>s1)-32.6N  . J>i>g-r3  a gives 
T3  =m}(g-a)~  (5.00  kg)(9.80  ms*  - 2.72  ms*' ) - 35.4  N . The  tension  to  the  left  of  the  pulley  is  32.6  N and 
below  the  pulley  it  is  35.4  N. 

(hi  it  - 2.72  nVs* 

(c)  For  the  pulley.  - m»r4  gives  Ft  - T - 32.6  N and  ^/’f  - mat  gives 
F ^ Mg  + F = <2.00  kgX9.S0  mV ) + 35.4  N - 55.0  N . 
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10.18. 


10.19. 


EVALUATE:  The  cquatxm  m .g  - (m,  + «%  + +M\a  says  thxt  the  external  force  t3g  must  accelerate  all  three 
objects. 


(a) 


":V 


3 


IDI.N  I1EY:  Apply  Y r - la  to  the  post  ami  f - /«o  to  the  hanging  mats.  The  accclcratxm  a of  the  mass  has 
the  same  magnitude  as  th:  tangential  accclcratxm  a - ra  of  the  point  on  the  post  where  the  string  is  attached: 
r = 1.75  m -0.500  m = 1.25  m . 

SEE  UP:  The  free  hody  diagrams  for  the  post  and  mass  arc  given  in  Figures  10. 1 7a  and  b.  The  post  has 
/ - LML1 . with  M ^ 15.0  kg  and  L = 1.75  m . 

ML: 


Execute:  (a)  - la.  *or  ,hc  I*”*  Tr  = [l  ML  \<I . a-ra  so  a - — and  T - j |<j  . £/’  - «« at  for 

the  mass  gives  mg  - T « nur  . These  two  equations  give  tug  - liw  -t  ML’  |)i?  and 

— |(').S0  m'l1 1 - 3.3 1 m's!. 


= 500  kg 

UU:\ir:])R  ~ 1 5.00  kg -[15.0 kg  ]|  1.75  m|'  3|1.2S 
a 3.31  m'i! 


2.65  rail  i- . 


— 

r 1.25  m 

(b)  No.  As  the  post  routes  and  the  point  where  th:  string  is  attached  nwves  in  an  arc  of  a circle,  the  string  is  no 
longer  perpendicular  to  the  post.  The  Xicquc  due  to  this  tenuon  changes  and  the  acceleration  due  to  this  torque  is 
not  constant. 

(c)  From  part  |a).  a - 3.31  m s* . Th:  acceleration  of  the  mass  is  not  constant.  It  changes  as  a for  the  port  changes 
EVALUATE:  At  the  instant  the  cable  breaks  the  tcnsxni  in  the  string  is  less  than  the  weigh*  of  the  mass  because 
the  ma.ss  accelerates  downward  and  there  is  a net  downward  force  on  it 


X 

r = 1.25m 

X 


; V 


Mr 


M 


lb) 


Figure  10.17 

iDEVIin  : Apply  £ r,  - /«  to  the  rod. 

SEE  Up:  For  the  rod  and  axis  at  one  end.  / - LMI* . 

H IF 


EXECUTE: 


a 7~  1 ~ 


EVALUATE:  Note  that  a decreases  with  the  length  of  the  rod.  even  though  the  torque  increases. 
iDIMin : Since  there  is  rolling  without  slipping.  v.t  - Rto  . The  kinetx:  energy  is  given  by  Fq.(lO.S).  The 
velocities  of  paints  on  the  rim  of  the  hoop  arc  as  described  in  Figure  10.13  in  chapter  10. 

SEE  UP:  & - 3.00  rad . s and  R - 0.601  m . For  a hoop  rotating  about  an  Axis  at  its  center.  / = MR’ . 
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10.20. 


10.21. 


10.22. 


Execute:  w v„  - Rw  = (0.600  mM3.00  rads)  ^ I .SO  ms . 

|b>  K = ir-Uvi,  -f  d/nf  - f Wv;m  -f  SR1 ) = Mv^  = (2.20  kg)(l .80  m s)*'  = 7.13  i 

(c)  <i)  y - 2v-t  = 3.60  ms . r is  to  the  right,  (li)  v = 0 

(iii)  y - + *'L  = 4 = v/5vM.  - 2.55  m s . v at  this  point  is  at  45:  below  the  horizontal. 

(ell  To  someone  moving  to  the  right  at  v - vi(i  t the  hoop  appears  to  rotate  about  a stationary  axis  at  its  center. 

(i)  v = Rm - 1 .80  m s . to  tlx  right,  lit)  »•  = 1 .80  mS  , to  the  left,  (iii)  »•  - 1 .80  m s , downward. 

Evaluate:  For  the  special  ease  of  a hoop,  tlx  total  kinetic  energy  is  equally  divi&d  between  the  motion  of  the 
center  of  mass  and  the  rotation  about  the  axis  through  the  center  of  mass.  In  the  rest  frame  of  the  ground,  different 
poants  on  the  hoop  have  different  speed. 

Idi.n  T1FY:  Only  gravity  docs  work.  so  ir-w,  - 0 and  conservation  of  energy  gives  AT.  *6’.  - K{  + U{ . 

A',  -T /...«••  ■ 

SET  UP:  Let  yt  = 0 . so  U(  =0  and  v,  - 0.750  m . The  hoop  is  released  from  res!  so  AT,  — 0.  v.t  - Rat  . For  a 
hoop  with  an  axis  at  its  center.  I^m  - MR’ . 

Execute:  <u)  Conservation  of  energy  gives  L\  - Kt . Kx  - !?MR:&'  + ±t\JR  | <w*  - MR’ of  . so  MRW  - Mgy\ . 
— ^^lO-TSOm!  339  ^ 

R 0.0800  m 

(b>  v = Rco  = <0.0800  m *33.9  rad  s > = 2.7 1 ms 

Evaluate:  An  ctojcct  released  from  rest  and  falling  in  free-fall  for  0.750  m attains  a speed  of 
fiitioj 50  m)  - 3.83  m s . The  final  speed  of  the  hoop  is  less  than  this  because  some  of  its  energy  is  in  kinetic 
energy  of  rotation.  Or.  equivalently,  the  upward  tension  causes  the  magnitude  of  the  net  force  of  the  hoop  to  he  less 
than  its  weight. 

Identify:  Apply  Eq.<  10.8). 

SET  L’P:  For  an  object  that  is  rolling  without  slipping.  - R(e> . 

Execute:  Tbc  fraction  of  the  total  kinetic  energy  that  is  rotational  is 

_ ■ i 

(a)  /_. -<l/2)A«\  to  the  abrnc  ratio  it  1,3. 

|h)  /,.  - (2/5I.WR'  «i  the  ubovc  ratio  it  2/7  . 

(c>  / „ - (2/'J )MK:  «t  the  ratio  it  2/5  . 

(cl)  I , = (S/S|AW  to  the  ratio  it  5/1 3. 

EVALUATE:  The  moment  of  inertia  of  eaeh  object  take*  the  focm  / - /MW  . The  ratio  of  rotational  kinetic 

I P 


energy  to  total  kinetic  energv  can  be  wntten 


The  ratio  nxrcascs  as  ft  increases 


Irl  ff  \+ff 

IDENTIFY:  Apply  V /’*  - niff  to  the  translational  motion  of  the  center  of  mass  and  - /r/  to  the  rotation 
about  the  center  of  miss. 

SET  L'P:  Let  -tx  he  down  the  incline  and  let  the  shell  be  turning  in  the  positive  direction.  The  free -body  diagram 
for  the  shell  is  given  in  Fig.  10.22.  From  Table  9.2.  i m -±»t R’ . 

Execute:  -maK  gives  mg%infl - / -ma  . . = /«.  gives  /R-($mR’)a  . With  a-a^fR  this 

becomes  / - . Combining  the  equations  gives  /ngsin/J-^1™*.  and 

_ -:’|9-KP  3 62  in’s1 . / - 4.2.00  kBXJ.62  afc’).4.83  N . The  Inchon  U 


f 4.83  N 

static  since  there  is  no  slimim*  at  the  point  of  contact,  n - mvcasfl  - 1 5.45  N . u - 0.313  . 

n 15.45  N 

(b)  The  acceleration  is  independent  of  m and  doesn't  chinge.  The  friction  force  is  proportional  to  m so  will  double: 
f = 9.66  N . Tlx  normal  force  will  also  double,  so  the  minimum  u required  for  no  slippine  wouldn't  change. 
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EVALUATE:  If  there  K no  frxlion  and  the  object  slide*  without  rolling,  the  acceleration  is  #sin//  . Friction  and 
rolling  without  slipping  reduce  a to  0.60  time*  this  value. 


10.23.  IDENTIFY:  Apply  V = m* ..  and  = I^ad  to  the  motion  of  the  ball. 

(a)  SET  UP:  The  frec-bodv  diagram  is  given  in  Figure  10.23a. 

EXIXLTE:  -ma 

n - mgcc*0  and  f%  - ^mgeostf 
J ]Ft  -ma, 

mg  sin  0 - fJsn\g  cos  0 - ma 
g|»n0-/j.co*0)  - a (cq.  1) 

Si:r  UP:  Corwidcr  Figure  10.23b. 

0 

ii  and  mg  act  at  the 
center  of  the  bill  and 
provide  no  torque 


Execute:  X r “ r * “ / - ±mR: 

Xr^  / ,.a  gives  fijngcoiORa^mR'a 

No  slipping  means  asfl//?.  so  pvgcos0-^d  <cq.2> 

We  have  two  equation*  in  the  two  unknown*  4 and  //t.  Solving  gives  a - -g»n 0 and 
fj%  - itan  0 - -tan  65.0*  - 0.6 1 3 

<b)  Repeat  the  calculation  of  pan  (a),  but  now  / a-lg*in0  and  - itan^  -4^65.0°  -O.H58 
The  value  of  fj%  calculated  in  |\ut  (a)  is  not  large  enough  to  prevent  slipping  for  the  hollow  ball. 

(cl  EVALUATE:  There  is  ix»  slipping  at  the  point  of  contact.  More  frictiixi  is  required  for  a hollow  bill  since  for  a 
given  m and  R it  ha*  a largcT  / and  more  torque  is  needed  to  provide  the  same  a.  Note  that  the  required  /j.  is 
independent  of  the  mas*  or  radius  of  the  ball  and  only  depend*  on  how  that  mis*  i*  distributed 
10.24.  iDLVim:  Apply  conservation  of  energy  to  the  motion  of  the  marble. 

SET  UP:  K - -f  ±lco: . with  / = $MR: . - Rm  for  no  slipping  . Let  y - Oat  the  bottom  of  the  howl.  The 

marble  at  it*  initial  and  final  location*  i*  sketched  in  Figure  10.24. 


10-10  Chapter  10 


10.25. 


10.26. 


Execute:  (a  > Motion  from  the  release  point  to  the  bottom  of  the  bowl:  mgh  - - ntv*  + - it*1 . 

2 2 


m gh  - — ntv* 


the  marble.  —mV*  + A'  - mgh1  ♦ A'  . f\ — — 

2 14  2*  2 g 


Motion  along  the  smooth  side:  The  rotaiicmnl  kinetic  energy  d^cs  not  chance.  since  there  is  no  friction  torque  on 

„„  7 

(l»l  mgh  - mgh'  so  N - h . 

Evaluate:  (c)  With  friction  on  both  halves,  all  the  initial  potential  energy  gets  converted  bark  to  potential 
energy  Without  fnclion  on  the  right  half  some  of  the  energy  rs  still  in  rotational  kinetic  energy  when  the  rmrble  is 
it  its  maximum  height. 


Idiviity:  Apply  conservation  of  encTgy  to  the  motion  of  the  wheel. 

SET  UP:  The  wbccl  at  points  1 and  2 of  its  motion  is  shown  in  Figure  10.25. 


Take  y - 0 at  the  center 
i>f  the  wheel  w hen  it  is  at 
ihc  bottom  of  the  hill. 


The  wheel  has  both  translational  and  rotaticvial  motion  so  its  kinetic  energy  is  A' 

Execute:  a,  + vx  -*  \vM  = A'>  * u3 

= -5500  J (the  friction  work  is  negative) 

K.  = i/n>;  » i.lhf;  v — R<\>  and  / — 0.K00.W/T  u> 

K.  - 4(0.800).W«'«f  » -=■  0.900.MffV 

K . - 0.  U,  -0.  Us-  Mgft 
TliUi  0.900.MJ * V * I*',..  - 
.1/  - wig  = 392  NH9.80  ml'l  - 40.0  kg 
0.900.IM- V ♦ h; 

(0.9001(40.0  kg|(0.600  m)J(2S.O  radi)*'  - 3500  J 
(40.0kgH9*0m.,i1| 

EVALUATE:  Friction  does  negative  week  and  reduces  h. 

iDEMitY:  Apply  y*  r - !am  and  Vf  - ma  to  the  motion  of  the  bowling  ball. 

SET  CP:  o ,§  - R(I . f\  - fiitn . Let  +a  be  directed  down  the  incline. 

Execute:  (a)  The  fice-body  diagram  is  sketched  in  Figure  10.26. 

The  angular  speed  of  the  hill  must  decrease,  and  so  the  torque  is  provide!  by  a fnction  force  that  acts  up  the  hill, 
(b)  The  friction  force  results  in  an  angular  acceleration,  given  by  la  - fR.  F - ma  applied  to  the  motion  of  the 
center  of  mass  gives  ms*  sin  ft  - f - ma  and  the  acceleration  and  angular  acceleration  are  related  by  a - Ra  . 


V 


7 m 


C ombining-  mg  sin/} 


- "»  1 * - p | - »*«(  VS)  • - [Sp)gunfl 
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10.27. 


10.28. 


(cl  From  either  of  the  above  relations  between/ and  a #Bi.  f - m - —mg  sin  fl  £ jt%n  - pjngcosfl  . 

ft*  (2 P)b*P 

EVALUATE:  If  fj%  - 0 , a mt  - mg  sin  fi  . iiM.  is  less  when  friction  is  present.  The  ball  rolls  farther  uphill  when 
friction  is  present,  because  the  fricticvi  removes  the  rotatxmal  kinetic  energy  and  converts  it  to  gravitational 
potential  energy.  In  th:  absence  of  friction  the  ball  retains  the  rotatxmal  kinetic  energy  that  tt  has  mrtiallv. 


(a)  IDENTIFY:  Use  EqX  10.7)  lo  find  a and  then  use  a constant  angular  acceleration  equation  to  find  ta4. 

SET  UP:  Tbc  tree-body  diagram  is  given  in  Figure  10.27. 

EXECUTE:  Apply  £ r,  = Iad  to  find  the  angular 
^ acceleration: 

FR*Iat 

FR  ri8.0XX2.40m)  . 

a - 0.02057  rad  s* 

/ 2100  kg  m* 

Figure  10.27 

SET  Up:  Use  th:  constant  a,  kinematic  equations  to  find  <v  . 
fa  - ?;  (initially  at  rest);  « - 0.02057  rad's1;  / - 15.0  s 
Execute:  <v  = ^ 0*<0.0205?  rad  s:MI5.0  s)  = 0309  rad's 

(h)  Idem  in  and  SET  Up:  Calculate  the  wock  from  Eq.(  10.2 1 1.  using  a constant  angular  acceleration  equal xin  to 
cakulite  0-0t%  or  use  the  work-energy  thccecm.  We  will  do  it  both  ways. 

Execute:  (i>  w = r,A0  rtq.rio.2i)) 

\0-0-0%  *Afcl+4ff/  =0^4(0.02057  rads- HI 5.0  s)1  = 2.314  rad 

t4  _ FR  3(18.0  N)(2.40  ml  - 43.2  N m 

Then  W ^ r A0  - f43.2  N mH2.3l4  rad)  - 100  J. 

or 

(2)  - A\  - A,  (the  work-energy  relation  from  chapter  6) 

W\A  - the  work  dooe  by  the  child 

A'  ^ ft  A,  - liter  = 4<2IOO  kg-  nr  X0.309  rad  s)*  - 100  J 

Thus  W = 100  J.  the  same  as  before. 

Evaluate:  Either  method  yields  the  same  result  for  W. 

(c)  IDENTITY  and  SET  Up:  Use  Eq.(6. 15)  lo  calculate  Pm 

Execute:  Pm  = — - -J-i— L - 6.67  w 
A i 15.0  s 

EVALUATE:  Work  is  in  joules,  power  is  in  watts. 

Identity:  Apply  P - mi  and  W - c \0 . 

SET  Up:  P must  he  in  watts.  A>0  must  be  in  radians,  and  m must  he  in  rad  s.  1 rev  - 2»t  rad . I hp  - 746  W . 

.7  rad  s - 30  rev  min  . 


Execute:  (u>  r — 


(l75hp)(746  W/hp) 


2400  rev  nun 


7 rad  I 


30  rev.  min 

(b)  H'  - z\0  -(519  N m }(  2t  rad ) - 3260  J 


519  N m. 
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10.29. 


10.30. 


10.31. 


10.32. 


10.33. 


EVALUATE:  to  - 40  revs , so  the  time  for  otic  revolution  k 0.025  s.  P - 1 .306  x 10*  W , so  in  ooc  revolution. 
H'  -Pi  - 3260  i . which  agrees  with  our  previous  result. 

IDENTITY:  Apply  y r - lam  and  constant  angular  acceleration  equations  to  the  motion  of  the  wheel 
SET  UP:  1 rev  - 2r  rad  . .r  rad  s - 30  rev’min  . 

Execute:  (o»  r.  -la.  »/- — - — 


[( 1/2)(1.50  kg )( 0.100  m)'}(l200  rev,  min  || 


r*l  i 


30  rev.' min 


(1.377  N m 


59  2 J 


2.5  s 

(600  rev  m*n |(2.5  si 

(b)  <c>  At - 25.0  rev  » 157  rad 

60  s.'min 

(c>  W - zAO  <0.377  N mM157  rail)  -59.2  J . 

(d)  K - — /n>*  - i-!(l.  2X1.5  kgXO.lOOmt*  l!  (1200  rev/min)!  — — I 
2 2'  'V  \ 30 rcv'min // 

the  same  as  in  part  <c(. 

EVALUATE:  Tbe  agreement  between  the  results  of  parts  Ic)  and  id ) illustrates  the  w ork-energy  theccem 
iDLMITV:  n»e  power  output  of  lb:  motor  is  related  to  the  torque  rt  produces  and  to  its  angular  velocity  by 
P - r.fi;  . when:  must  be  in  rad  s. 

SET  Up:  The  work  output  of  the  motor  in  60.0  s is  1(9.01  kJ ) - 6.1X>  U . so  P . ^ 100  W . 

* 3 60.0  s 

m - 2500  revnun  - 262  rad's  . 

EXECUTE:  r -■  * vV  ^0.382  N m 

J & 262  rad’s 

EVALUATE:  Tor  a constant  power  output,  tbe  torque  developed  decreases  and  the  rotation  speed  of  the  motor 
increases. 

IDENTIFY:  Apply  r - FR  an:!  / -zto. 

SET  UP:  1 hp  = 746  W . ^ rad  s - 30  rev.  min 

Execute:  (u)  With  no  leud.  the  only  torque  to  be  overcome  is  friction  in  the  bearings  (neglecting  air  friction l, 
and  the  bearing  radius  is  small  compared  to  the  blad:  radius,  so  any  frictional  torque  can  be  neglected. 

(19  hp«746  Whp> 


"f-rT 


12400  rev  mini!  1 — ' 10.086  ml 


^65.6  N. 


30  rev  min 

Evaluate:  In  P - l to  # z must  be  in  watts  and  lumust  be  in  rad  s. 
iDLViifrY:  Apply  V r - In.  to  the  motion  of  the  propeller  anJ  then  use  constant  acceleration  equations  to 
inalv/e  tb:  motion.  IF  - r& 0 . 


SETUP:  / -4(117  kgM2.08mr  -42.2  kg  m*  . 

Execute:  (u>  a - - — 1 ’ 11  N 1 ■■  - 46  2 rad  s'. 

/ 42.2  kg  m* 

(b>  to]  - tvl,  -t  2 a,  (O-  0t ) gives  to  - yJl/iO  - ^2(46.2  rad  s‘%)(5.0  rcvX 2.r  rad  rev)  - 53.9  rad  s. 

(c>  Hr  -z0  = (1950  N mX5.00  rc\  )2-r  rad  rev>  = 6.l3x  104  J. 

to  -o>x  53.9  rads  . t_  ^ W 6.l3xl04J 
r 1.17  s.  P a — s 


(d) 


« 462  rads*  ’*  At  1.17  s 

Evaluate:  P - no  . r is  constant  and  (o  is  linear  xn  /.  so  P,  is  half  the  instantaneous  power  at  the  end  of  the 

5.00  revolutions.  We  could  also  calculate  W from  W - AK  - 4 /«*  ^4<42.2  kg  m‘)(53.9  rxl  s)j  - 6.13x  I04  J 
(a)  Identify  and  Sli  Ur:  Use  Eq(  10.23 1 and  solve  fi>r  r . 

P - z cj  . w here  wd  must  be  in  rad  s 

Execute:  to  = (4000  rev  min  M2;r  rad  1 rcv)(  I nun  60  s)  - 41K.9  rad  s 
P l.5Qx|Q*W 


<o  418.9  rids 
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I0..14. 


10.35. 


10.36. 


( It > IDENTIFY  and  SET  UP:  Apply  y F - trta  to  the  drum.  Find  tbc  tension  T in  the  rope  using  r,  from  part  (a). 
The  system  is  sketched  in  Fiuure  10.33. 


’t 


Figure  10.33 


EXECUTE:  \ constant  implies  a - <>  and  / - n 
Tt  =*  TR  implies 

r - r4 i?  - 358  N • m.0.200  m - 1 790  N 
Thus  a weight  »»•  - 1 790  N can  be  lifted 


|c>  Iden  llh  and  SET  UP:  Use  v - Rat 

Execute:  The  dram  has  418.9  rad  's,  so  v = (0200  oi)(4I8.9  rad*)  = 83.8  m s 

Evaluate:  The  rate  at  which  T r*  doing  work  on  the  drum  is  P - Tv  - <1790  NW83.8  m s)  - 150  kW.  This 
agrees  with  the  work  output  of  the  motor. 

Identify:  L - and  / - . 

SETUP:  a - 0.50  rev's  = 3.14  nidi  . 1^ and 

Execute:  / ^(55  kg.SO.OkgH4.Om>-  = I6H0  kg  mJ . L — (16S0  kg-m*)(3.14  rad'*)-  5.28x10'  kgmV* 
EVALUATE:  The  disk  and  the  womin  hive  similar  values  of  /.  even  though  the  disk  has  twiee  the  maw. 

(a)  IDENTIFY:  Use  L -mvr xin^  (Eq.(  10.25)): 

SET  Up:  Consider  Figure  10.35. 


Execute:  L - wvrsin^  - 
(2.00  kg*  12.0  mSMK.O)  m)sin!43 
1-115  If-mVi 


To  find  the  direction  of  /.  apply  th:  right-hand  ruV:  by  turning  r into  the  direction  of  r by  pushing  on  it  with  the 
fingers  of  your  nght  hand  Your  thumb  points  into  the  page,  in  the  direction  of  L. 

(b>  IDENTIFY  and  SET  Up:  By  Eq.<  10.26)  the  rate  of  change  of  the  angular  momentum  of  the  rock  equals  the 
torque  of  the  net  force  acting  an  it. 

Execute:  r = mg(8.00  m)cas36.9°  = 125  kg  m3  /s3 

To  find  the  direction  of  z and  heixe  of  dLfdt,  apply  the  nght -hand  rale  by  turning  r into  th:  direction  of  the 
gravity  force  by  pushing  on  it  with  th:  fingers  of  your  right  hand.  Your  thumb  points  out  of  the  page,  xn  the 
direction  of  dL'di. 

Evaluate:  L and  dL  'di  arc  in  opposite  directions,  so/,  is  decreasing.  The  gravity  fcecc  is  accelerating  the 

rock  downward,  toward  the  axis.  Its  horizontal  velocity  is  constant  but  the  distance  / is  decreasing  and  bcncc  /.  is 
decreasing. 

Identify:  Ld  = /<u 

SET  UP:  For  a particle  of  mass  m moving  xn  a circular  path  at  a distance  r from  tbc  axis.  / - mr'  anJ  i - ro . For 
a uniform  sphere  of  mass  M and  radius  R and  an  axis  through  its  center,  / - ^MR' . The  earth  has  maw 
mk  a 5.97 x 1034  kg  . raJius  Ri  - 6.38 x 10*  m and  orbit  radius  r - l.50x  10* ' in  . The  earth  completes  one  rotation 
cm  its  axis  in  24  h - 86,401  s anJ  one  orbit  in  1 y -3.156x10*  s . 

EXECUTE:  (u>  L = /«  - mr = (S.97xlO*  knXI.SOxlO"  m)3j — ~ " n>d — ' - 2.67  xlO4’  kg • in3* . 

\3.156xlO  s) 

The  radius  of  the  earth  is  much  less  than  its  orbit  radius,  so  it  is  very  reasonable  to  mixlcl  it  as  a panicle  for  this 
calculation. 

|h>  l -/»  -(*MKi)ra-*(S.97xlO:'  kgM6.3S.lO-  m):  '|I’J  j- 7.07x10*'  kg -mV* 

EVALUATE:  The  angular  momentum  associated  with  each  of  these  motion*  is  very  large. 
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10.37. 


10.38. 


10.39. 


10.40. 


IDF.M1VY  and  S*:r  L'P:  Use  L - Uj 

Execute:  Hie  vxond  hand  makes  1 revolution  in  I minute,  so 
m ^ (1 .00  rev Imn|<2.T  rad  I rev*  1 min  60  s)  ^ 0. 1017  rad  s 
For  a slender  rod,  with  the  axis  about  one  end. 

/ ^ 'rMl!  - 4(6.00  - 10  ' kg«0.  1 50  m)‘  = 450 . 10  ' kg  m*' 

Then  L - /a>  = (4.50»  10  ' kg  tn’xO.1047  ntd»)  = 4.71xl0  ‘ kg-m'/*. 

Evaluate:  L Is  clockwise. 

Identify;  oi  - dO:  di . L - !o>  and  r.  - dLdi . 

S»:r  t'l:  For  a hollow,  thin-walled  sphere  rolling  ahoul  an  a.«i.s  through  its  center.  / -±MR' . K - 0.240  m 
EXECUTE:  l a > .1  - 1 .50  rad 's’ and  B - 1.10  rad's'  .so  that  (1(f)  will  lave  units  of  radians. 


|b)()  oi  - — - 2/&+4A*.  At  l a 3.00  s , at,  - 2<l.50  rad fc* X3.00  s) . 4(1.10  rads‘XJ.00  s)‘  - 128  rads  . 
dt 

L - (i.l//f’  I nr  ^ 4(12.0  kgM0.240  m)'(l28  rad's)  - 59.0  kg  m’.'s  . 

(ii>  r ^-7— -/<2,4»l2flr)  and 

di  dt 

r 4(12.0  kgKO.240  m)'<2|l.50  tad  s*'jfl2|1.10  rad.i'p.00  sf)  - 56.1  N n 


EVALUATE:  The  angular  speed  of  rotation  is  increasing.  This  increase  is  due  to  an  acceleration  ti  that  is 
produced  by  tlx  torque  on  the  sphere.  When  / is  constant,  as  it  is  here,  z - dl.  di  - tdeo  fdt  - lei  and 


Equations  (10.291  and  1 10.7)  arc  identical. 

iDEVnfY : Apply  conservation  of  angular  momentum. 


SET  UP:  For  a umt'onn  sphere  and  an  axis  through  its  center.  / - $MR* . 

EXECUTE:  The  moment  of  inertia  is  proportional  to  the  square  of  the  radius,  and  so  the  angular  velocity  will  he 
proportional  to  the  inverse  of  the  square  of  tlx  rath  us.  and  tlx  final  angular  velocity  is 


2,7  rad 


<30d)(86.400  St’d) 


|7°^)  ■46x|°>  rad/ 


EVALUATE:  K - 2/ru’  - v . L is  constant  and  ^increases  by  a large  fixtor.  so  there  is  a large  increase  in  the 

rotaticeial  kinetic  energy  of  the  star.  This  energy  ccencs  from  potcntul  ctxrgy  associated  with  the  gravity  force 
within  the  star. 

IDEVI1FY  and  SET  L’P:  L is  conserved  if  there  is  no  net  external  torque. 

Use  conservation  of  angular  momentum  to  find  to  at  the  new  radius  and  use  A'  - i./ar1  to  find  the  change  in 
kinetic  energy,  which  rs  equal  to  tlx  work  done  on  the  Mock. 

EXECUTE:  (u)  Yes.  angular  monxntum  is  conserved.  The  moment  arm  for  the  tension  in  the  cord  is  zero  so  this 
force  exerts  ix*  torque  and  there  is  no  net  torque  on  the  block. 

< li|  Lx  - Is  so  !fi\  - i/Oy  Block  treated  as  a point  mass,  so  / - mr\  where  r is  the  distance  of  the  bfack  from  tlx 
hole. 

"•fa  = mr/"l 

“ ‘(S^) 

(c>  k - 4W  - 4«>rV  » 

v,  = r,o\  -(0.300  mXl.75  rad.l)  - 0.525  m* 

K - 4imf  - 4(00250  kgX0.525  m's)!  =0.00345  J 
A.';=4mv; 

v\  - r}to,  - (0. 1 50  mH  7 00  rad  s)  - 1 .05  m s 


A\  ^ yfitrj  - 440.0250  kgKl.05  ms)2  - 0.01378  J 
AA  ^ Ks  - Kx  ^ 0.01378  J -0.00345  J - 0.0103  J 
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10.41. 


But  WXA  - W\  the  work  done  by  the  tension  in  the  coni  so  W - 0.0103  J 

EVALUATE:  Smaller  r means  smaller  /.  L - lea  is  constant  so  to  increase*  and  K increases.  The  work  dime  by* 
the  tension  is  positive  since  it  is  directed  inward  and  the  block  move*  inward,  toward  the  bole. 
lutMin : Apply  conservation  of  annular  momentum  to  the  motion  of  the  skater. 

SET  UP:  Fora  thin- walled  hollow  cylinder  / - ffiR'  . For  a slender  rod  rotating  about  an  x\is  through  its  center. 

Execute:  £j  =£,  «i  /ja>  - /,<u( . 


I - 0.40  kg-m2  »i(8.0  kut  I.S  ra(’  - 2.56  kg  - m1 . /.-0.40  kg 


Cl  kgXO.25  m)1  -0.90  kg 


V /,  [ 0.90  kg  m- 


(0.40  rev/*)- 1.1 4 rev*  . 


Evaluate:  K -4/<u*  - jLn) . ^increases  and  L is  constant,  so  K increases.  The  increase  in  kinetic  energy 

conxs  fn>m  the  woe k done  by  the  skater  when  he  pulls  in  his  hands. 

10.42.  IDENTIFY:  Apply  conservation  of  angular  momentum  to  the  diver 

SET  UP:  The  number  of  revolutions  she  makes  in  a certain  time  is  proportional  to  her  angular  velocity.  The  ratio 
of  her  untucked  to  tucked  angular  velocity  is  (3.6  kg  m2)/(l8  kg  m*| . 

Execute:  If  she  Kid  tucked,  she  would  have  made  (2  rev)(3.6  kg  m*)/(l&  kg  m:  > - 0.40  rev  in  the  list  1.0  s, 
so  she  would  haw  nadc  (0.40  rcvXI.5/1.0)-  0.60  rev  in  the  total  1.5  s. 

EVALUATE:  Untucked  sh:  rotates  slower  and  completes  fewer  re  volutions. 

10.43.  IDENTITY  and  SET  Up:  Tl»^e  is  no  net  external  torque  alxiut  the  nMatnin  axw  so  the  angular  momentum  /.  - /m 
is  conserved. 

Execute:  (u>  Lx  ^ L gives  /,<q  so  m.  ^ (/4 
/,-/.=  -MU'  = 1(120  kg  H '.0(1  m)’  - 240  kg  m‘ 

/, / f = 240  kg  • m ‘ + mR‘  = 240  kgm1  -.170  kgH’.OO  m>;  ■ 520  kg  m’ 

»,  = (/, /,)«  - (240  kg  m'  / 520  kg  m1  M3.00  lad's)  - 1 .38  rad  * 

<b>  A',  a 4 /.of  = y(240  kg • m'  X3.0O  rad's)1  -I0S0J 
A';  - ±/u»j  - 4(520  kg  • m’  )(1  J8  rad  ■*)'  = 495  1 

EVALUATE:  The  kinetic  energy  decreases  because  of  the  negative  work  done  on  the  turntable  and  the  parachutist 
by  the  friction  force  between  these  two  objects. 

The  angular  speed  decreases  because  / irxrcascs  when  the  parachutist  is  added  to  the  system. 

10.44.  Identify  : Apply  conservation  of  angular  momentum  to  the  collision. 

SET  UP:  Let  the  width  of  the  door  be  /.  The  initial  angular  momentum  of  the  mud  is  «v(//2) . since  it  stnkes  the 

door  at  its  confer.  For  th:  axis  at  the  hinge.  = ,.!//* and  /.^  - nt(f/2)2 . 

«.  L *>v{U2) 

Execute:  « — 

/ (l/3)A//‘  rm(l/2)' 

— 1 0.500  kg M^O^m,'* )|(l.5()0  m ) ^i0  „3 

(l/3)(40.0  kg|(  1.(0  m)‘  +(0.500  kg)(0.500  m) 

Ignoring  the  mass  of  the  mud  in  the  denominator  of  the  above  expression  gives  a*  - 0.225  nd/s,  so  the  mass  of 
the  mud  in  the  moment  of  inertia  docs  affect  the  third  significant  figure. 

EVALUATE:  Angular  momentum  is  conserved  but  there  is  a large  decrease  in  th:  kinetic  energy  of  the  system. 

10.45.  (a)  IDENTIFY  and  SET  Ur:  Apply  conservation  of  angular  momentum  L.  with  th:  axis  at  the  nail.  Let  object  A 
be  the  bug  and  object  D be  the  bar.  Initially,  all  objects  are  at  rest  and  Lx  - 0.  Just  after  the  bug  jump*,  it  has 
angular  momentum  in  one  direction  of  rotation  and  the  bar  is  rotating  with  angular  velocity  eoA  in  the  opposite 
direction. 

Execute:  L = mAvAr- where  r-  1.00  m and  lk  -T ***** 

Lx  gives 

- 0.120  rail's 
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<b)A>0  Ks^myA  + y,v 1 = 

4(00100  kgXO.200  ro‘*)'  +^0.0500  kglfl.00  mj* }(0.120  rad»>*'  - J.2‘10^  J. 

The  increase  in  kinetic  energy  comes  from  work  done  by  the  bug  when  it  pushes  against  the  bar  in  order  to  jump. 
EVALUATE:  There  it  no  external  torque  applied  to  the  system  and  the  total  angular  momentum  of  the  system  is 
constant.  There  are  internal  forces,  forcct  the  bug  and  bar  exert  on  each  other.  The  forces  exert  teeque*  and  change 
the  angular  momentum  of  the  hug  and  the  bar.  but  th^se  changes  are  ojual  in  magnitude  and  opposite  in  direction. 
These  internal  forces  do  positive  work  on  the  two  objects  and  the  kinetic  energy  of  each  object  and  of  the  system 
increases. 

10.46.  iDEVnFV:  Apply  conservation  of  angular  momentum  to  the  system  of  earth  plus  asteroid. 

SET  UP:  Take  th:  axis  to  be  the  earth's  rotation  axis.  The  asteroid  may  be  treated  as  a point  mass  and  it  has  rero 
angular  momentum  before  the  collision,  since  it  is  headed  toward  the  center  of  the  earth.  For  the  earth. 

2.T  rad 


L - Sftf  and  / =iS1Rm  .where  .If  is  the  mass  of  the  earth  arxl  R is  its  radius.  The  length  of  a day  is  7*  - 


where  mis  the  earth's  angular  rotation  rate. 

EXECUTE:  Conservation  of  angular  momentum  applied  to  the  collision  between  the  earth  and  asteroid  gives 


iM&q  ^ + iMR1  and  m - l\t 


T.  - I 250r  gives  — 


1.250 


ind  m ^ I 250m  . 


1-0.250.  m - ^<0.250)A/  = 0. 1 00.1/ 

Evaluate:  If  the  asteroid  hit  the  surface  of  the  earth  tangentially  it  could  hive  some  angular  momentum  with 
respect  to  the  earth’s  rotation  axrs.  and  could  either  speed  up  or  slow  down  the  earth's  rotation  rate. 

10.47.  IDENTIFY:  Apply  conservation  of  angular  momentum  to  the  collision. 

SET  Up:  The  system  before  and  aftcT  the  collision  is  sketched  in  Figure  10.47.  Let  counterc lock' wise  rotation  be 
positive.  71>c  bar  has  / - inuLm . 

Execute:  (u)  Conservation  of  angular  momentum  »\\\ d - -t  m . 


(3.00  kgHlO.O  m/s)  (1.50  ml  ^ -<3.00  kgW6.00  m/s  HI  50  m)  + 


J90.0N 
9X0  m.V 


(21X1  m )‘to 


to =5.88  rad/i . 

<l>)  There  axe  no  unbalanced  torqiKs  about  the  pivot,  so  angular  momentum  is  conserved.  But  th:  pivot  exerts  an 
unbalanced  horizontal  external  force  on  the  system,  so  the  linear  momentum  is  not  conserved. 

Evaluate:  Kinetic  energy  is  not  conserved  in  the  collision. 

Bcftac.  Pivot  Afki. 


Figure  10.47 


10.48.  IDENTIFY:  dL  - tdi . so  dL  is  m the  direction  of  t . 

SET  Up:  The  direction  of  mis  given  by  the  right-hand  rule,  as  described  in  Figure  10.26  in  the  textbook. 
Execute:  The  sketches  arc  given  in  Figures  10.48a  d. 


10.49. 


I0.>0. 


10.51. 


10.52. 
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EVALUATE:  In  figures  (a)  and  (c)  the  precession  is  counterclockwise  and  in  figures  (b)  and  <d)  it  is  clockwise 
When  the  direction  of  either  dor  1 reverses,  the  direction  of  precession  reverses. 


Figure  10.48 


Identity:  The  precessior 


gyroscope. 

Set  UP:  The  total  im&s  of  the  gyroscope  is  m{  - m.  - 0. 140  kg  r 0.0250  kg  - 0. 165  kg 


il- 


ls rad  2s  rad 


2.856  rad  s . 


*10'  rev  mm 


T 2.20  % 

Execute;  (a)  t\  - «•„  -<0.16S  kgH9.S0  in'*2)  = 1.62  N 

W-(0:65kg)l9.80^K,,400n'l  |S9rjdi_ 

/ft  (1.20  xIO*4  kg  m*K  2.856  rad  SI 

(c)  If  the  figure  in  the  problem  is  viewed  from  above,  r is  in  the  direction  of  the  precession  and  L is  akmg  the 
axis  of  the  rotor,  away  from  the  pivot. 

EVALUATE:  There  is  no  vertical  component  of  acceleration  associated  with  the  motion,  so  the  force  from  the 
pivot  equals  th:  weight  of  the  gyroscope.  The  larger  is,  th:  slower  the  rate  of  precession. 

IDLMITY : The  precession  angular  speed  is  related  to  the  acceleration  du:  to  gravity  by  Eq.(  10.33 !.  with  w - mg  . 
SET  Up:  ft^  - 0.50  rad  * . gi  - g and  g^  - 0. 165g  . For  the  gyroscope,  m.  r.  /.  and  are  the  same  on  th:  nwm 

as  on  the  earth. 

Execute:  n - 221 . £ , TL  - consist  .vofi-fk 


ft*,  - ft,  — 1 - 0. 165ft,  ^ (0.165X0.50  rad  s>  ^ O.OS25  rad  s . 

, 8k 


Evaluate:  In  the  limit  that  g->  0 the  precession  rate  ->  0 . 

IDENTIFY  and  Set  Up:  Apply  Eq.(  10.33). 

Execute:  (u|  halved 

<b)  doubled  (assuming  thit  the  added  weight  is  distributed  in  u>ch  a way  that  /*  and  / are  not  changed) 

(c)  halved  (assuming  thit  w and  r are  not  changed! 

(d)  doubled 

(e)  unchanged. 

Evaluate:  ft  is  directly  proportional  to  w and  r and  is  inversely  proportional  to  / and  to. 

Identify:  Apply  Eq.(  10.33),  where  r - nr  . 

SET  UP:  1 day  - 86.4(XI  s . 1 yr  - 3.156x  10:  s . The  earth  has  mass  .1/  - 5.97  x lO4  kg  arc!  radius 

R - 6.38  xl0‘  m . For  a uniform  sphere  and  an  axis  through  its  center.  / MR ‘ . 

Execute:  (si)  r - /&C2  - (2/5).t/i?Wl  Using  to  - -r.-ZJ.aL  and  ft -'TJ.**} and  die  mass 

S6.40I)  i (26.000  y|<3. 156.10'  *y> 

and  radius  of  the  earth  from  Appendix  F.  r - 5.4  N m . 

Evaluate:  If  the  torque  is  applied  by  the  sun.  r = l.5x  10"  m and  F - 3.6  x I011  N . 
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10.53.  Ideyiify:  Apply  V r - /«.  and  contain  acceleration  equations  to  tbc  motion  of  the  grindstone. 

SET  UP:  Let  tbc  direction  of  rotation  of  the  grirxlstonc  be  positive.  "Hie  friction  force  is  / - aiiel  produces 

torque  fR . ro  - ""  ‘‘>u  j | - 4x  rad . / - i^MR2  - I 69  kg  m* . 

EXECUTE:  (u)  The  net  torque  nu«t  be 


r - ia  - t— — - (1.69  kgm'  i*  j - - 136  N m. 

Tim  torque  must  be  the  sum  of  the  applied  force  FR  and  tbc  opposing  frictional  torques 

r,  at  the  x\le  and  fR  - pjiR  due  to  the  knife.  F - — ( r -*  r,  -f  f\nR) . 

R 


|<2.36  N m>  r <6.50  N m)  t <0.60)(  1 60  \K0.260  m))  - 67.6  N 


F 

0.500  m 

(b)  To  muntain  a constant  angular  velocity,  the  rxi  torque  r is  zero,  and  tbc  force  F 1 is 
r - . ^ 16.50  N-m»  24.06  N • m>  = 62.*  N. 

(cl  The  time  t needed  to  come  to  a stop  is  found  by  taking  the  magnitudes  m Eq.(  10.27).  with  r - z.  constant: 


<u/  (4.t  rad S)(  1.69  kg  m 


3.27  s. 


6.50  N m 


Evaluate:  The  time  foe  a given  change  in  to  is  proportional  to«  . which  is  in  turn  proportional  to  the  net  torque, 
so  the  time  in  part  (c)  can  also  be  found  as  / - (9.00  s }r  ™ . 

10.54.  IDF.M1FY:  Apply  Y r - la  and  use  the  constant  acccleratxm  equations  to  relate  a to  tlx  motion. 

SET  UP:  Let  the  direction  the  wheel  is  rotating  be  positive.  100  rev  mm  - 10.47  rad.* 


co  -cot  10.47  rad  s -0 

I 2.XI  s 


5.23  rads* . 


Execute:  <u>  ea  = iq.,  -t at  gives  <1 

l - =—  - .5  00  N • m.  - 0.956 kg  m> 

r/  5.23  rad  s‘ 

[b)  - 1047  rad*  • - 0 . t - 125  s to  - + aj  gives  a - ™ ^ ° *****  - -O.QS38  nd'sJ 

= /«  = (0.956  kg-m*M-O.OK38radV)  = -O.OKOI  N-m 


MO* 


I - 


(10.47  rad  s + 0 


(125  s) -654  rad -104  rev 


2 ) \ 2 

Evaluate:  The  applied  net  torque  ( 5.00  N m I is  mu:h  larger  than  the  magnitude  of  the  friction  terque 


< 0.0801  N • m I.  so  the  time  ot  2.00  s that  it  takes  the  wheel  to  reach  an  angular  speed  of  100  rev  mai  is  much  less 
than  the  1 25  s it  takes  the  wheel  to  be  brought  to  rest  by  friction 

10.55.  IDENTIFY  and  Set  Up:  Apply  v-rca.  v is  the  tangential  speed  of  a point  i>n  the  hm  of  the  wheel  and  equals  the 
linear  speed  of  tbc  car. 

Execute:  (a)  v = 60  mph  - 26.S2  ms 
r = 12  m.  = 0.3048  m 


to KS.O  rad's  - 1 4.0  revs  - M0  rpm 

y 

(b)  Same  to  as  in  part  (a)  since  speedometer  reads  same 
r = 15  in.  = 0.381  m 

v » iw  = (0.38 1 mil  KS.O  rad's)  = 33.5  m s = 75  mph 

(c)  v = 50  mph  - 22.35  m s 
r-10  in. -0.254  m 


to  KS.O  rad  s.  This  is  the  same  as  for  60  mph  with  correct  tires,  so  speedometer  read  60  mph. 

r 

EVALUATE:  Tor  a given  to*  v increases  when  r increases. 
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10.56. 


10.57. 


10.5#. 


10.59. 


IDENTIFY:  The  kinetic  ccxrgy  of  the  disk  rs  K — ^ ty/a>‘ . As  it  tails  its  gravitational  potential  energy 
decreases  and  its  kinetic  energy  increases.  The  only  work  done  on  the  disk  is  the  work  done  by  gravity,  so 

Ski  UP:  -.A,1),  where  R - 0300  m and  P.  - 0.5CK)  m i...  - R,<».  Talc  y,  - 0 . 10 

y%  = — I -20  m . 

Execute:  A,  +1/,  =A,  +Ut.  A,  -0.  V,  -0.  A,  - -V, . - -Mgi; . 

U..a'  = ,1/(1 f - 0.J4OA/.1 . Then  0 SJO.I/i  '.  - -Mgy,  and 

£ F®7  _ , 3 74  ^ 

V 0.840  \ 0.840 

EVALUATE:  a point  mass  in  free-fall  acquires  a speed  of  4.85  m s after  falling  1.20  m.  The  disk  has  a value  of 
v..  that  is  less  than  this,  because  some  of  the  original  gravitational  potential  energy  has  been  converted  to 
rotaticeial  kinetic  energy. 

IDLN I1FY:  Use  ^ - /a  to  find  the  angular  acceleration  Just  after  the  ball  falls  oft'  and  use  conservation  of 

energy  to  find  the  angular  velocity  of  the  bar  as  it  swings  through  the  vertical  position. 

SET  L7P:  The  axis  of  rotation  is  at  the  axle,  for  this  axis  the  bar  has  / - . where  - 3.S0  kg  and 

L - 0.800  m . linergy  conserv  ation  gives  A.  + C/,  - K1  +U3 . The  gravitational  potential  energy  of  the  bar  doesn't 
change.  Let  \\  = 0 , so  v3  = -L/2  . 

Execute:  (u)  r^m^fLllfaai  ♦/„  tm^L/2)' . Yr  -la  give* 


r/  - 


W.  /•’",,<! -2> 


and  a - 


2(9.80  mVV  2.50  k? 


16.3  rads1 


ui„,  - a ) l)  8(XI  m V 2.50  kg  +(3XU  kg)'  3 

(b)  As  the  bar  n>iates.  the  moment  arm  foe  the  weight  of  the  ball  decreases  and  the  angular  acceleration  of  the  bar 
decreases 

(c>  A-  *v,  = A.  t U, . 0 - A.  ,V. . i(A  * A.W  - -«  ,?(-t/2) . 


r*tuyj- 


a fg  «"*ua  _ 

*i2~tfZ  V0. 


.80  mV 


4(2.50  kgl 


m \ 2.51)  kg  +13.80  kg).  3 

to  - 5.70  rad  s . 

EVALUATE:  As  the  bar  swings  through  the  vertical,  the  linear  speed  of  the  ball  that  is  still  attached  to  the  bar  rs 
v- (0-400  mK5.70  rads)  - 2.2S  m s . A point  mass  in  free-tall  acquires  a speed  of  2.80  m s after  falling  0.400  m; 
the  ball  on  the  bar  acquires  a speed  less  than  this. 

IDF.M1FY:  Use  - la  to  find  a . and  tlxn  use  the  constant  ti  kinematic  equations  to  solve  for  /. 

SET  UP:  The  door  is  sketched  in  figure  10.5S. 

© 

Exec  HE:  £r,  -Ft  -(220  NM 125  m)  = 275  N 
From  Table 9.2(d),  I -{Ml‘ 

1 - 2(750  Ni'O.SO  rai' Ml  .25  m)*  - 39.9  kg  • m; 


F - 220  N 


[1‘. 


- 1.25  m 


Zf.  ^/a 


vo  a - 


II  ■ 

10.: 

Sri  275  N 


jus  at 
lunge 

(Ware  10.58 


r — 6.89  nidi 


/ 39.9  kg  m 

SET  Lip:  a - 689  rid  .’:  0-0,  - 90d(.t  rad  1 HO1)  - t/2  rod;  -0  (door  initially  at  tea);  ( -7 
O-O.-a.l+jar 


EXECUTE:  „ 0.675s 

Y u \6  .89  rad's* 

EVALUATE:  The  forces  and  the  motion  are  connected  through  the  angular  acceleration. 

Identify:  r-r/'sin^ 

SET  Up:  Let  x he  the  distance  from  the  left  end  of  the  rod  where  the  string  is  attached  for  the  value  ofx 
where  f(x)  is  a nviunmm.  di  : dx  - 0 . 
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10.60. 


10.61. 


10.62. 


EXECUTE:  (ay  From  gconxtric  consideration,  the  lever  arm  and  the  sine  of  the  angle  between  F and  r arc  both 
maximum  it*  the  string  is  attached  at  the  end  of  the  rod. 

(bl  In  terms  of  the  distaixc  .x  where  the  string  is  attached,  the  magnitude  of  the  torqu:  is  Fxhj  Jx‘  + k’ . This 
function  attains  its  maximum  at  the  boundary,  where  .r  - 6.  so  the  string  should  be  attached  at  the  right  end  of 
the  rod 


(cl  As  a furxtion  of  x.  / and  A.  the  torque  has  mignitudc  r - /•* 


xh 


Dittcrentuting  r with  respect  to  .r 


and  setting  equal  to  zero  gives  x ^ - (//2KI  ♦ (26//y*|.  This  will  be  the  point  at  which  to  attarh  the  string  unless 
26  > /.  in  which  case  the  string  should  be  attached  at  the  furthest  point  to  the  right,  .r  - /. 

Evaluate:  In  part  (a)  the  rmxinuim  torque  is  independent  of  A.  In  part  (hi  the  maximum  torque  is  mdeprndent 

of  /.  In  part  (c)  the  maximum  torque  &pcnds  on  both  h and  /. 

I DEN  11TN : Apply  Y r - In  . where  r is  due  to  the  gravity  fccce  on  the  object 
Set  Up:  / ^ /.*  + / U/ . /.w  . In  part  <b).  J4fc>  = ML1 . In  part  (c),  / Wf  ^ 0 . 

Execute:  (u)  A distance  1/4  from  the  end  with  the  clay. 

(by  In  this  ease  / -(4/3>A///  and  th:  gravitational  torque  is  (3£/4X2.l/#)xin0  -<3A/g L/2)sin0,  so 
a a (9gf&L)*inO. 

fc)  In  this  ease  / - <l/3 )A/IJ  and  the  gravitational  torque  is  (LjtK2Mx)sm0  - {Mg Lf 2)%in0%  so  a -(3tf/2/.>*in0. 
This  is  greater  than  in  f\irt  (b). 

(dy  The  greater  the  angular  acceleration  of  the  upper  end  of  the  cue.  the  faster  you  would  have  to  rc»:t  to  overcome 
deviations  from  the  vertical. 

Evaluate:  In  part  (b).  / is  4 times  latter  than  in  part  (cl  and  r is  3 times  larger,  a = zi!  , so  th:  net  cfTcct  is 
that  a is  smaller  in  (b)  than  in  (c). 

Idi.MITV:  Calculate  W using  the  procedure  spccifxd  m the  problem.  In  part  <c)  apply  the  work -energy  theorem. 

In  pirt  (dy.  - Ra  and  V r - In  . - Rar  . 

SET  Up:  Let  0 be  the  angle  the  disk  has  turned  through.  The  moment  arm  for  /•*  is  RcoxO  . 

Execute:  (ay  The  torque  is r - FRco&O.  W - j FReotkO  JO  - FR  . 

(by  In  Eq.(6.l4),  dl  is  the  horizontal  distance  the  pcxnt  moves,  and  so  W - /Jd/  - FR,  the  same  as  part  (ay. 

(c)  From  - W - lUR'ftW.  - J4F/MR. 

(dy  The  torque,  and  hence  the  angular  acceleration,  is  greatest  when  0 - 0.  at  which  point  a — (r/J)  — 2 FfMR . and 
so  the  maximum  tangential  acceleration  es  2F/M. 

(c)  Using  the  value  for  found  in  |Mit  (e).  a u - (o' R -4  F jM . 

EVALUATE:  - ey  R is  maximum  initially,  when  the  moment  aim  for  F is  a maximum,  and  it  is  zero  after  the 

disk  has  rotated  one-quarter  of  a revolution.  is  zero  initially  and  is  a maximum  at  the  end  of  the  motion,  after 
the  disk  has  rotated  one -quarter  of  a revolution. 

I DEN  I1PY:  Apply  V /*  - ma  to  the  crate  and  V r#  - /a,  to  the  cylinder.  The  motions  are  connected  by 
o(crate)  - /to(cylinder). 

SET  UP:  The  force  diagram  fee  the  crate  is  given  in  Figure  10.62a 

Execute:  £a*.  -mat 
T - mg  - trxj 

T a m(g  + a)  = 50  kg<9.80  ink*  * 0.80  ) - 530  N 

MX? 

Figure  10.62a 
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10.63. 


10.64. 


SET  LtP:  Tbc  force  diagram  fee  tbc  cylinder  is  given  in  Figure  10.62b 


EXEA  l re: 


!•- 


fa 


H-TR-la r where  0.12  m and  ^0.2Sm 
a - Ra  so  a - a •'  R 

m 

Ft  - TR  ttafR 


F - 


m 


m n 


D.25  tn  I <2.9  kg  m2 *0.S0  m»‘s2 1 


i;*  i: 


1200  N 


<0.25  «n)(0. 12  m) 

EVALUATE:  The  tenrioa  in  the  rope  is  greater  than  the  weight  of  the  crate  since  th:  crate  accelerates  upward.  If  F 
were  applxd  to  the  rim  of  the  cylinder  </-  0.25  mX  it  would  have  the  value  F - 567  N.  This  is  greater  than  T 
because  it  must  accelerate  the  cylinder  a*  well  a*  the  crate.  And  F is  larger  than  this  because  it  is  applied  closer  to 
the  axis  than  R so  has  a simller  moment  arm  and  must  be  larger  to  give  the  san>:  torque. 

Identify:  Apply  - m*  , and  ]T  r - 1 jt  to  th:  roll. 

SET  L7P:  At  the  point  of  contact  the  wall  exerts  a friction  force /directed  downward  and  a normal  force  n 
directed  to  the  nght.  This  is  a situation  where  the  net  foccc  on  the  roll  is  zero,  but  the  net  torque  is  not  zero. 
EXECUTE:  (a>  Balancing  vertical  forces.  - f + w+  F,  anJ  balancing  hori/ixital  forces 

fr- sin  0 - it.  With  f - //t/j.  these  equations  become  FtmX  cos 0 - -t  F+  n\  FtM.  sin  0 - n.  Eliminating  n aixl 

solving  for  F . gives 


F 


iv  r F 


1 16.0  kg  1 19.80  m s2 1 ♦ <40.0  N) 


N 


costf-^sintf  cos  MT- <0.25 |sin30; 

(hi  With  respect  to  the  center  of  the  roll,  the  nxl  and  the  nortml  force  exert  zero  torque.  Tbc  imgiutudc  of  tbc  net 
torque  is  (F  - f)R.  and/  - pj:  may  be  found  by  insertion  of  the  value  fouixl  for  into  either  of  the  above 
relations:  i.c..  f = ^F^smO  - 332  N.  Thai. 

z (40.0  N- 31.54  XKlK.OxlO  * m)  4 _t  t2 
a 4.71  rad's*. 

/ (0.260  kg  m ) 

EVALUATE:  If  the  applied  force  F is  inrreased.  increases  and  this  causes  n and  /To  increase.  The  angle 
6 changes  as  the  amount  of  paper  unrolls  and  this  atTects  a for  a given  F. 

IDENTIFY : Apply  - /«  to  the  flywheel  and  - ma  to  the  Mock.  The  targa  variaMes  are  the  tension  xn 
the  stnng  and  the  acceleration  of  the  bl<xk. 

(a)  SET  UP:  Apply  Y r - taJ  to  the  rotation  of  the  flywheel  about  the  axis.  TTk  free -body  diagram  for  the 
flywheel  is  given  in  Figure  10.61a. 


EXECU TE : TT>c  forces  n and  3f>: 
it  the  axis  so  have  zero  torqix. 

Zrf.W 

TR  - la 
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10.66. 


SET  Lip:  Apply  V f - ms  to  the  translational  motion  of  the  block.  The  frcc-body  diagram  for  the  block  » given 
in  Figure  10. 


IM 


VfW.* 


EXECUTE:  JV  = 

n - m#  cos  36.9°  - 0 
n a mg  cos  36.9° 

A “ /V7  “ cas36. 


I/'-. 

iw#  sin  36.9°-  7*  — cos  36.9P  - mu 

mgfsin  36.9s  - cos  36. 9°)  -T^ma 

But  we  also  know  that  - itolVtl.  so  a - Using  this  in  the  y]r,  = /<r#  equition  gives  7ft  - /<r.'7?  and 
7*  -(///?* Itf.  Use  this  to  replace  7* in  the  Y]f*4  - m d.  equation 
mgtsin  36.9°  - cos  36. 9*)  - (/ R*  )a  - /nu 
w^lsin.lb.y  - ;i,  cos36.9°) 
m + StK* 

a _ (5.<Klg|9.K0ni.'«1HHn36.y-(02S|L-o»36.9n  , ,,  ^ 

5.00  kg  + 0.500  kg  ■ m'  '(0.200  m)’ 

7 _ 0.500  k8  l"‘(i  |2nVil).|4.0N 
(0.200  ml' 

Evaluate:  If  the  stnng  is  cut  the  block  will  slide  down  the  incline  with 

a - # sm 36.9’  - /\#cos36.9°- 3.92  m’s*.  The  actual  acceleration  is  less  than  this  because  /w#sin36.90  must  also 

accelerate  the  flywheel,  m#  sin  36.9°-  f \ = 19.6  N.  T is  less  than  this;  there  must  be  more  force  on  the  block 

directed  dawn  the  incline  than  up  then  incline  since  the  block  arcclcrates  down  the  incline. 

iDEvntY:  Apply  V /’*  - ms  to  the  block  ar>J  Y r - /r/.  to  the  combined  disks. 

SET  UP:  For  a disk.  /Aa  - IX 4R* . so  / for  the  disk  combination  is  / - 2.25  x 10  kg  ■ m\ 

Execute:  For  a tension  T in  tb:  string,  mg  - T - m a aixl  TR  - la  - I £?.  llliminatmg  T and  solving  for  a gives 

R 

a - >> . where  in  li  the  mail  of  tl»r  hanging  block  and  8 is  tbc  iadr.ii  of  the  disk  to  which  the 

iW  8 I t/i'itt/?  * 

itnng  Is  attached. 

(a)  With  in  - 1 .50  kg  and/?  - 2.50*  10  !m. ./  - 2.SK  n»'*!. 

(h)  With  in  - 1.50  kg  and  R = 5.00x10-' nv a -6.13  mfr*. 

The  acceleration  is  larger  in  case  <b);  with  tb:  string  attached  to  tb:  larger  disk,  tb:  tension  in  the  string  is  capable 
of  applying  a larger  torque. 

EVALUATE:  <u  - v/R  . w here  v is  the  speed  of  the  block  and  out  the  angular  speed  of  the  disks.  When  R is 
larger,  in  part  tb).  a smaller  fraction  of  the  kinetic  energy  resides  with  the  disks  Tb:  bkick  gains  mcec  speed  as  it 
falls  a certain  distance  and  therefore  has  a larger  acceleration. 

IDENTIFY:  Apply  both  V F - ms  and  y r - Ifi'  to  the  motion  of  the  rolk^.  Rolling  without  slipping  means 
a - Ra.  Target  variables  are  <x  and  f. 
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10.68. 


SKI  LtP:  Tbc  free  body  diagram  for  the  roller  is  given  in  Figure  10.66. 


Execute:  Apply  to  the 

translational  motxm  of  the  center  of  rms* 

F-/  = Ma. 


Apply  ^ z - la  to  the  rotatxm  about  the  center  of  mass: 

thin-walled  hollow  cylinder:  / - .UR1 
Then  £ r4  - lad  implies  (R  - MR1  a. 

But  cru.  - Ra.  so  / = A/aut. 

Uung  this  in  the  ^F,  - «w(  equation  gives  F - A/a  ##  - X 1a^t 
and  then  f-Ma^  - A/<F/2A/)  = F . 2. 

EVALUATE:  If  the  surface  were  fnctionless  tbc  object  would  slide  without  rolling  and  tbc  acceleratxm  would  be 
aM.  - Fl\f.  The  accelcruticoi  is  less  whm  the  object  rolls. 

Ide\  HIV:  Apply  V /’*  " ma  to  each  object  and  apply  Y r - Iat  to  the  pulley. 

SKI  UP:  Call  lb:  75.0  N weight  A and  the  125  N weight  D.  Let  Tt  arxl  Tv  be  the  tensions  in  the  cord  to  the  left 
and  to  the  right  of  the  pulley.  For  the  pulley.  / - 7A fR\  when:  \(g  - 50.0  N and  R - 0.300  m . The  125  N weight 
accelerates  downward  with  acceleration  a.  the  75.0  N weight  accelerate*  upward  with  arccicration  a and  the  pulley 
rotate*  clockwise  with  angular  acceleration  a . where  a - Ra  . 

Exec  1 It:  £/•*  - ma  applied  to  the  75.0  N weight  gives  TA  - wA  -mta  . - ma  applied  to  the  125.0  N 

w eight  gives  >»•  - = mAa  . £r  - Sad  applied  to  the  pulley  gives  (7**  - TA  )R  - (r\fR:  k*.  and  Tk-Tt-  1.1/ 

Combining  these  three  equations  gives  w,  - wA  - ( mA  + mk  + .U »'  2kJ  and 
i i 125  N -75.0  N 


i 2 I 75.0  N -f  1 25  N ♦ 25 .0  N 


J?  - 0-2 


222v.  7.  - u*  <1  r d.g)  - 1.222k.  = 91.65  N . 


T„  - *v(l - a.g)  - 0.778nrf  - 97.25  N . ma  applied  to  the  pulley  give*  that  the  force  F applied  by  the  hook 

to  the  pulley  is  F = TA  ♦ TM  -f  - 239  N . The  force  the  ceiling  applies  to  the  hook  is  239  N\ 

EVALUATE:  The  force  the  hook  exerts  on  th:  pulley  is  las  than  the  total  weight  of  the  system,  since  the  r>rt 
effect  of  the  motion  of  the  system  is  a downward  acceleration  of  mass. 

iDIA  IlfrY:  This  problem  can  be  done  either  with  conservation  of  energy  or  with  FdtX  - ma.  We  will  do  it  both 
ways. 

(a)  SEI  Uf:  <1 ) Conservation  of' energy:  K.  +L\  -f  W*  - A'  ♦ Us. 


Take  position  1 to  be  tbc  location  of  the  disk 
at  the  base  of  the  ramp  and  2 to  be  where  the 
disk  momentarily  stops  before  rolling  back 
down,  as  shown  in  Figure  !0.6Ka. 


Take  the  origin  of  coordinate*  at  the  center  of  the  disk  at  position  1 and  take  +y  to  be  upward.  Then  v(  - 0 and 
>\  - dsin30°.  where  <i  is  the  distance  that  the  disk  rolls  up  the  ramp.  "Rolls  without  slipping"  and  neglect  rolling 
frictxm  say*  W - <X  ceily  gravity  does  work  on  the  disk,  so  - 0 
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Execute?  t/,aJ4m*0 

A,  =fl/r*  + 7/..X  (Eq.10.1 1).  But  ta^\JR  and  so  7/.  .fit  = Th 

K -L\l,;  ~yM,‘  ^iMv% 

V,  = A/gr,  = A/rJ  *in30: 

A\  - 0 (disk  is  at  rest  at  point  2). 

Thus  i!/»;  = .l/£t/sin30° 
f 3v*  3(2.50  ms)* 

~ 4gsn3(T  ~ 4(9.80  m's‘)sin30 

Set  UP:  (2)  /brrr  ura/ o«W«w/(fln  The  free- bod)’  diagram  is  given  in  Figure 


0.95  7 m 


Execute:  Apply  =mat  to  the 
translational  motion  of  the  center  of  mass: 
AfgxmO  -f  a Ma^ 

Apply  ^ r,  - la  to  the  rotatxm  about  the 
center  of  mass: 

,R  = (lUR)a 


Figure  1 0.6Sb 

But  a # - Ra  in  this  equation  gives  f - 7.LA1  b . Use  this  in  the  - a»iiT4  equation  to  eliminate /I 
3/gsin0  - f.l/a  . - A/d  4 

A/  div  ides  out  and  7^.  agsintf.  a fc„  fW* 80  mV)  sin  30°  - 3 267  m*J 

SET  l.TP:  Apply  the  constant  acceleration  equations  to  the  motion  of  the  center  of  mass.  Note  that  in  our 

coordinates  the  positive  v<Jirection  is  down  the  incline. 

>;(  =-150  in  s (directed  up  the  incline);  d4  = -+3.267  m's1; 

V4  = 0 I momentarily  comes  to  rest);  x - Jtl  - ? 

Execite:  ,-^C-^,-<-250n't>;  -0.957m 
2d.  2(3.267  mV) 

(b)  EVALUATE:  The  results  from  tlx  two  methods  agree;  the  didt  rolls  0.957  m up  the  ramp  before  rt  ste^s. 

Tlx  mass  .1/  cnteis  both  in  the  linear  inertia  and  in  the  gravity  force  so  divides  out.  The  mass  .1/  and  rxlius  R enter 
in  both  the  rotational  iixrtia  and  the  gravitational  tongue  so  divide  out. 

IDLMIFA : Apply  - mii.sa  to  the  motion  of  the  center  of  mass  and  apply  to  the  rotation  about 

the  center  of  mass. 

SET  UP:  / = 2(  L\1R! ) = MR: . The  monxnt  arm  for  7*  is  b 

Execute:  TTie  tension  is  related  to  the  aecelcration  of  tlx  yo*yo  by  (2m)g  - T = (2/w)u,  and  to  the  angular 
acceleration  by  77»  - Sa  - Dividing  the  second  equation  by  h and  addmit  to  the  first  to  eliminate  T viekls 


2 w 


- 8 


(2  m + lfb)  2-t  \R;b) 

equations: 


Ik  . F 


The  tension  is  found  by  substitution  into  either  of  the  two 


E VALLATE: 


T~i2mXg-a)^{2mg)  | 1- 
0 when  b -+0 . /Vs  h ->  R , a 


2 

->2g/3 . 


!»'S 


1 + tKibY  (2(b'R)  ' l< 
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KDEVnFV:  Apply  conservation  of  energy  to  tbc  motion  of  the  shell*  to  fnxl  its  linear  speed  v at  points  A and  B. 
Apply  JTf  " ma  to  tbc  circular  motion  of  tbc  shell  in  tbc  circular  part  of  tbc  track  to  find  the  normal  force  exerted 
by  the  track  at  each  point.  Since  r « R tbc  shell  can  be  treated  as  a point  mass  moving  in  a circle  of  radius  R when 
applying  ^ A'  • ma  But  as  the  shell  rolls  along  the  trark.  it  has  both  translation!)  arxi  rotational  kiixtic  energy. 
SET  UP:  A',  -f  Vx  - A\  Let  1 be  at  the  starting  point  and  take  y - Oto  be  at  tbc  bottom  of  the  track,  so 

y,  - kt . K - -jMiv1  -f  . / - iffli*-  and  <u  - vfr  . so  K -ijuvJ . During  the  circular  motion,  a t-1  - r"  f R 

> 

EXECUTE:  (u)  ^ F - ma  at  point  A gives  n + mg  - mi  — - . The  minimum  speed  for  the  shell  not  to  fall  ofT tbc 
track  is  when  n ->  0 and  v’  = vR  . Lei  point  2 be  A.  so  y\  - 2R  and  v*J  = mR  . Then  X.  -t  L\  - A\  + b\  gives 


(b|  Let  point  2 be  tf.  so  \\  - R . Then  A',  -f  L\  - A,  * L\  gives  mgh^  - mgR  -t  Imvl  . With  /i  - ±R  this  gives 


V1  = . Then  £ At  # gives  * = « — a • 

R 

|c)  Now  K - r«iv ' instead  of  4ma*  . The  shell  would  he  moving  faster  at  .1  than  with  friction  and  woukl  still  make 
the  complete  loop. 

(d)  In  part  (c):  mgk,  - /w#(2A)  + ±m\‘  . J^-^-R  gives  »•*  - LgR  . ■ era  at  point  A gives  mg  r n - m — aryl 

» -/«[  — - g | - ±mg  . In  pari  <ak  /j  - 0 . since  at  this  point  gravity  alone  supplies  tbc  net  downward  force  tbit  rs 
required  fee  tb:  circular  motion. 

EVALUATE:  The  normal  force  at  A is  greater  wben  friction  is  absent  because  the  speed  of  the  shell  at^  is  greater 
when  friction  is  absent  than  when  tb^c  is  rolling  without  slipping. 

IDENTIFY  : Consider  the  direction  of  the  net  force  and  tb:  sense  of  the  net  torque  in  each  case. 

SET  Up:  Tbc  free  body  diagram  in  each  ease  is  shown  in  Figure  10.71. 

EXECUTE:  In  tb:  first  ease.  /•’  and  tbc  friction  force  act  in  opposite  directions,  and  the  friction  force  causes  a 
larger  torque  to  tend  to  rotate  the  yo-yo  to  the  right.  The  net  force  to  tbc  right  is  tbc  datVcrence  F - /,  so  the  M 
force  is  to  the  right  w hile  tbc  net  torque  causes  a clockwise  rotation.  For  tbc  sccceid  case,  both  the  torque  and  the 
friction  force  tend  to  turn  the  yo-yo  clockwise,  and  tbc  >o-yo  moves  to  the  right.  In  tb:  third  case,  fnction  tends  to 
move  the  yo-yo  to  the  nght.  and  since  the  applied  force  is  vertical,  the  yo-yo  moves  to  tbc  right. 

Evaluate:  In  the  first  case  the  torque  due  to  friction  musi  he  larger  than  tb:  torque  du:  to  /*.  so  the  net  torque  is 
clockwise.  In  the  third  case  the  tixuu:  due  to  F must  be  larucr  than  the  tocuu:  due  to  K so  tb:  rxt  torque  will  be  clockwise 


Figure  10.71 


I DEN  I1FY:  Apply  ) F'  - ma  t to  the  motion  of  the  center  of  mass  and  to  tb:  rotation  about  the 

center  of  mass. 

SKI  Up:  For  a hoop.  / = MR1 . For  a solid  disk.  / =±MR: . 

Execute:  (u)  Because  there  is  no  vertical  motion,  the  tension  is  just  the  weight  of  the  hoop: 
r = Mg  —(0.1 80  kg)(9.8  N/kg ) - 1 .76  N . 

<l»  Uw  r - la  to  find  a The  lorqoc  is  RT.  ti>  a - RTrl  - RTfMR1  - T!  MR  - Mg  /MR.  «) 
a - gR  - <9.8  mV)/(0.l)S  ml  - 122.5  rad  *’ . 

<c)  a - Ra  - 9.8  m/si 

(d)  T would  be  unchanged  because  the  mass  A/  is  the  same,  a and  a would  be  tw>ec  as  great  because  / is  now  4 MR'- 
EVALUATE:  for  a point  on  the  rim  of  the  hoop  or  desk  equals  j for  the  free  end  of  the  string.  Since  / is 

smaller  for  the  disk,  the  sanx  value  of  T produces  a greater  angular  accclcruticei. 
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Identity:  Apply  ^ r.  - /«.  to  the  cylinder  or  boop.  Find  a for  tbc  free  end  of  the  cubic  and  apply  constant 
acceleration  equations. 

SET  UP:  <JUt  for  a point  on  tbc  rim  equals  a for  the  free  end  of  the  cable,  and  uUt  - Ra  . 

EXECUTE:  (ulVr  - la  and  <i  - Ra  goes  FR  - 1.1  IR'a  -LmR: | j . a - — - ■ J'">  \ - 50  nVs* . 

J “•  * 2 2 \ R J - .1/  4. XI  kg 

Dixtanre  the  cable  n loves  x - xv  = v,  .f  -f  laj1  gives  50  m - 1(50  m.'*J  )r  and  l = 1.41  s . 

v4  = v0l  + aj  - 0 -t  ( 50  m V )( 1 .4 1 s)  = 70.5  m/%  . 

(b)  For  a boop.  / - MR' . which  is  twice  as  large  ax  before,  so  a and  would  be  half  as  large.  There  feev  tb:  time 
would  be  longer  by  a factor  of  V2  . For  tb:  speed,  vj  = >*t  ♦ 2 atx.  in  w hich  x is  the  same,  xo  >\  would  be  half  as 
large  since  at  rs  smaller. 

EVALUATE:  The  acceleration  a that  is  produced  depends  on  the  maxs  of  tb:  object  but  rs  independent  of  its 
radius.  But  a ifcpcnds  on  bow  tbc  miss  is  distnbuted  and  is  ditVerent  fee  a hoop  versus  a cylinder. 

IDENTIFY:  Use  projectile  motion  to  find  the  speed  v tb:  marble  needs  at  the  edge  of  tbc  pit  to  make  it  to  the  level 
ground  on  tbc  other  sid:.  Apply  cceiscn  ation  of  eivrgy  to  the  motion  down  the  hill  in  order  to  relate  the  initial 
height  to  the  speed  vat  the  edge  of  the  pit.  = 0 so  conservation  of  energy  gives  A.  +L\  - K{  +U( . 

SET  UP:  In  the  projectile  motion  the  marble  must  travel  36  m horizontally  while  falling  vertically  20  m Let  *f y 
be  downward  For  the  motion  down  the  hill,  let  y(  =>  0 so  L\  =0  and  ym  =/i  . Kt  - 0.  Rolling  without  slipping 
means  v - Rea . A'  = + lmv:  = = ^mr* . 

Execute:  (u)  Projectile  motion:  v0  - 0 . a - 9.80  m'V . y - >;,  ■ 20  m v-vv  - »*,.*  + gives 


f-  111  - 2.02  s . Then  i-raiy  gives  v = %*  - 1—1  — - 1 7.H  m x . 

i,  t 2.02  s 

Motion  down  the  hill:  U - . ms?/i  - 2-mv* . /i — — — _Llll 22.6  in  . 

lOg  10(9.80  nvV) 

(b)  ?/«*  . independent  of  R.  / is  proportional  to  R * hut  ea‘  is  proportional  to  I/A*  fee  a given 

translational  speed  i. 

|c>  The  object  still  needs  i = 17.8  m s at  the  bottom  of  the  hill  in  order  to  clear  the  pit.  But  now  K - Itm  2 and 


h 16.6  m . 

28 

EVALUATE:  The  answer  to  part  (a  t also  docs  not  depmd  on  the  mass  of  the  marble.  But.  it  dies  depend  on  bow 
the  mass  is  distributed  within  the  object.  The  answer  would  be  different  if  the  object  were  a hollow'  spherical  shell 
In  part  ( e l less  height  is  needed  to  give  tbc  object  tb:  same  translational  speed  because  xn  (c)  non:  of  the  energy 
goes  into  rotational  motion. 

iDLYim : Apply  conservation  of  energy  to  tbc  motion  of  the  boulder. 

SET  UP:  K - -wr5  and  v = Rm  when  there  is  rolling  without  slipping.  / - jUiR' . 

EXECUTE:  Break  into  2 parts,  the  rough  and  smooth  sections. 

Rough:  mghx  - rmv'  . mgA*,  - — iv*  + — mA'  J|  — j . v'  - — . 


Smooth:  Rotational  kinetic  enemy  dees  not  change,  mgh 


1.,.  t Km -imv^.. * *«• 


v„  -%j-!Lgk  +2 ghi  - (i-(9.S0m'sJ)(2 5 m>+ 2(9.80  nv s*K25  m)  « 294) nVs 


EVALUATE:  If  all  the  hill  was  rough  enough  to  cause  rolling  w ithout  slipping,  rB  = J— g(50  m)  - 26.5  m s . A 

smaller  fraction  of  the  initial  gravitational  potential  energy  goes  into  translational  kiwlic  energy  of  the  center  of 
maxs  than  if  part  of  the  hall  is  smooth.  If  the  entire  hill  is  smooth  and  the  boulder  slides  without  slipping. 
vh  - ^2#i50  m)  —31.3  m’s  . In  this  ease  all  the  initial  gravitational  potential  ccxrgy  goes  into  the  kinetic  cixrgy  of 
the  translational  motion 


10.76. 


10.77. 


10.78. 
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IDEVTIFY : Apply  conservation  of  energy  Id  th:  motion  of  the  ball  at  it  rolls  up  the  hill  After  lb:  ball  leaves  the 
edge  of  the  cliff  it  moves  xn  projectile  motion  and  constant  acceleration  equations  can  h:  used. 

(a)  SET  UP:  Use  conservation  of  ecergy  to  find  the  speed  v . of  the  ball  just  before  it  leases  the  top  of  the  cliff. 
Let  pixnt  I be  at  the  bottom  of  the  hill  and  point  2 be  at  the  top  of  the  hill.  Take  y - 0 at  the  Ixiltom  of  the  hall,  so 

>',  -0  and  Vj  * 28.0  m. 

Execute:  = b\  = Ki  + 

rfm,*  *■  T - mgy2  + 1 4/ to? 

Rolling  without  slipping  means  w-v/r  and  y/w1  -^(^wJ)(v/r)J  -±mv‘ 

-mgy^l/Nvl 
>}  - yjv*  - — gy\  - 15.26  in  s 

SET  L>:  Consider  the  projectile  nxitxm  of  the  ball,  from  just  after  it  leases  the  top  of  the  cliff  until  (ust  before  it 
lands.  Take  -tv  to  he  downward  Use  the  vertical  nxition  to  find  the  time  in  the  air: 


>;  - 0.  at  - 9.80  mx\  y - y#  - 28.0  m.  / - ? 

Execute:  y - y0  - \Vft  + 4<M3  gives  / = 2.39  s 
Punng  this  tinx  the  ball  travels  horizontally 
Y-*.  = v0ti  = (1 5.26  m/s K2.39  s)  = 36.5  m. 

Just  before  it  lands.  v - vi%  -f  a t = 23.4  m's  and  vt  - \\t  - 153  mf% 
v - -f  ij  - 28.0  m s 

<b)  Evaluate:  At  the  bottom  of  the  hill.  to  - vfr  - (25.0  m's)  fr.  flic  rotatxm  rate  doesn’t  change  while  the  ball 
is  in  the  air.  alter  it  leaves  the  top  of  the  cliff  so  just  before  it  lands  to  - (15.3  m's)/r.  The  total  kinetic  energy  is 
the  same  at  the  bottom  of  the  hill  and  just  before  it  lands,  but  just  before  it  lands  less  of  this  energy  is  rotatxinal 
kinetic  energy,  so  the  translational  kiixlic  energy  is  greater. 

I DEN  11TY:  Apply  conservatxm  of  energy  to  the  motion  of  the  wheel.  K - -wv‘  -t  i^Sto'  . 

SKT  Up:  No  slipping  means  that  to  - vfR.  Uniform  density  means  m.  - a2t R and  m%  - AR  . where  m,  is  the 
mass  of  the  rim  and  m.  is  the  mast  of  each  spoke.  Tor  th:  wlxel.  / - /...  -t  . For  each  spoke.  / - • 

Execute:  (a)  mgh  - iim-2 1 !/«’ . / - /...  •*  - mtR ‘ • 6|  i m.fl1 


Also,  it?  - in.  -t  in.  - 2xRA  + 6 R/.  - 2/?a(.t  -f  3) . Substituting  into  the  conscrvaticm  of  energy  equation  gives 

2/^jr+3)s*-l(2/U)(.r+3)(/te)a+l  I.tRaR'  + 6|  I***1  Jj»\ 


|jf3)S*  |l(r^3)(9.K<l  m/i'|(5S0  m| 

-t-2.1  "V  (0.210  mni.2) 


- 124  rad/s  and  v-Rto-  26.0  m/s 


(If)  Doubling  the  density  would  have  na  effect  because  it  docs  not  apprar  in  the  answer,  to  is  inversely  pcopcelional 
to  R «)  doubling  the  diaircter  would  double  the  radius  which  would  reduce  w by  hilt’,  but  v - Rto  would  be 


unchanged. 

EVALUATE:  Changing  th:  misses  of  the  nm  and  spokes  by  different  amounts  would  alter  the  speed  v at  the 
bottom  of  the  hill. 

I DEV  iih : Apply  v - Rto . 

SET  Up:  For  the  untxjue  bike,  v is  the  same  for  points  on  the  rim  of  each  wheel  and  cquils  the  linear  speed  of  the 
bike.  I rev  — 2t  rad  . 

Execute:  (u)  The  front  wheel  is  turning  at  to  = I AX)  rev/*  - 2.T  rad/s.  »•  - rto  - (0.330  mH 2r  rad/s)  - 2.07  s . 
(h)  to  = v/r  = (2.07  m/s), (0.655  m)-3.!6  rad/s -0.503  rev/s 
(c)  to  — v/y  — (2.07  m/s )/(0.220  m ) - 94 1 rad/s  =130  rev/ i 


Evaluate:  Since  the  fnxit  wheel  has  a larger  radius  for  the  antique  bike,  that  wheel  doesn't  have  to  rotate  at  as 
many  rev's  to  achieve  the  same  liixar  speed  of  the  bike. 
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IDENTIFY:  Apply  conservation  of  energy  to  th:  motion  of  the  ball.  Oicc  the  Kill  leaves  the  track  th:  hall  mwe* 
in  projectile  motion. 

SKI  Lip:  The  hall  has  / ; the  silver  dollar  has  / - j/uR* . For  the  projcctik:  mntion  take  +r  downward, 

so  a =0  and  a — +g  . 

EXECUTE;  (u)  The  kinetic  energy  of  the  ball  when  it  leaves  the  track  (when  it  is  still  rolling  without  slipping)  is 
(7/lOlwv*  and  this  must  he  the  work  done  by  gravity,  W - mgh . so  v - JlOyhp.  The  hall  is  in  the  air  for  a time 
t - J2yfg.  so  X ^ vt  ^ jim  p. 

(b)  The  answer  dixs  nat  depend  on  ym . so  the  result  should  he  the  same  on  the  moon. 

(c)  The  preseixe  of  rolling  friction  would  decrease  the  distance. 

(e)  For  the  dollar  coin,  modeled  as  a uniform  disc,  K — <3/4)jjiv'.  and  so  x - yfahvf 3. 

Evaluate:  The  sphere  travels  a little  farther  hon/ontally.  because  its  moment  of  inertia  is  a smaller  fraction  of 
.UR1  than  for  the  didt.  The  result  is  indcpcn&nt  of  the  mass  and  radius  of  the  c&Jcct  but  it  docs  depend  on  how 
that  mass  is  distributed  within  tK:  object. 

IDENTIFY  and  SET  L*P:  Apply  conservation  of  energy  to  the  motion  of  the  Kill.  The  hall  ends  up  with  both 
translational  and  rotational  kinetic  energy,  l.’sc  F»g.(  10. 13)  in  the  textbook  »o  relate  the  speed  of  different  points  on 
the  ball  to  vu%. 

Execute:  (u)  Um  - 4 tx3  ^ ^(400  N m)(0. 1 5 m)1  = 4.50  J and  AT,  ^ 0.8006’4l  ^ 3.60  J 
A'  - , t*/^  rolling  withaut  slipping  say's  to  - *u# : R 

rhu‘  K - 


10(3.60  J) 

7m  V 7{0.0S90  kgt 
(bl  Consider  Figure  10.80a. 


- 9.34  ml 


from  Fig  ( 10  13)  in  the  textbook, 
it  the  top  of  the  hull 


2v 


7 ms 


figure  10.80a 


(c) 


from  Fig  ( 10. 13)  in  the  textbook, 

v - 0 at  tK:  bottom  of  the  ball. 


Figure  10.80b 

Id)  The  problem  says  that  (A  - 0.900A',  - 3.24  J.  Thus  U2  = myji  - 3.24  J and 

324  J 3.24  J 


mg  (0.0590  kg  K 9.80  nvV ) 

Evaluate:  Not  all  tK:  potential  energy  stored  in  the  spring  goes  into  kinetic  energy  at  the  base  of  the  ramp  or 
into  gravitational  potential  energy  at  the  top  of  the  ramp  because  of  loss  of  mechanical  energy  due  to  negative 
work  done  by  friction.  If  the  ball  slides  without  rolling,  then  A'  - rmv*,.  and  v B - 1 1.0  m s.  is  less  than  this 
when  the  boll  rolls  ami  some  of  its  total  kinetic  energy  is  rotational. 

IDENTIFY:  vt  -dxSdt . v,  - dy'dt  . ak  -dv\>dt . a%  -d\\  :dt . 

SET  Up:  d cos(/a* » di  - -«an(fir) . d »n<  a*  ) d - n>cos ) . 

EXECUTE:  (u)  The  sketch  is  shown  in  Figure  10.81. 

(b)  R is  the  radius  of  the  whxl  (y  varies  from  0 to  2R)  and  T is  tK:  period  of  the  wheel’s  rotation. 


|c)  Dilferentiatinir.  v 
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10.82. 


10.83. 


10.84. 


(d)  V4  - v,  - 0 when 


2.r  or  any  multiple  of  2r,  so  the  time*  arc  integer  multiple*  of  the  period  T.  The 


acceleration  components  at  these  time*  are  at  - 0 . tf,  - 


(e>  * , = \ll\  *Jco  v ; ifL  j + »n:(  III 


: t- 

7 


4,7*’ 


. independent  of  time.  This  is  tbc  magnitude  of  the 


radial  acceleration  for  a point  mov ing  on  a circle  of  radiu*  R with  constant  angular  vclixily  2.r/7* . For  motion  that 
consists  of  thr*  circular  motion  superimposed  on  motion  with  constant  velocity  (a  - 0 J.  the  acceleration  due  to  the 


circular  motion  will  be  the  total  acceleration. 

EVALUATE:  a is  independent  of  time,  hut  v docs  depend  on  time. 


IDENTIFY : Apply  the  work-energy  theorem  to  the  motion  of  th:  basketball  K - 7mv*  t ±Jm:  and  r - Rro . 

Set  UP:  For  a thin- walled,  hollow  sphere  / -4mR: . 

Execute:  For  rolling  without  slipping,  the  kinetic  energy  k ( 1/2 \\  m + SfR*  )v*'  - (5/6)/ar*;  initially,  this  is 
32.0  J and  at  the  return  to  the  bottom  it  k S.O  J.  Friction  has  done  -24  .0  J of  work,  -12.0  J each  going  up  and 
down.  The  potential  energy  at  the  highest  point  was  20.0  J,  so  the  height  above  tbc  ground  w as 

1M1 -340  m. 

(0.600 kg )(9.80  m/s*) 

EVALUATE:  All  of  the  kiwlic  energy  of  the  baskcthall.  translational  and  rotational,  has  been  removed  at  the  point 
where  the  baskcilxill  i*  at  its  maximum  height  up  th:  ramp. 

Identify:  Use  conservation  of  energy  to  relate  the  speed  of  the  block  to  the  distance  it  has  &sccnd:d.  Then  use 
a constant  acceleration  equation  to  relate  these  quantities  to  th:  acceleration. 
s»:r  UP:  For  the  cylinder.  / - jA f(2R}2 . and  for  the  pulley.  / - jMR: . 

Execute:  Doing  this  problem  using  kinematics  involves  four  unknowns  isix.  counting  the  two  angular 
accelerations},  while  using  energy  consi&rations  simplifies  the  calcuLitions  greatly.  If  the  block  and  the  cylinder 
both  have  speed  r,  the  pulley  has  angular  velocity  w'R  and  th:  cylinder  has  angular  velocity  >V2/?,  the  total  kinetic 
energy  is 

A'  .![»■♦  ffliw  . i !f„W  . uf  ] 

This  kinetic  energy  must  be  the  work  done  by  gravity;  if  the  lung  mg  mass  descends  a distance^,  K - Mg)\  or 
V*  s{2fl}gy.  For  constant  accclcraticei.  v"  - 2qr.  and  compinson  of  the  two  expressions  gives  a - gj 3. 
EVALUATE:  If  the  pulley  were  massless  and  the  cylinder  slxl  without  rolling.  Mg  - 2 Ata  and  a - g/2  . The 
rotation  of  tbc  objects  reduces  the  acceleration  of  the  block. 

IDENTIFY:  Apply  ^ r - !<i  to  the  drawbridge  and  calculate  . For  part  (c)  use  conservation  of  energy. 

SET  Up:  The  tree-body  diagram  for  the  drawbridge  is  given  in  Fig.  10.84.  For  an  axis  at  the  lower  end.  / - im/* . 
EXECUTE:  (u)  Yr  -Iam  gives  mg(4.00  mXco*60.0&)-im/:«  and  a - ,'1  * >-llu‘ ■ 0.919  rads*. 

(8.00  ml 

<l>)  <t \ depends  on  the  angle  the  bridge  makes  with  the  horizontal.  a . is  not  constant  during  the  motion  and 


-f  at  cannot  be  used 

(c)  Use  conservation  of  energy.  Take  v - 0 at  the  lower  end  of  the  drawbridge,  so  y,  - 1 4.00  mHsin60.0c')aiul 


0 . K(  +L\  - AT,  + L\  -f  gives  Ut  - A', , mgy,  - y/W1 . tng\.  - i-fijii/*  )nt*  and 
^ ^6<9.80  m .s*  X4.00  mH*in60.0o| 


78  rads . 


S.QQ  m 
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10.85. 


10.8*. 


10.87. 


given  by 


EVALUATE:  If  we  incorrectly  assume  that  am  is  constant  and  has  th:  value  calculated  in  pirt  (al.  then 

to‘  - ry,*  r 2a t {0—  Ob)  gives  to  - 1 39  rad's  . The  angular  acceleration  in:  reuses  as  the  bodge  rotates  and  the  actual 

angular  velocity  is  Larger  than  this. 


Figure  10.84 


IDENTIFY:  Apply  conservation  of  energy  to  the  motion  of  the  first  hall  before  the  collision  and  to  the  motion  of 
the  second  ball  after  the  collision.  Apply  conservation  of  angular  momentum  to  the  collision  between  the  first  hull 
and  the  bar. 

SET  Up:  The  speed  of  the  hall  just  before  it  hits  the  tur  is  v = - 1 5.34  m s.  Use  conservation  of  angular 

monxntum  to  find  the  angular  velocity  to  of  the  bar  just  after  the  collision.  Take  the  axis  at  the  center  of  the  bar. 
Execute:  £,  - «i>r  = (5.00  kg*  15.34  ms)(2.00  m)  - 153.4  kg  m: 

Immediately  after  the  collision  the  bar  and  both  balls  arc  rotating  together. 

/„  - i«/!  * 2 mr1  - -4S.OI  kgH4.00  m);  * 2(5.00  kgK’.OO  m)'  - 50.67  kg  m' 

L,-L,  =153.4  kg  m1 
w-X..,1/,.  = 3.027  rad's 

lust  after  the  collision  the  second  ball  has  Imear  speed  i - reo  - (2.CXI  m)(3.027  rad  sf  - 6.055  m s and  is  moving 
upward.  tm\’  - mgy  gives  y - 1.S7  m f»>r  the  height  the  second  hall  goes. 

EVALUATE:  .Mechanical  energy  is  lost  in  th:  inelastic  collision  and  some  of  the  final  energy  is  in  the  rotation  of  the  bar 
with  th:  first  Kill  stuck  to  if.  As  a result,  the  xeccnd  Kill  dacs  not  rca:h  th:  height  from  wharh  tie  first  ball  was  dropjvd. 
iDEMlfrY:  The  rings  and  the  rod  exert  forces  on  each  other.  but  there  is  no  tKi  force  or  tongue  ixi  the  system,  and 
so  the  angular  momentum  will  be  constant. 

SET  UP:  Tor  the  rod.  / - iA/t . For  c>:h  ring.  / - mr3 . where  r is  their  distance  from  the  axis. 

EXECUTE:  (u)  As  th:  rings  slide  toward  the  ends,  the  moment  of  inertia  changes,  and  the  final  angular  velocity  is 

xlO^kgm’  £0  .... 

sons  -7.5  rev  • min. 

2.00  x 10  kg  - m*  4 

(b)  The  forces  and  torques  that  the  rings  and  the  rod  exert  on  each  other  will  vanish,  hut  the  common  angular 
velocity  will  be  the  same,  7.5  rev.1  min. 

EVALUATE:  Note  that  conversion  from  rev  min  to  rad's  was  not  necessary.  The  angular  vclnrity  of  the  rod 
decreases  as  the  nngs  move  away  from  the  rotation  axis. 

I DEN  flPY : Apply  conservation  of  angular  momentum  to  the  collision.  Linear  momentum  is  not  conserves! 
because  of  the  force  applied  to  the  rod  at  the  axis.  But  since  this  external  force  acts  at  the  axis,  it  pnxluces  no 
torque  and  angular  momentum  k ccmscrvcd. 

SET  UP:  The  system  before  and  after  the  collision  is  sketched  in  Figure  10.87. 

EXECUTE:  (u> 

Extent:  - m,\Y 2) 

U to 


. idf  iih  imp  iHVA  tundiuuik  u. 

I f » 2mr‘  1 5. 


before  alkr 

Figure  1 0.S7 
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Thus  I,  - L gives  ♦ 77*^4^  )» 

iv  = ^« 

(l»  A'  - imi  ' - ira^V1 

Then  Hi-  ■~r"l-‘  -.3:19. 

*,  r"W 

EVALUATE:  The  collision  is  inelastic  and  K,  < Kr 
10.8*.  IDEVIIFV:  Apply  1^.(1029). 

Si:r  L’P:  The  d«ir  his  J - ±ml3 . The  torque  applied  by  the  force  is  rF„  , where  r - 1/2 . 
Execute:  1 zt,  = rl:r  and  SL  = r/’^Ar  - The  angular  velocity  a?  is  then 


Al  . rF*£*  _ 3 FA/ 


2 ntf 


. where  / is  the  width  of  the  door.  Substitution  of  the  given  numeral 


values  gives  at  - 0.5 1 4 rad/v 

Evaluate:  The  final  angular  velocity  of  the  door  is  proportional  to  both  the  magnitude  of  the  average  force  and 
also  to  the  time  it  acts. 

10.89.  (a)  IDENTIFY:  Apply  conservation  of  angular  momrntum  to  th:  collision  between  the  bullet  and  the  board: 

SET  L’P:  The  system  before  aixl  after  the  collision  is  sketched  in  Figure  10.89a. 

0,125  ro 


Figure  10.89a 


Execute:  Z,  - L 

Lx  -mir*in^-mW = (1.90x10  ' kg |< 360 ms  1(0.1 25  ml  = 0.085 5 kg  m'.'s 


A = ±(0.750  kgX0.250  m>:  «•  ( 1 .90  * 10  ‘ kg*0.  1 25  m)1  - 0.0 1 565  kg  m; 

Then  L,*L,  g.ve*  ,to  -A,  ^ 5.46  rad, 

/,  0. 1565  kg- m 

(b>  IDEMIFY : Apply  conservation  of  energy  to  the  motion  of  the  board  after  the  collision. 

SET  L!P:  The  pewition  of  the  board  at  points  1 and  2 m its  motion  is  shown  in  Figure  10.89b.  Take  the  origin  of 
coordinates  at  the  center  of  the  board  and  -ft  to  be  upward,  so  v*  , = 0 and  v s = A.  the  heieht  beinc  asked  for. 


Fq>nrr  10.89b 


EXICLrn::  Only  gravity  doe,  week,  hi  » - 0. 

AT, 

v>  - = "v:* 


IM2  < hjpicr  10 


Thas  ±lto  - »tgh. 

k _ lot  (0.01 565  kg  m*'  K5.46  rail's)* 

2(0.750  kg  - l.X- 10  ' kg*9.80  m V ) 

(c)  iDEVnn  And  SET  UP:  Th:  position  at*  the  hoard  at  points  I and  2 in  it*  motion  is  shown 


-0.0317  m-  3.1 7 cm 


Injure  10.80c 


10.90. 


10.91. 


r U2SU  III 

sm2 


Apply  conservation  of  energy  as  in  part  (by, 
except  now  we  want  , - h - 0.250  in. 
Solve  for  the  to  after  the  collision  that  is 
required  far  this  to  happen. 


Figure  10.89c 

EXECUTE:  t = inyft 


1 2 wyh  12(0.750  kg  r 19()x  10  ' kgM9.S0  m.V  KO  250  ml 
"“V  / 0.01565  kgm* 

to  a 15.34  rad  s 

Ninv  go  back  to  the  equation  that  results  from  applying  conservation  of  angular  momentum  to  the  collixicei  and 
solve  for  the  initial  speed  of  tlx  bullet.  /.  - L implies  - / io. 


/.ftS 


(0.01565  kg  m‘KlS.34^, 


m.J  <1.90x10  ' kgXO.125  ml 
Evaluate:  We  have  divided  the  motion  into  two  separate  events:  the  collision  and  the  motion  after  the 
collision.  Angular  momentum  is  conserved  in  the  collision  because  the  collixicoi  happens  quickly.  The  board 
doesn't  move  much  until  after  the  collision  is  over,  so  there  is  no  gravity  torque  about  the  axis.  The  collixicei  is 
inelastic  and  mechanical  energy  is  lost  in  the  collision.  Angular  momentum  of  the  system  is  not  conserved  during 
this  motKin.  due  to  the  external  grav  ity  torque.  Our  answer  to  puts  <bl  and  (c)  say  that  a bullet  speed  of  360  m»  s 
causes  the  heard  to  swing  up  only  a little  and  a speed  of  1010  m s causes  it  to  swing  all  th:  way  over. 

IDENTIFY:  Angular  momentum  is  conserved,  so  // \\  - /3toi  . 

Set  Up:  For  constant  mass  the  moment  of  inertia  is  proportional  to  the  Kjuire  of  the  radius. 

Execute:  R;a\  - RUj3 . or  - ( Rx . -t  Art )* (to,  r Aai)-  R,A\  -t  2 Rs\Rto,  + R$ Aal  where  the  terms  in 

ARA<o  and  (AorV  have  been  omitted.  Canceling  the  /?t‘ru  term  gives 


2 


- -i.i  cm 


EVALUATE:  a/?  > R,  and  Aoi/a^  are  each  very  small  so  the  neglect  of  terms  containing  A/?Aw  or  (An>)'  is  an 

accurate  simplifying  approximation. 

Identify:  Apply  conservation  of  angular  momentum  to  the  collision  between  the  bird  and  the  bur  and  apply 
conservation  of  energy  to  the  motion  of  the  bar  after  the  collision. 

SET  UP:  For  conservation  of  angular  momentum  take  the  axis  at  the  hinge.  For  this  axis  the  initial  angular 
monxntumof  the  bird  is  J0.5X  m)r . where  o\mi  - 0.500  kg  and  » — 2.25  ms  . For  this  axis  the  moment  of 
inertia  is  / - -^(1.50  kgK0.750  m)3  - 0.2SI  kg  m*  . For  conservation  of  energy,  the  gravitational 

potential  energy  of  the  bar  is  V - m^^gy^ . where  ym , is  the  height  of  the  center  of  the  bar.  Take  v^,  - 0 . so 
X*,— 0.375  m. 

Execute:  (u)  - L.  gives  1*1^(0.500  m|v  - |« . 

M -^,.,(0  500  ill)  50X1  kg <0.500  mHJJSmx.  Z00|ad|1 
ml:  (1.50  kgKO. 750  m>- 
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10.92. 


10.93. 


10.94. 


(b)  l\  + A'  - U3  -t  K:  applied  to  the  motion  of  the  bar  after  tlx  collision  give*  4/nf  - w^^(-0.375  m>  -t  . 

fa.  = -1*1^(0.375  m)  . <u.  ^ ^(2.00  raist3  + .q  ^ * —(1.50  kgM9.8Q  in  a*  X0.37S  m)  - 6.58  rad’s 

EVALUATE:  Mechanical  energy  is  not  conserved  in  the  collision.  The  kirxlic  energy  of  the  bar  just  after  the 
collision  t*  less  thin  the  kinetic  energy  of  the  bird  Just  before  the  collisicei. 

iDLVim  : Angular  momentum  is  conserved,  since  the  tension  in  tlx  string  is  in  the  radial  dirccticvi  arxl  therefore 
produces  no  torque.  Apply  V F - nia  to  the  block,  with  a - a (-c  - v3  (r . 

SET  UP:  The  block's  anguLir  momentum  with  respect  to  the  hole  is  L - mvr . 


EXECUTE:  The  tcnsxm  is  related  to  the  block’s  mass  and  speed,  and  the  radius  of  the  circle,  by  T - iw — . 

r 


V r 


. The  radius  at  which  the  strins  breaks  is 

mr  mr 


l : {mvr  f ((0.250  kg)(4.<»0  m/sH0.HO0  m)V 


if] 


10.250  kg  )(  30.0  N I 


from  which  r - 0.440  m. 


- 7 27  in  s . VVc  can 


Evaluate:  Just  before  the  tfring  breaks  the  speed  of  the  rock  is  (4.00  m s|| 

\ 0.440  in 

verify  that  v-  7.27  m s and  r - 0.440  m do  give  T - 30.0  N . 

iDEMlfrY  and  SET  UP:  Apply  conservation  of  angular  nximentum  to  the  system  consisting  of  the  disk  and  train. 
SET  Up:  L -L,  counterclockwise  positive.  The  motion  is  sketched  in  Figure  10.93. 


d.vkt 


^ - 0 (before  you  switch  on  the  train’s  engine; 
both  the  train  and  the  platform  are  at  rest) 


EXECUTE:  Tlie  train  it  i(0.t>5  m)  - 0.475  m from  ihc  axis  of  rotation,  to  for  it 
/,  = mR[  - (1 .20  kgKO.475  m)’  - 0.2708  kg  m1 
rom  - v, IR.  - (0  600  m'iVO.475  t - 1 .26J  null 

This  is  the  angular  velocity  of  the  train  relative  to  the  disk.  Relative  to  tlx  earth  tax  - +«j. 

Thus 

L.-L.  *a>*  = 

f-.„  where  I,  -yiijR; 

« , - - - 10  270S  kt’  ■ml>l.26?  ,adH  ^ 

tw,A  * 7.  700  kgX0.500  mf  -f  0 2708  kg  m* 

EVALUATE:  The  minus  sign  tells  us  that  the  disk  is  rotating  elockw  ise  relative  to  the  earth.  The  disk  arxl  train 
rotate  in  opposite  directions,  since  the  total  angular  momentum  of  the  system  must  remiin  zero.  Note  that  we 
applied  - L>  in  an  inertial  franx  attached  to  the  earth. 

iDEMIPY:  / fee  the  wlxcl  is  the  sum  of  tlx  values  of  / for  each  of  its  parts,  the  rim  and  each  spcikc.  Tlx  total 
length  of  wire  is  constant.  The  motion  is  related  to  the  friction  torque  by  - la  . 

SET  UP:  4/?  + 2ri?  - where  R is  the  radius  of  the  wheel  and  therefore  the  length  of  each  of  the  four  spokes 

Tlx  mass  of  a piece  is  proportional  to  the  length  of  that  piece. 

EXICITE:  (a)  R = j-r-  I ...  ^ -t.*'  - j U0. 

- Af,AVr^4).  - (5.778 xl0  ').W„/;  . - Im^R1 . nnd 

^ _ .7  - (?.06S  x 10  •)MJ*  4/._,  (7.(10 -10  l.W^. 
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10.95. 


10.96. 


10.97. 


I0.9K. 


(b>  fa  - av,  t at  gives  aA  - . Then  - la  gives  r,  - (7.00x  10  * y- 

EVALUATE:  If  the  wire  were  bent  into  a circle,  without  spoken  the  moment  of  inertia  would  be 

MJt1  - ■ — <9.46  x 1(1  )&§<£  . The  artual  value  of  / for  the  wheel  is  less  than  this  because  the  mass  in  the 

spokes  is  closer  to  the  axis  thin  the  ran 

IDENTIFY  and  54: r UP:  Use  th:  methods  stipulated  in  the  problem. 

Execute:  (u)  The  initial  angular  momentum  with  respect  to  the  pivot  is  nwr.  and  the  final  total  moment  of 
inertia  is  / *•  wr*  * so  th:  final  angular  velocity  is  ta  = mvrj^mr*  *f  / ). 

(b)  The  kinetic  energy  after  the  collisicvi  is  converted  to  gravitational  potential  energy,  so 


t / 


(c)  Substitution  of  / - Mr1  into  the  result  of  part  (a  t gi 


vex  0}  - 


and  into  th:  result  of  part  (b). 


fa  - yjlgh  ( 1/r).  which  arc  consilient  with  the  forms  for  v. 

EVALUATE:  / - Mr*  applies  approximately  when  the  pendulum  consists  of  a heavy  catcher  mounted  on  a light 

arm.  In  the  actual  apparatus  some  of  the  mass  is  distributed  closer  to  the  axis  and  / < Mr* . 

I DEM  in : Apply  conservation  of  momentum  k>  the  system  of  the  runner  and  turntable 
SET  Up:  Let  the  positive  sense  of  rotation  be  the  direction  the  turntable  is  rotating  initially. 

EXECUTE:  The  initial  angular  monxntum  is  !c\  -ui R\\ . with  the  minus  sign  indicating  that  runner’s  motion  is 
opposite  th:  motion  of  the  part  of  the  turntable  under  his  feet.  The  final  angular  momentum  is  ot(/  -f  in/?*  k *o 


f nij  - »( 

/ -t  mR‘ 


(SO  kg -in' MO-200  rad/*)- <55.0  tSH3O0  mK2.S  mj%)  _ _Q  m ^ 


(SO  kg  • m*  I + (S5.0  kgKJ.OO  mf 
EVALUATE:  The  minus  sign  indicates  that  the  turntable  has  reversed  its  direction  of  motion.  This  happened 
because  th:  min  had  the  larger  magnitude  of  angular  monxntum  initially. 

Identify:  Treat  the  moon  as  a point  mass,  so  L - Jta-  mr,»,  where  r is  the  distance  of  the  moon  from  the 
center  of  the  earth.  Conservation  of  angulir  monxntum  says  dL  dt  - 0 . 

SET  UP:  dr>dt  - 3.0  envy  - 3.0x  10  s my  . The  period  of  th:  moon’s  orbital  motion  is  27.3  d - 2.36x10*  s . 

r-3. 84x10*  m. 

d y dr  * dta  d m 2/j  dr 

Execute:  dL t dt  - — A mr&)  - mcoilr)—  E All  * — - 0 . so  — - 

di  dt  dt  dt  r dt 

2JT’*  - 2.66  - 10  ‘ rad',  nlV)i_4Jxl  0.u  „0tferyt„ 

T 236 x | O'  s dr  3.S4xl0* m 

da> . 

— is  negative,  so  the  angular  velocity  is  decreasing. 
dt 

EVALUATE:  L - mr*/a  . If  L is  constant,  then  ft/ decreases  when  r increases.  The  fractional  changes  in  r and 

a?  arc  very,  very  small. 

Idf  viify  : Follow  the  method  outlined  in  the  hint. 

Set  Up:  J = jmAv*, . XL  = J(x  - x^m ) . 

EXECUTE:  The  vekicity  of  the  center  of  miss  will  change  by  Avv.  - Jim  and  the  angular  vekicity  will  change  by 
A ta  — — The  change  is  velocity  of  the  end  of  the  bat  will  then  he  Av*  . - Av*  - Arux  - — — — 

Setting  Av*  - 0 allows  cancellation  ofd  and  uivcs  / - I.y-  x ).v  m.  which  when  solved  for  a*  is 


.r..,  <5-10-  10  m’l,  (0.600  m>,Q.7l0m. 

>..m  (0.000  mHO.KOO  kg) 

EVALUATE:  The  center  of  percussion  is  farther  from  th:  handle  than  the  center  of  mass. 


Dynamics  of  Rotational  Motion  10*35 


10.99. 


iDEMm  and  SET  t'P:  Follow  the  analysis  that  led  to  IU|.<  10.33). 

EXECUTE:  In  Figure  10.33a  in  the  tc.xtbook.  if  the  vector  r and  hence  the  vector  /.  are  not  horizontal  but  nuke 
in  angle  ft  with  the  horizontal,  the  torque  will  still  be  horizontal  { the  torque  must  he  perpendicular  to  the  vertxal 
weight).  The  magnitude  of  the  torque  will  be  <urcos//  . and  this  torque  will  change  the  direction  of  the  horizontal 
component  of  the  angular  momentum,  which  has  magnitude  L cos  ft  . Thus,  the  situation  of  Figure  10.35  in  the 
texthewk  is  reproduced,  but  with  l instead  of  L . Then,  the  expression  found  in  I:q.  (10.33)  bcconxs 

n ££  H_/KH  r <"?>•  tmfi  "t 

d J: 


L cos  ft 


by  the  same  factor,  cos  ft  . 


use  the  relation  denved  in  part  fa).  / 


Evaluate:  The  torque  and  the  horizontal  component  of  /.  Kith  depend  on 
10.100.  iDIAIItY : Apply  conservation  of  energy  to  tlx  motion  of  the  ball. 

SET  UP:  In  relating  yjnt'*s  and  . instead  of  - 
Execute:  (u)  Consider  the  sketch  in  Figure  10.100. 

Tlx  distance  from  the  center  of  the  ball  to  the  midpoint  of  the  line  joining  the  points  where  the  boll  is  in  contact 
with  tlx  rails  so  r ..  - to^R1  . When  d - 0.  this  reduces  to  - wR%  the  same  as  rolling 

on  a flat  surface.  When  d - 2 R*  the  rolling  radius  approaches  zero,  and  — > 0 for  any  a>. 

i 


(h)  K - -on1  f - lto‘  - 

2 2 2 


mi 


5 + 


iol 


Setting  this  equal  to  mg 7i  and  solving  foe  v;ft  gives  the  desired  result. 

(c)  The  denominator  m the  square  root  m the  expression  for  vm  is  larger  than  for  the  ease  d - 0,  so  r ^ is  smaller. 
For  a given  speed,  to  is  larger  than  in  the  d - 0 caw.  so  a larger  fraction  of  the  kinetic  eixrgy  is  rotational,  and  the 
translational  kinetic  energy,  and  hence  . is  snuller. 

(d)  Setting  the  expression  in  part  lb)  equal  to  0.95  of  that  of  the  if  - 0 case  and  solving  for  the  ratio  djR  gives 
d!R  - 1.05.  Setting  tlx  ratio  equal  toO.995  gives  dlR  -0.37. 


Evaluate:  If  we  set  d -0  in  the  expression  in  part  <b).  - 

ramp.  When  d -*  2R . the  expression  gives  v - 0 . as  it  should. 


Off* 


. the  same  as  for  a sphere  rollimr  down 


Figure  10.100 

10.101.  IDEVIIFY:  Apply  YAi  - m«.t  and  £r  to  tlx  motion  of  the  cylinder.  line  constant  acceleration  equations 

to  relate  iz,  to  tlx  distance  the  object  travels.  Use  tlx  week -energy  theorem  to  find  tlx  week  dnne  by  friction. 

SET  UP:  The  cylinder  has  / <#  = IMR:  . 

Execute:  (u)  The  fine-body  diagram  is  sketched  in  Figure  10.101.  The  friction  fence  is 

f - a ji  - uA/?.  so  a - u v.  The  magnitude  of  the  anuular  acceleration  is  . 

/ 1 1;  2)  A/a  R 

(b)  Setting  v - at  - e>R  = (al  - c*\R  and  solving  for  f gives  r •-  — — — — — — , 

a + Ra  ag  + 2i\g  3a  g 


It> -36  Chapter  10 


(c)Thc  final  kinetic  ccxTgy  is  1 3/4 1 A/v ' so  the  change  in  kinetic  energy  it 


“I  V.fi 


i.l«W  - -i Mil  V . 


1 MRr>  2 

Evaluate:  The  fraction  of  the  imtial  kin:  tic  energy  that  u removed  by  friction  week  it  ■ - — This 

fraction  it  mdrpcndcnt  of  the  initial  angular  speed  . 


10. 102.  IDENTIFY:  Die  vertical  forces  must  turn  to  zero.  Apply  liq.l  10.33). 

SET  UP:  Denote  the  upward  force*  that  the  hands  exist  as  F.  and  FA.  z - I 'Fi  - Fg)r . where  r - 0200  m . 

Jo 

Execute:  Hie  conditions  that  Fk  and  F,  must  satisfy  are  Ft  + Fk  - u and  FX-FA  - Q — , where  th:  second 

r 

equation  k r - fl£.  divided  by  r.  These  two  equations  can  h:  solved  for  th:  fccccs  by  first  adding  and  thm  subtrarting 
yielding  F.  - i|  >v+  f2—  | and  Ft  - i(  >»  - O—  |.  Using  the  values  w - mg  - 1 8.00  kgX9.80  m/x* ) - 7K.4  N and 

Jo  18.00  kgXO.325  m)J(5.00  icv/sx lx  rad/rev)  . 

r " (0.200  m)  ~ g m/s  gives 

Fk  = 39.2  N ♦ C2(66.4  N s).  ^ 39.2  N -0(66.4  N s). 

(a)  n^0,F.  =/;  = 39.2N  . 

(b)  Q - 0.05  rev/s  ^ 0.3 14  rad/s.  A\  ^ 60.0  N.  /;  =.  1 8.4  N. 

(c)  Q - 0.3  rev/s  - 1.89  rad/x.  fA  -165  N,  - -S6.2  N . with  th:  minus  sign  indicating  a downward  force. 

39.2  N 


M F.^0  give*  il- 


D.575  rid/x.  which  is  0.0916  rev/s. 


66.4  N s 

Evaluate:  The  Larger  the  precession  rate  O . the  greater  the  torque  on  the  wheel  and  the  greater  the  difference 
between  the  fccccs  exerted  by  the  two  hands. 

10.103.  IDENTIFY:  The  answer  to  part  (at  can  he  taken  from  the  solutxm  to  Problem  10.92.  The  work-craggy  theorem 
say*  W - A K . 

SET  UP:  Problem  10.92  uses  conservation  of  angular  momentum  to  show  that  ry{  - j;v\ . 

Execute:  (at  t -jmvV/'*1- 

(b)  T and  dr  are  always  amipirallel.  T dr  - -TJr  . 

(c)  Vs  - *Mfri ).  *>  AXT  - -1/wfvi  - ) - ^-[(i;  frsY  - I j . which  is  the  same  as  the  work  found  in  part  (b). 

EVALUATE:  The  work  dime  by  T rs  positive,  since  T is  toward  the  hole  in  the  surface  and  the  block  moves 
toward  the  bole.  Positive  work  means  the  kinetic  energy  of  the  object  iixreascs. 
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i)  29S  m . The  fulcrum 


IDENTIFY:  Use  liq.l  1 1 .3  > to  calculate  x\tt . The  center  of  gravity  of  the  har  is  at  its  center  and  it  can  be  treated  a* 
a point  mass  at  that  point. 

si:r  UP:  Use  coordinate*  with  the  origin  at  the  left  end  of  the  bar  and  the  *fx  axes  along  the  bar  m - 2 .40  kg. 
1-10  kg.  iii;  - 2.20  kg. 

K\»:<  I IT:  ■■  - ■'  - I2-40  t»W-2i0  m> ,2  -°  t«l(as”  - 0.29X  n, . The  Men- 

in,  * /w:.  + w,  2.40  kg  -t  1.10  kg  + 2.20  kg 

should  be  placed  29.8  cm  to  the  right  of  the  left-hand  end. 

Evaluate:  The  mass  at  the  right-hand  end  i*  greater  than  the  mas*  at  the  left-hand  end.  So  the  center  of  gravity 
i*  to  the  right  of  the  center  of  the  bar. 

IDENTIFY:  Use  Eq.i  1 1 .3)  to  calculate  xm  of  the  composite  object. 

SET  L’P:  Use  coordinate*  where  the  origin  is  at  the  original  center  of  gravity  of  the  object  and  ~.v  i*  to  the  right. 
With  the  1 .50  g mas*  added.  x.Bt  = -2.20  cm  . m,  - 5.00  g and  im  - 1 .50  g . x,  - 0 . 

Execute:  = ,,  _ 5,10 * ♦ ' 50 * I, -2.20 cm,. -9.53 «- . 

«i+»2  ‘ V / t 150  s ; 

The  addilxmal  mass  should  be  attached  9.53  cm  to  the  left  of  the  original  center  of  grav  ity. 

Evaluate:  The  KW  center  of  gravity  is  somewhere  between  the  addrd  mass  and  the  original  center  of  gravity- 
IDENTIFY:  The  center  of  gravity  of  the  combined  object  must  be  at  the  fulcrum  Use  l:q.(  1 1 .3)  to  calculate  x#„ 
SEE  Up:  The  center  of  gravity  of  the  sand  i*  at  the  middle  of  the  box.  Use  coordinates  w ith  the  origin  at  the 
fulcrum  and  -tx  to  the  right.  Let  m.  - 25.0  ku  . *o  x,  - 0500  m . Let  i%  - m_. . so  xx  - -0.625  m . x - 0 . 


Execute: 


-2.20  cm)  - -9.53  on  . 


K\E(  ITU 


— - 0 and  m:  - -(25.0  kg  l 


0.500  m 
-0.625  t; 


- 20.0  kg 


Evaluate:  The  mass  of  sand  required  i*  less  than  the  maw  of  the  plank  since  the  center  of  the  box  is  farther 
from  the  fulcrum  than  the  center  of  gravity  of  the  plank  is. 

IDENTIFY : Apply  the  first  and  second  conditions  for  equilibrium  to  the  trap  door. 

SET  UP:  Tor  -0  take  the  axis  at  the  hinge.  Then  the  torque  due  to  the  applied  force  must  balance  the 
torque  due  to  the  weight  of  the  door. 

EXECUTE:  (u)  The  force  is  applied  at  the  center  of  gravity,  so  the  applied  force  must  have  the  same  magnitude  as 
the  weight  of  the  door,  or  300  N.  In  this  case  the  hinge  exerts  no  force. 

(bl  With  respect  to  the  hinges,  the  moment  arm  of  the  applied  force  is  twice  the  distance  to  the  center  of  mass,  so 
the  force  lias  half  the  magnitude  of  the  weight,  or  150  N . The  hinge*  supply  an  upward  force  of 
300  N- 150  N -150  N. 

EVALUATE:  Lc**  force  must  be  applied  when  it  i*  applied  farther  from  the  hinges. 

Identify:  Apply  £r  -0  to  the  ladder 

SET  Up:  Take  th:  axis  to  be  at  pixnt  A.  The  free- body  diagram  for  the  ladder  is  given  m figure  1 1 S.  The  torque 
clue  to  /*  must  balance  th:  torque  due  to  the  weight  of  the  ladder. 

EXECUTE:  F<S.O  m)sin40:  - (2*00  N Ml 0.0  mi.  so  F - 5.45  kN  . 


11.2  C hapter  1 1 


11.6. 


11.7. 


11.8. 


Evaluate:  The  force  required  is  greater  than  the  weight  of  the  kxliirr.  because  the  moment  arm  for  F is  less 
than  the  moment  ami  tor  w\ 


Figure  11.5 


iDKXnn : Apply  the  tirst  and  second  conditions  of  equilibrium  to  the  board. 

SET  Up:  The  free  body  diagram  for  the  board  is  given  in  Figure  1 1 .6.  Since  the  board  is  uniform  its  center  i 
gravity  is  1 .50  m from  each  end.  Apply  - 0.  with  -ty  upw  ard.  Apply  - 0 with  the  axis  at  the  end 
where  the  first  person  applies  a force  and  with  counterclockwise  torques  positive. 

Execute:  -0  gives  F.-m=0  and  -w-/;  -I60N-60\-I00\  . £r-0  gives 

F3 X -M<l.50  m)-0  and  x - — It  1.50  m)  = j 1 ''  N [(1 .50  m ) - 2.40  m The  other  pcrsixi  lifts  with  a force  of 

if*  I .100N 


100  N at  a point  2.40  m from  th:  end  where  the  other  person  lifts. 

EVALUATE:  By  considering  the  axis  at  the  center  of  gravity  we  can  see  that  a larger  force  rs  applies!  by  the 
person  who  pushes  closer  to  the  center  of  gravity. 


Figure  1 1.6 

iDEvnn:  Apply  JV  -Oand  £r  *0  to  the  board. 

SET  Up:  Let  +y  be  upward.  Let  v be  the  distance  of  the  center  of  gravity  of  the  motor  from  the  end  of  the  board 
where  the  400  N force  is  applied. 

EXECUTE:  l a)  If  the  heard  rs  taken  to  he  massless,  the  weight  of  the  motor  is  the  sum  of  the  applied  fences, 

10CO  N.  The  motor  is  a distance  U l^|  - 1 .20  m from  the  end  w here  the  400  N force  is  applied,  and  so 

is  O.SOO  m from  the  end  where  the  600  N force  is  applied 

<l>)  The  weight  of  the  motor  is  400  N * 600  N - 200  N - R00  N.  Applying  with  the  axis  at  the  end  of  the 

bixird  where  the  400  N arts  gives  (600  NX2.00  m)  = <200  N)(l.00  m)  + (800  N)r  and  x » 125  m . The  center  of 
gravity  of  the  motor  is  0.75  m from  th:  end  of  the  board  where  the  6t»  N force  is  applied. 

Evaluate:  The  motor  is  closest  to  the  end  of  the  hoard  where  the  larger  force  is  applied. 

IDLVIIH : Apply  the  first  and  second  conditions  of  equilibrium  to  the  shelf. 

SET  Up:  The  tree-body  diagram  for  the  shelf  is  given  in  Figure  1 1 K.  Take  the  Axis  at  the  left-hand  end  of  the 
shelf  and  let  counterclockwise  torqu:  he  positive.  The  center  of  gravity  of  the  uniform  shelf  is  at  its  center. 
EXECUTE:  (u)  £r  -Ogives  -vvt0.200 m)-w (0.300  m>+  7(0.400  m) - 0 . 

T (25.0  XH0.200m>f  <50.0  NM0.3fl0  ml 
0.400  m 

- Ogives  7J  -f  r - h;  - w = 0 and  T = 25.0  N . The  tension  m the  left 'hand  wire  is  25.0  N and  th:  tension  in 
the  right-hind  wire  is  50.0  N. 
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— 

EVALUATE:  Wc  can  verify  that  - 0 is  zero  for  any  axis,  for  example  for  an  axis  at  the  right-hand  end  of  tlx 
shelf. 


< 


X,  - 5)  0 N 

Figure  1 1.8 


1 1.9.  I DEMUX : Apply  the  conditions  for  equilibrium  to  the  bar.  Set  each  tcnsxm  equal  to  its  maximum  value. 

SET  LtP:  Let  cable  A be  at  tlie  left-hand  end  Take  tlx  axis  to  lx  at  the  left-hand  end  of  the  bar  and  v be  the 
distarxe  of  the  weight  m*  from  this  end.  The  free-hody  diagram  for  the  bar  is  given  in  Figure  1 1.9. 

EXECUTE:  iu>  £ Ff  = 0 gives  TA  + Tv-w- ml,  - 0 and 
M = T,  * Ta  - ^ 500.0  N + 400.0  N - 350.0  N - 550  N . 

<b)  - 0 gives  7^(1 .50 m)- mi- <0.750 m)  =0. 

..SMO-Q-U Q«"N>.  <4.X'0N.:IM,m,-l^.N„D.750m>  0.6 , 4 m . Ihc  weigh,  *,,uld  be  pllced 

550  N 6 

0.614  m from  the  left-hand  end  of  the  bar. 

Evaluate:  If  the  weight  is  moved  to  the  left.  Ta  exceeds  500.0  N and  if  it  is  moved  to  the  right  Tv  exceeds 
400.0  N. 


*W 

Figure  11.9 


11.10.  IDENTIFY:  Apply  the  first  and  second  conditions  for  equilibrium  to  tlx  ladder. 

SET  UP:  Let  n . be  the  upward  normal  force  exerted  by  the  ground  and  let  nx  he  tlx  horizontal  normal  force 
exerted  by  the  wall.  Tlx  maximum  possible  static  friction  force  that  can  be  exerted  by  the  ground  is  fi%n 3 . 
Execute:  l a)  Since  the  wall  is  frictionless^  the  only  vertical  forces  are  the  weights  of  tlx  man  and  tlx  ladder, 
and  the  normal  force  n3 . For  the  vertical  forces  to  balance.  n3  - w,  + m;.  = 160  N r 740  X - 900  N.  and  the 
maximum  frxtional  force  is  fi%n3  = (0.40)(900N)  = 360X . 

< 1> > Note  that  the  ladder  mikes  conuxt  with  the  wall  at  a height  of  4.0  m above  tlx  ground.  Balancing  torques 
about  the  point  of  contact  with  the  ground.  (4.0  m)*,  - <1.5  mil  160  N)  + <1.0  mX3/5)|740  N)  - 6S4  N m.  so 
nx  - 171.0  N . This  horizontal  force  about  must  be  balanced  by  the  friction  force,  which  must  then  be  1 70  N to  two 
figures. 

(c)  Setting  the  friction  force,  and  heixe  rtx . equal  to  the  maximum  of  360  N and  solving  fee  the  distance  x along  the 
ladder.  <4.0  m«360  N)M1-50  m«160  N)  + *(3/S)<740  N>,  so  .v^2.7  m. 


( hjptCT  II 


EVALUATE:  The  normal  force  excited  by  the  ground  doesn't  change  as  the  man  clwta  up  the  ladder.  But  the 
nomul  force  exerted  by  the  wall  and  the  friction  force  exerted  by  the  ground  Ixilh  increase  as  lie  mot«  up  the  ladder. 
IDENTIFY:  The  system  of  the  person  and  diving  hoard  is  at  rest  so  the  two  conditions  of  equilibrium  apply. 

(a)  SET  Up:  The  free- body  diagram  for  the  diving  board  is  given  in  Figure  11.11.  Take  the  origin  of  ccxmlinatcx 
it  the  left'hand  end  of  the  board  (paint  A). 


F is  the  force  applied  at 
the  support  print  and  f is 
he  force  at  the  end  that  is 
liekl  down. 


Figure  I l.l  I 

EXECUTE:  yr(  = 0 gives  -tf;(1.0  m> - (500  N *3.00  m)-<2S0  N)fl.50m1-0 
F »50i»  Nti^.Ml)  ml  1 12>!  mi  191Q  N 

‘ 1.00  m 

W Y*F’mma» 

FJ  — Fj  — 280  N - 500  N = 0 

F3  = Ft  - 280  N - 500  N = 1920  N - 280  N - 500  N = 1 140  N 

EVALUATE:  We  can  chxk  our  answers  by  calculating  the  net  torque  about  some  paint  and  checking  that  r,  - 0 
for  that  poont  also.  Net  torque  about  the  nghtdiand  of  the  hoard: 

(1 1 40  NH3.00  m)*  (280  NK  l $0  m>  - <1 920  N 1(2.00  m)  - 3420  N m + 420  N m - 3840  N • m - 0.  which  checks. 
iDEVnFY:  Apply  the  first  and  second  conditions  of  equilibrium  to  the  beam. 

SET  Up:  The  bov  exerts  a downward  force  on  th:  beam  that  is  equal  to  his  weight. 

EXECUTE:  (u)  The  graphs  are  given  in  Figure  1112. 

(b)  x - 6.25  m when  FA  - 0,  which  is  1.25  m beyond  point  B. 

(c>  Take  torques  about  the  right  end  When  the  beam  is  just  balanced.  F.  - 0.  so  /*  - 900  N.  The  distance  that 


point  B must  he  from  th:  right  end  is  then 


(300  NT4.50  ml 


= 1.50  m. 


EVALUATE:  When  the  beam  is  on  the  verge  of  tipping  it  siarts  to  lift  otYtbc  support  A and  the  rxinnal  force 
Fa  exerted  by  the  support  goes  to  zero. 


US) 


Figure  11.12 
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L 

Figure  1 1.13c 


iDCVnFY:  Apply  the  tint  and  tecum!  conditions  of  equilibrium  to  the  stmt. 

(a)  SET  Up:  The  free- body  diagram  fur  the  stmt  is  given  in  Figure  1 1.13a.  Take  the  origin  of  coordinates  at  the 
hinge  (point  A t and  +)  upward.  l«et  Fk  and  F be  tlx  horizontal  and  v ertical  components  of  the  force  F exerted 
cm  the  stmt  by  the  ptvoc.  The  tension  in  the  vertical  cable  is  tlx  weight  w of  the  suspended  object.  The  weight  w of 
the  stmt  can  be  taken  to  act  at  the  center  of  the  stmt.  Let  L be  the  length  of  the  stmt. 


P =2w 


t cm  y> 

Figure  II.  13a 

Sum  torqixs  about  point  A.  The  pivot  face  has  zero  moment  ami  for  this  axis  an;!  to  doesn't  enter  into  the  torque 
equation. 

r,  = 0 

rf.sin30.0°-  w ((/:,' 2>cos30.0°)-  w(X.cos30.0p>-  0 
T sin  30.0° -<3w/2)cos30.0a  = 0 

2sin30.tr 

Then  ^Ft  = mat  implies  T - 1\  - 0 and  Fu  -2.60tv 

We  now  have  the  components  of  F so  can  find  rts  imgmtixlc  and  direction  (Figure  1 1.1 3b  1 

F^r,:+r; 

F-^(i60»i:X2.oo«r 

F = 3.28w 

_ /\  2.00m* 

ta n0  


Figure  1 1.13b 


(b)  Set  Up: 


The  tensiem  That  been  replaced  by  its  .r  and components.  The  torque  due  to  T equals  the  sum  of  the  torques  of  its 
conqiuncntt.  and  the  latter  arc  eatxx  to  calculate. 
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Execute:  £ rA  - Or  <rcos30.0rtf/.xm45.09)-(rMn30.0:K/.cai45.09)- 
2 )coi45.0:)-  M<£cDs45.0e)  -0 

The  length  L divides  out  of  the  equation.  The  cquaticei  can  also  be  simplified  by  noting  that  sin  45.0*  - cos45.0:. 
Then  r<cos  30.0* -wn  30.0°)  = 3h/2. 


2(cos30.0*  - sm  30.0°) 

!*• 

Tees  30.0*  = 0 

^ T cos  30.0*  - (4.  IOkXcos  30.0*)  -3.55k 


F%  -vr-K-r»an30.0:  ^0 
Ft  a 2k+  (4. 1 Ovr) sin  30.0°  - 4.05k 


figure  11.13d 


From  Figure  11.1 3d* 

F = jF‘+F? 

F - Nl'(3.55vi  )*  ^ (4.05k)5 


F 4.0Sk 

:.n  — = 

Ft,  3.55k 


^ 5.39k 


EVALUATE:  In  ejxh  ease  the  force  exerted  by  the  pivot  docs  not  act  along  the  strut.  Consider  the  ixt  torque  about 
the  upper  end  of  the  strut.  If  tlx  pivot  force  acted  along  the  strut,  it  would  have  zero  torque  about  this  point.  The 
two  forces  acting  at  this  point  also  have  zero  torque  and  there  would  be  ore  mxi/ero  torque,  due  to  the  w eight  of 
the  strut.  The  net  torque  about  this  point  would  then  not  be  zero,  v iolating  tlx  second  condition  of  equilibrium. 
iDt.litY  : Apply  the  lirst  and  second  conditions  of  equilibrium  to  the  beam 

SET  UP:  The  free  body  diagram  for  the  beam  is  given  in  Figure  1114  //.  and  //k  are  the  vertical  and 
horizontal  components  of  the  force  exerted  on  the  beam  at  the  wall  (by  the  lunge).  Since  tlx  beam  is  uniform,  its 
center  of  gravity  is  2.00  m from  each  end  Ibc  angle  0 has  cos0  - O.SOO  are!  s mO  - 0.600  . The  tension  T has 
been  replaced  by  ib  i and  y components. 

EXECUTE:  (u)  //  . //k  and  T-T  CO  0 all  produce  zero  torque.  £r  - 0 gives 

-m(2>00  n», - (4.00 m)+ F «n  014.00  m)°D  and  r , 1 : N : - - . N 4 ' ",  M5N 

(4.00  n>M0.600) 

lb)  ;0  gi*«  W,  - T cotO - 0 and  - (625  NM0.K00)  - 51X1  N -0  givet 
II,  and  //.  = -TmO  * ISO  N *300  N-<625  NX0600>  = 75  N . 

EVALUATE:  For  an  axis  at  the  right-hand  end  of  the  beam,  only  k and  //%  produce  torque.  Hie  torqix  dix  to  k is 
counterclockwise  so  the  torque  due  to  //  must  be  clockwise.  To  pnxlixe  a counterclockwise  torque.  //  must  be 


upward,  in  agrcenxnt  w ith  our  result  frcvm  £/*’  - 0 . 


Figure  11.14 
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IDEMIFY:  Apply  the  first  and  second  conditions  of  equilibrium  to  the  door. 

SET  L’P:  Tbc  free  body  diagram  for  the  doc*  is  given  in  Figure  11.15.  Let  //  and  II . be  the  forces  exerted  by 
the  upper  and  lower  hinges.  Take  the  origin  of  coordinates  at  the  bottom  hinge  l point  A)  and  +v  upward 


Execute: 

We  are  given  that 

H = //,  -m'/2-!40N 


ZF.  - 


'Hu 


IL.  - U 


IS  "Ik 

The  hon/ontal  components  of  the 
hinge  forces  an:  equal  in  rmgmtixle 
ind  opposite  in  direction. 


Sum  torques  about  point  A.  //,„  //%,.  and  //:tl  all  have  zero  moment  arm  and  hence  zero  torque  about  an  axis  al 
this  point.  Thus  Yrg  -0  gives  //|k(l .00  m) - u(0.50  m)  = 0 


/ 0.50  m 

--<2S0N)-140  N. 

1 -00  m 


The  hon/ontal  component  of  each  lunge  force  is  140  N. 

EVALUATE:  The  horizontal  components  of  the  force  exerted  by  each  hinge  are  the  only  horizontal  forces  so  must 

be  equal  in  magnitude  and  opposite  in  direction  With  an  axis  at  A.  the  torque  due  to  the  horizontal  force  exerted  by 
the  upper  hinge  must  be  counterclockwise  to  oppose  the  clockwise  torque  exerted  by  the  might  of  the  doer.  So, 
the  horizontal  force  exerted  by  the  upper  hinge  must  he  to  the  left  You  can  also  verify  that  the  net  torque  is  also 
zero  if  the  axis  is  at  tbc  upper  hinge. 

IDENTIFY:  Apply  the  conditions  of  equilibrium  to  the  wheelbarrow  plus  its  eontents.  The  upward  force  applied 
by  the  person  is  650  N. 

SET  UP:  The  free  body  diagram  for  the  wheelbarrow  is  given  in  Figure  11.16.  F - 650  N . - SO.O  N and  w is 

the  weight  of  the  Icxid  placed  m the  wheelbarrow. 

EXECUTE:  (u)  £ rd  - 0 with  the  axis  at  the  center  of  gravity  gives  «f0.$0  ml  - F{  0.90  m)  - Oand 


F m -1170N.  Yr -Opra 

0.50  m * 


0 and 


w - F + n - = 650  N * 1 170  N -H0.0  N - 1740  N . 

(hf  The  extra  force  is  applied  by  the  ground  pushing  up  on  the  wheel. 

EVALUATE:  You  can  verity  that  =0  for  any  axis,  for  example  for  an  axis  where  the  wheel  contacts  the 
ground 


1" 

<S 

t l»M)m 

0.50  rol 

Figure  1 1.16 
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11.19. 


I*  0.95  r.  -|“ 

n 


Identity:  Apply  the  tint  and  second  conditions  of  equilibrium  to  Clea. 

SET  L]P:  Consider  the  forces  on  Clea.  The  tree-body  diagram  is  given  in  Figure  11.17 
* A *“«  EXECITE: 

it  -89  N.  «r  = 157  N 

it  + n(  = w so  »»•  - 246  N 

Figure  11.17 

y*  r.  - 0.  axis  at  rear  feel 

Let  x be  the  distance  from  the  rear  fed  to  the  center  of  grav  ity. 

(0.95  m)  - ru*  - 0 

x - 0.606  m from  rear  fed  so  0.34  m from  front  fed. 

EVAUUTE:  The  normal  force  at  her  front  feet  is  greater  than  at  her  rear  feet,  so  her  center  of  gravity  is  closer  to 
her  front  feet. 

IDENTITY:  Apply  the  conditions  for  equilibrium  to  the  crane. 

SET  L’P:  The  free  body  diagram  for  the  crane  is  sketched  in  Figure  11.18.  f\  jnd  F%  are  the  components  of  the 
force  exerted  by  the  axle.  T pulls  to  the  left  so  F%  is  to  the  right.  T also  pulls  downward  jnd  the  two  weights  are 
downward,  so  F is  upward. 

Execute:  (u>  £r  -0  gives  f(|13  m|«ii25°-H;([7.0  mlci»S5“)->H1(|l6.0  m|co*55°-0. 

II  1.000  NX|160m]c,«5Sa)^|l5.0IXiN)|[7.0mlcot55;)  , 


II 3.0  m)sin2S“ 

(l»  -Ogive*  F,  - rcoi30:  = 0 jnd  = 2.54-10*  N. 
Y/:,  - Ogives  Fs  - r»in30°  - w.  - - 0 and  F,  - 4.06-10*  N 


t'Al.lATl:  untf-  — 


- - ! — uttcl  0 - 5K"  . The  1‘orcc  exerted  bv  Ihe  axle  i*  rail  directed  jkme  the  crane 

f 2.54-10*  N 


IV-  IUXBN 


IDENTITY : Apply  the  first  and  second  conditions  of  equilibrium  to  the  rod 
SET  L’P:  The  force  diauram  fee  the  rod  is  given  in  Figure  1 1.19. 


Figure  1 1.19 
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Execute:  = 0*  axis  at  right  end  of  rod.  counterclockwise  torque  k positive 

(240  N K 1 -SO  m>  + (90  NK0.S0  m>-(7;sin3O.OoX3.C0  m»  = 0 

3eOM.i44»>-.aiQN 

1 1.50  m 

7ac«0-7;a»3O’»O  and  72cos0  = 234N 

EF,ama, 

T,  sin  30°  + T sin  O - 240  X - 90  N = 0 
7 sin = 330  N - (270  N)sin30*  = 195  N 

Then  J ill°  ]212L  gives  tan  (7  - O.S333  and  0 - 40: 

T2ccaO  234  N 

And  ra  =1^-1-303  N. 
sin  4(7 

Evaluate:  The  monkey  is  closer  to  the  right  rope  than  to  the  left  one.  so  the  tension  is  larger  in  the  right  rope. 
The  horizontal  components  of  the  tensions  must  be  equal  in  magnitude  and  opposite  in  direction.  Since  7%  > 7],  the 
rope  on  the  right  must  be  at  a greater  angle  above  the  horizontal  to  have  the  same  horizontal  component  as  th: 
tension  in  the  other  rope. 

1 1.20.  iDEMltY:  Apply  the  first  and  second  conditions  for  equilibrium  to  the  beam 
SET  UP:  The  tree-body  diagram  for  the  beam  is  given  in  figure  1 1 .20. 

Execute:  The  cable  is  given  as  perpendicular  to  the  beam,  so  tb:  tension  is  found  by  taking  torques  about  the 
pivot  point:  7(3.00  m>  = (1.00  kN)2.<0  m)cos25.0’+<5.00  kNH4.50  m)cos25.0* . and  7 - 7.40  kN  . The  vertical 
component  of  the  force  exerted  on  the  tvam  by  the  pivot  is  the  net  weight  minus  the  upward  component  of  7. 

6.00  kN  - 7 cos  25.(7  - 0. 1 7 kN.  The  horizontal  force  is  7sin  25.0°  = 3.13  kN. 

EVALUATE:  The  vertical  component  of  the  tension  is  nearly  the  same  magnitude  as  the  total  weight  of  the  object 
and  the  vertical  component  of  the  fcrce  exerted  by  the  pivot  is  much  less  than  its  horizontal  component. 

P. 


5 00  IN 

Figure  1120 

1 1.2 1.  (a)  IDENTIFY  and  SET  Up:  Use  Eq.(  10.3)  to  calculate  the  torque  (magnitude  and  direction)  for  each  force  and  add 

the  torques  as  vectors.  See  figure  1 1.21a 

Execute: 

r,  =7;/,  =+(8.00  N)(3.00  m) 
r,  = +24.0  N • m 

r:  - -F&  - -{8.00  N)(/  + 3.00  m> 
r:  = -24.0  N-xn-  <8.00  N»f 

figure  11.21a 

£ r = r(  + z2  = r24.0  N m - 24.0  N-m  - (8.00  Ntf  = -(8.00  Ntf 
Want  / that  makes  = -6.40  N m (net  torque  must  be  clockwise) 

-<8.00  Ntf  = -6.40  N m 
/ = (6.40  N mX'8.00  N - 0.800  m 
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(b)  |r;|>|r  | since  F1  has  a larger  moment  arm;  ihe  ncl  torque  rs  clockwise 

(c)  See  Figure  1 1.2 lb. 


r.  -(8.00  N W 

r.  - 0 since  F%  is  at  the  axis 


aw 

Figaro  1 1.2  lb 

= -6.40  N • m gives  -(  K.00  N)/  - -6.40  N m 
i - 0.800  m.  same  as  in  pirt  (a). 

EVALUATE:  The  force  couple  gives  the  ?iime  magnitude  of  torque  fee  ih:  pm>t  at  any  point. 

VL 


IDENTIFY:  I 


l&l 


SETUP:  /(--50.0  cm 50.0x10  4 m: . 

Execute:  «r. 

(50.0x10  m*K3.0x  10  3 ml 


maximum  tension:  1’  = 


1 0.200  mX  500  X) 


1 50.0*  10  ' m 1(3.0x10  *'  ml 


-6.67x10'  Pa 


En  aUIaTE:  Ihe  miiVwle  tissue  is  much  more  difficult  *.o  stretch  when  it  is  ut>.lcr  maximum  tension 


Idem  m and  Sill  Up:  Apply  Eq.(  1 1 . 10)  and  solve  for  A and  then  use  A - 
rale  u Lite  the  diameter. 

Execute:  )'  - - so  A - t A is  the  cross* section  area  of  the  wire) 

A M Y M 


zr  to  gel  the  radius  and  d - 2r  to 


1 or  steel.  Y = 2.0x  10“  Pa  (Table  till 


Thus  A ^ 


[2.00  m<400  N) 


-1.6x10  * m\ 


(2.0x10'  Pa|(0.25xl0  ' m) 

A - Xf*%  % or-  yjA.'x  - Vl-6x|0"  nT.'x  - 7. 1 x 10  4 m 
d -2r  - 1.4x10  ‘ m-  1.4  mm 

Evaluate:  Steel  wire  of  this  diameter  doctm’t  stretch  much:  A ///*  - 0. 1 2%. 

Identify : Apply  Uq.<  11.10). 

SETUP:  From  Table  11.1.  for  steel.  K -2.0x10“  Pa  and  for  copper,  F -*1.1x10*  Pa 
A xid1  /4)  = 1 .77  x 10  4 m* . Fm  = 4000  N for  each  rod. 

(10O0NI  — ■l.lxlO'*.  Similarly,  the 


EXECUTE:  (u)  The  strain  is  - «£-.  For  steel  — 

k YA  l (2.0x10  PhXI. 77x10  m V 


strain  for  copper  is  2. 1 x 10  4. 

(b) Steel:  ( I . I x 10  4 X0.750  ml  - 8.3 x 10'*  m .Copper  (2.1  x 10  4|<0.75O m) - 1.6x \0*  m. 
EVALUATE:  Copper  has  a smaller  1'  and  there  fore  a greater  elongaticei. 

Identify:  )'  — 

AM 

S»:r  Up:  A - 0.50  cm1  - 0.50  x 10 4 m;’ 

Execute:  F- i4<>0  mH5(H)0  N)  _2.Qx|0.,pa 

(0.50x10  4 m*  M0.20x  10  * ml 

Evaluate:  (>ur  result  is  the  same  as  lhal  given  for  steel  in  Table  111 

Vi 


IDENTIFY:  I 


tto 


SET  UP:  A - xr*  • .e(3.5  X 10  m|J  = 3.85  x 10  * m* . Th:  force  applied  to  the  end  of  the  rope  is  the  weigh*  of  the 

climber:  Ft  - (65.0  kgX9.S0  xn/sJ ) = 637  N . 

Execute: 


, H5.I)  mil  637  N>  _6?7„0.^ 

(3.85x10  m‘Kl.10  m) 


EVALUATE:  (>ur  result  is  a lot  smaller  lhan  the  values  given  in  Table  11.1.  An  object  made  of  rope  material  is 
much  easier  to  stretch  than  if  the  object  were  made  of  metal. 
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Idi.n  llh:  Use  the  firvt  condition  of  equilibrium  ti>  calculate  tlx  tcnsxms  Tt  and  7*%  in  the  wire*  (Figure  1 1.27a). 
Then  use  Eq.l  1 1 . 10)  to  calculate  tlx  strain  and  cluneal  ion  of  each  wire. 

* 


030  ml  I / 

l 


Cl50m  v | T: 


6X1  kg 


n»3=  100 1* 

Figure  1 1.27a 

SET  L’P:  The  tree-body  diagram  for  ut . is  given  in  Figure  1 1 .27b. 


t 


Execute: 

ZF, maa, 

T3-mg=iy 

T : - 98.0  N 


Figure  1 1.27b 

SET  L’P:  The  freebody-dingram  fee  rs  gi\>m  m Figure  1 1.27c 

y 

1 am  L i i;: 


2>>« * 

Ti-Ts-mg^O 
tim7*  + **g 

r -98.0  N 1 58.8  N - 157  N 


stress 

(a)  ) so  strain 


•t  ;.t  i; 


figure  11.27c 

stress  F 

— 1. 

Y AY 


57  N 


upper  wire:  strain  ■ 

AY  (2.5x10  kOTIOxIO"  Pa> 


lower  wire;  strain  — 


98  N 

i*M20xl0‘  Pat 


3.1x10“* 

2.0x10  1 


AY  (2.5x10 
|b>  strain  so  AI  = ^(strain) 

upper  wire:  A/- (0.50  mK3. lx  10  l)  = 1.6x10°  m- 1.6  mm 
lower  wire:  AJ  - (0.50  m)2.0x  10°)  s 1.0x10°  m-  1.0  mm 

EVALUATE:  The  tension  is  greater  in  the  upper  wire  because  it  must  support  both  cbjccts.  The  wires  have  the 
same  length  and  diameter,  so  the  one  with  the  greater  tension  has  the  greater  strain  and  elongation. 

IDIAIUY:  Apply  Eqs.(l  1.8),  (1 1.9)  and  (1 1.10). 

SET  UP:  The  cross -sectional  area  of  the  post  is  A - xr*  - *(0.125  m)1  - 0.0491  m* . Tlx  force  applied  to  the  end 
of  the  post  is  F - (8000  kg)(9.80  mi's1 ) = 7.84  x 10*  N . The  Young's  modulus  of  steel  is  K = 2.0xI0"  Pa. 


„ Fk  7.S4xl04  N“ 

Execute:  <a>  stress 

A 0.0491  nr 


1.60x10*  Pa 


(hi 


1.60x10"  Pa 


-8.0  x 10  * . The  minus  sign  indicates  that  the  Icncth  decreases. 


> 2.0x10"  Pa 

(c)  A/  = /o(slrain)  = (2.S0mK-S.0xl0*)  = -2.0xl0°  m 
Evaluate:  The  fraclioral  chinge  in  length  of  the  post  is  very  small 
IDEVIIFY:  Fm  -/>/!.  so  Ftmt  -(Ap)A  . 

SETUP:  I aim -1013x10'  Pa. 

Execute:  (18alm-I.OaBn«I.OIJ»IO‘  Pa  aimi(50.0m'»-9.1-I0'  N. 
Evaluate:  This  is  a very  large  net  force. 
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11.33. 


11.34. 


11.35. 


11.36. 


Idf.n  i ify : Apply  !5q.<  11.13). 

V bp 

S»:r  UP:  AT  - - — ■ — . Ap  is  positive  when  the  pressure  increases. 

Execute:  la)  The  volume  would  increase  slightly. 

< 1>  > The  volume  change  would  he  twice  » great. 

(c)  The  volume  change  is  inversely  proportional  to  the  bulk  modulus  for  a given  pressure  change,  so  the  volume 
change  of  the  lead  ingot  would  be  four  times  that  of  the  gold. 

Evaluate:  For  lead.  B - 4.1  x 10  * Pa . so  Apt B is  very  small  arxl  the  fractional  change  in  volume  is  very 
small . 

Idem  if v : p-FlA 
SETUP:  1 cm*  = I * 10~*  m’ 

EXKUIE: 

(b>  (3.33"  10"  PaH2l<200  - 10  ‘ m')al33kN. 

Evaluate:  The  pressure  in  part  ta)  is  oxer  30  times  Larger  than  normal  atmosphere:  pressure. 

I DEM  IF  Y : Apply  Eq.<  11.13).  Density  - fli  •'  V . 

Set  L’P:  At  the  surface  the  pressure  is  1 OxlO*  Pa , so  Ap  - 1 I6x 10*  Pa  I'  = 1.00  m1 . At  the  surface 
1 .(»  m*  of  water  has  mass  l .03x10*  kg  . 


Execute:  (.,  ™ ' -0.0527 

AK  B 


2.2^10'  Pa 


(b)  At  this  depth  1 .03  x 10*  kg  of  seawater  has  volume  V4  ♦ AV  - 0.9473  m . The  density  is 

l*3"10'  - 1.09*  10*  kgfli1 . 

0.W3  m* 

EVALUATE:  The  density  is  increased  because  tlx  volume  is  compressed  due  to  the  increased  pressure. 
IDEM  try  and  Stn  Ur:  Use  Eqs.<  1 1 1 3 ) and  I 1 1 1 4 > to  calculate  B and  k. 


Execute:  B -- 


V 


(3.6x10*  Pa 1(600 cm*) 


- t4.8*10" 


Execute:  (u)  Shear  strain 


-2.4x10  \ 


AVIV,  1-0.45  cm  ) 

* = |/Ba|/4.8xl0v  Pa  - 2.1  x 10“'  Pa  ' 

Evaluate:  * is  the  same  as  for  glycerine  (Table  1 1.2). 

Iden  tify  : Apply  I*|.<  11.17). 

SETUP:  Ft  -9.0x10'  N . A - (0.100  mXO.SOOx  10  : m>.  /i  - 0 1 00  m From  Table  ILL  5-7.5xl0*‘  Pa  for 
steel. 

F (9x10*  N) 

AS~  [(0.100  m)O.50Ox  10  *m)]|7.Sxl0>a  Pa) 

|b)  Using  Eq.f  1 1.16),  x = (Shear  strain)  • /i  - <0.024)0. 10)0  m)  ^ 2.4x10 'm  . 

EVALUATE:  This  vciy  large  force  produces  a small  displacement;  xfh  - 2.4% . 

IDEN  TIFY:  Tlx  forces  on  the  cube  must  balance.  The  deformation  x is  related  to  the  force  by  S 

A x 

F - F since  F is  applied  parallel  to  the  upper  face. 

SETUP:  A = (0.0600  m)3  and  ft  - 00600  m Table  1 1.1  gives  S^d.dxlO”  Pa  for  copper  and  0.6x|0"  Pa  for 

lead. 

Execute:  (u)  Since  the  hon/ontal  forces  balance,  tlx  glue  exerts  a force  F in  tlx  opposite  direction. 

m.l  iQ-'ll  • ;-■<>  i‘-.^66x|0<N 

h 0.0600  m 

, % Fh  (6.6x10*  NX0.0600  m)  , n 

(c)  ,v  1 .8  mm 

AS  (0.0600  m)*(0.6x  10  Pai 

EVALUATE:  Ixad  lias  a smaller  5 than  copper,  so  the  lead  cube  has  a greater  deformation  than  the  copjxr  cube. 
Idf.n  i if Y and  SFll  Ur:  Use  Eq.(  11.17).  Same  matcrul  implies  sanx  S 
stress 


EXECUTE: 


strain 


stress  F./A  _ . 

so  strain ; — and  same  forces  implies  same  . 


Equilibrium  and  Elasticity  11*13 


11.37. 


11.38. 


11.39. 


11.40. 


For  the  smaller  cbject.  (strain!,  - F% «'  A^S 
For  the  larger  object,  (strain);  - h\(  AS 

Jj_  IVL  ± 


i sliain),  I.VUW 


mining 
(strain).  9 


Larger  solid  has  triple  each  edge  length,  so  A1  -9 Al%  and 

Evaluate:  The  larger  object  has  a smaller  deformition. 

Identify  and  Set  Ur:  Use  Eq.(  1 1.8). 

EXECUTE:  Tensile  stress  - — - — - 3.41x10  Pa 

A xr-  *<0.92x10 ‘m)1 

EVALUATE:  A modest  force  produces  a very  large  stress  because  th:  cross  sectional  area  is  smill. 
Identify:  The  proportional  limit  and  breaking  stress  are  vali>es  of  the  stress.  FJA  . Use  Eq.(l  1.10) 
calculate  M . 

SET  UP:  For  steel.  Y * 20x10“  Pa  . F.  * nr . 

Execute:  <u>  * =(1.6x10  ^OxlO”  PaHSxlO*  in1)^  1.60x10*  N. 


(b)  A/  - j jL-  3(1.6x10  *H4.0  m>  - 6.4 


(c>  (6.5x10  *K20x  10"  Pa)(5xl0  * m1)^6.5x\&  N. 

Evaluate:  At  the  proportional  limit,  the  fractional  change  in  th:  length  of  the  wire  is  0. 16%. 

Identify  : The  clast*:  limit  is  a value  of  the  stress.  Fk  f A . Apply  ^ F - md  to  the  elevator  in  order  to  find  the 
tensievi  in  the  cable. 

s»:r  UP:  — - |<2.40x  10*  Pal  - 0.80  x 10*  Pa  . The  free -body  diagram  for  the  elevator  is  gi  ven  in  Figure  1 1 .39 

A 

Ft  is  the  tension  in  the  cable 

Execute:  F -•flO.SOxlO’  Pal -(2.00x10  ' m'HO.SOxlO’  Pa)-2.40*I0‘  N . YF.  -ma,  applied  to  the 

cltv jlor  eive%  F - mi;  - mj  and  n - — - p — -9S0  m s"  - 10.2  m n' 

m 1200  kg 

L\  .via  .\T L:  The  tension  in  the  eahk  is  atom  twice  the  weiuht  of  the  elev  ator 


<ur 

Figure  I IJ9 


IDENTIFY : The  breaking  stress  of  the  wire  is  the  value  of  /*  A at  which  the  wire  breaks 

SET  UP:  From  Table  1 1.3.  the  breaking  stress  of  brass  is  4 .7  x 10*  Pa  . The  area  A of  the  wire  is  related  to  its 

diameter  by  4-  xd* .'4  . 

Execute:  — 150  N — -7.45x10  : m\  *■  d - Ji.lt.r  - 0.97  mm. 

4.7x10’  Pa 

EVALUATE:  The  maximum  force  a wire  can  withstand  without  breaking  is  proportional  to  th:  square  of  its 
diameter. 
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11.41. 


11.42. 


11.43. 


Identify : Apply  the  conditions  of  equilibrium  to  the  climber.  For  the  minimum  coefficient  of  friction  the  static 
frictMMi  force  has  the  value  f%  - fj%n . 

SET  UP:  The  free  body  diagram  for  the  climber  rs  given  m Figure  1 1 41 . /4  and  n are  the  vcrt>cal  and  horizontal 
components  of  the  force  exerted  by  the  dill' face  on  the  climber.  The  moment  arm  for  the  force  T is  (1.4  mtcoslO0  . 
EXECUTE:  tut  ]Tr,  - Ogives  7(1.4  m)coslO°- nfl.l  micos35.0°  - 0 . 

r - 11  lgK9.80  mfe> , - 525  N 

(1.4  m|co*IO 

<b>  n - T «n 2S.01’ a 222  N . £F.  ^Ogivc*  . rcoi2S“- h Ound 


X - (S2.0  kgW9.80  m'*‘)-(S2S  N).i*25:  - J2S  N . 
* n 222  N 


Evaluate:  To  achieve  this  large  value  of  }tK  the  climber  must  wear  special  rough-soled  shoes. 


Identify:  Apply  -0  to  the  bridge. 

SET  UP:  Let  the  axis  of  rotation  be  at  the  left  end  of  the  bridge  and  lei  counterclockwise  torques  be  positive. 
Execute:  If  Lancelot  were  at  the  end  of  the  bndge.  the  tension  in  th:  cable  would  be  (from  taking  torqurs  about 
the  hinge  of  the  bridge)  obtained  fiom  ril2.0N)-(600kgM9.Kl)  m/i')(l2.0  m>.(200  kgK9.80  m/*')(6.0m>. 
so  T - 6860  N . This  exceeds  th:  maximum  tension  that  the  cable  can  have,  so  Lancelot  is  going  into  th:  drink.  To 
find  the  distance  .t  Lancelot  can  ride,  replace  the  12.0  m multiplying  Larxclot's  weight  by  v and  th:  tension 
T by  7*4i4  - S.SOx  10*N  and  solve  for  x\ 

(5.80x  10*  NXI2.0  m>-(2(X)  kgX^.KO  m/s:K6.0  m) 
x - ■ m. 

(600  kg )f 9.80  m/s  ) 

EVALUATE:  Before  Lancelot  goes  onto  the  bodge,  the  tension  in  th:  supporting  cable  is 

7*  - - — ' l!  > ~ '[ % r * 1 ’ ‘ - *>800  N . well  below*  the  breaking  strength  of  the  cable.  As  he  moves  along  the 

12.0  m 

bridge,  the  increase  in  tension  is  proportional  tor.  the  distance  he  has  moved  along  the  bridge. 

IDENTIFY:  For  the  airplane  to  remain  in  level  Bight,  hath  - 0 and  £ r - 0 . 

SET  UP:  The  free  body  diagram  for  the  airplan:  is  given  in  F'igure  1 1.43.  I-cl  +y  be  toward. 

EXECUTE:  - If'  + - 0 . Taking  the  counterclockwise  direction  as  positive,  and  taking  torques  ahnut  the 

poant  where  th:  tail  force  acts.  -<3.66  mX67<X)  N|  + (3.36  m)/*^  - 0.  This  gives  F4%n  - 7300  N(up)  and 
Fui  - 7300  N - 6700  X - 600  \<dcmn). 
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11.44. 


11.45. 


EVALUATE:  Wc  assumed  that  llv  wing  force  was  upward  and  the  tail  force  was  downward.  When  we  solved  fee 
these  forces  we  retained  positive  values  for  them,  which  confirms  that  they  do  have  these  directions.  Note  that  the 
rear  stabilizer  provides  a downward  fcecc  It  does  not  hold  up  the  tail  of  the  aircraft,  but  serves  to  counter  the 
torque  produced  by  the  wing.  Thus  balance,  along  with  weight,  is  a crucial  factor  in  airplane  loading. 


•X 


■ U I 


figure  1 1.43 

iDt.Mih:  Apply  the  first  and  second  conditions  of  equilibrium  to  the  truck. 

SET  UP:  The  weight  on  the  front  wheels  is  i?r . the  noriml  force  exerted  by  the  ground  on  the  front  wheels.  The 
weight  on  the  rear  whrels  is  n . the  normal  force  exerted  by  the  ground  on  the  rear  wheels.  When  \Yk  front  wheels 
come  ofT  the  ground.  -*  0 . The  frcc-hody  diagram  for  the  truck  without  the  box  is  given  in  figure  1 1 .44a  and 

with  the  box  in  figure  1 1 44b.  The  center  of  gravity  of  the  truck,  without  the  box.  is  a distance  x from  the  rear 
wheels. 

Execute:  Y/\  =0 infill. 44a gives  w-n.-nr,  = 8820 N -f  10,780 N = 19,600 N 

r - 0 in  Fig  1 1 .44a.  with  th:  axis  at  the  rear  wfo^ls  and  countcrclcekwisc  torques  positive,  gives 
ir.<3.00m>  ( 10.780  N 


P7.  f3.00  m)  — w.t  — 0 


L - 


(3.UJ  ml  - l .6?  m. 


w \ 19,600  N 

(a)  Yr-0  in  Fig.l  1.44b.  with  the  axes  at  the  rear  whrels  and  counterclockwise  torques  positive,  gives 
w^<L00ml  + «r(3.O0m)-iv(l.65  m)  = 0. 

-(3600  NX  1 .00  m)  + (19.600  NW1 .65  ml 


-9, 


3.00  m 

- 0 gives  n.-f  i?r  vr  and  n,  - 3600  N r 19.600  N -95S0  N - 13.620  N . There  is 9.580  N on  the 
front  wheels  and  13.620  N on  the  rear  wtecls. 

(b)  nt  -+  0 . £r  - 0 gives  h^(I  0)0  m)-  w<1.65  m)  - 0 and  - 1 .6Sw  - 3.23  x 101  N . 

EVALUATE:  Placing  the  box  on  the  taileate  in  pari  (b)  reduces  tlie  normal  force  exerted  at  the  front  wheels. 


|<  ,l.COni  | 

5=7=V 


”, 

I i:0n>t  -IIKIiii  t 


figure  11.44a.  b 

iDKMin:  In  each  case,  lo  achieve  balance  the  center  of  gravity  of  the  s)*tem  must  be  at  the  lulcnim.  Use 
l:q.(  1 1.3)  to  locate  . with  m replaced  by  m;  . 

SET  Up:  Let  the  origin  be  at  the  left-hand  end  of  the  rod  and  take  Ihc  +x  axis  lo  lie  along  th:  rod  Let 

m-  - 255  N (the  rod  I so  x,  - 1 .00  m . let  h\  - 225  N so  x1-  2.00  m and  let  wh  - W . In  part  (a)  xt  - 0.500  in  and 

in  part  <b)  x>  -0.750  m . 

K\M  , (a)  v - 1.25  m . v - " ' ~ g.vrs  ~ *■'  ~ 


w _ <480  MH1 .25  ml  - (255  N X 1 GO  m)  - ( 225  N’H  2.00  m 1 _ |4Q  N 
0 500  m -1.25  m 

(b>  Now  w,  = W - 1 40  N and  x,  ^ 0.750  m . 

(255NX1.00m)^(225NM2.00m>+(140NX0.750m> 

x...  1.31  in  . must  be  moved 

255N  + 225  N + 140N 
1.31  m - 1.25  m - 6 cm  to  the  right. 

EVALUATE:  Movinir  15'  to  the  right  means  x for  Ihc  system  moves  to  the  right. 
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11.46. 


11.47. 


11.48. 


11.49. 


Iduviijv:  n»e  center  of  gravity  of  the  object  must  have  the  sanv  v coordinate  as  the  hook.  Use  Eq.(  1 1 .3 1 for 
.v^. . The  mats  of  a segment  is  proportional  to  its  length.  IXrtine  a to  be  the  maw  per  unit  length,  so  mi  - a!  , 
where  /,  is  the  length  of  a p»ccc  thit  his  mass  m . 

s»:r  UP:  Use  coordinates  with  the  origin  at  the  right  hind  edge  of  the  object  and  +x  to  the  left.  a*...  - L . Th: 
mass  of  each  piece  can  be  taken  at  its  center  of  gravity,  which  is  at  its  geometrical  center.  Let  1 be  the  horizontal 
piece  of  length  I.  2 be  the  vertical  niece  of  leneth  /.  and  3 be  the  honzontal  niece  with  length  x. 


EMC! Tt: 


mi  x r in  j * M X 


gives  X.- 


aL(L  / 2)  ♦ axix/2] 


a divides  out  and  the  equation  reduces 


. . . aL+aL+ax 

x 3 - 2a L - 3X.*'  - 0 . .t  - 4.(2/.  ± 4/.| . x must  be  positive,  so  x - 3/. . 

Evaluate:  a - /.  is  equivalent  to  saying  that  the  nel  torque  is  zero  for  an  axis  at  the  hook. 

IDENTIFY:  Apply  the  conditions  of  equilibrium  to  the  honzontal  beam.  Since  th:  two  wires  are  symmetrically 
placed  on  cither  side  of  the  middle  of  the  sign,  their  tensions  are  equal  and  are  each  equal  to  f - mg  *’2-137  N . 
SET  UP:  The  free  body  diagram  for  the  beam  is  given  in  figure  1 1 .47.  F and  /^are  the  horizontal  and  vertical 
forces  exerted  by  the  hinge  on  the  sign.  Since  the  cable  is  2.00  m long  and  the  beam  is  1.50  m kmg. 

cos 0 - ill  and  0 - 41 .4U  . The  tcnsxm  7*  in  the  cable  has  been  replaced  by  its  honzontal  and  vertical 

2.00  m • 

components. 

Execute:  (u)  -Ogives  7*.(sin41.4°)(l.50m»-»r 


1 0 750 m>- r,(l .50  m) - r (0.60  m)-0 


r (ISO  kg) 9. SO  ms*  j(0.750  m>»<!37  NK1S0  m + 0.60  m)  ^ N 
(l.50mMsm4l  4 | 

(b>  = 0 gives  /v+rsm4l.4*-ii^-27;  -0  and 

F%  ^2 r + -r  sin 4 1. 4°  = 2(137  X)-t  (18.0  kgH^O  nvs*>-(423  NXsin4l.4°)»  171  N . The  hinge  must  be 

ible  to  supply  a vertical  force  of  1 71  N. 

Evaluate:  The  force  from  the  two  wires  coukl  be  replaced  by  the  weight  of  the  sign  acting  at  a point  0.60  m to 
the  left  of  the  right-hand  edge  of  the  sign. 


fl.750 


Figure  1147 

IDENTIFY:  Apply  £r  -0  to  the  hammer. 

SET  UP:  Take  th:  axis  of  rotation  to  he  at  point  A 

Execute:  The  force  F is  directed  along  the  length  of  the  nail,  and  so  his  a moment  arm  of  (0.800  m)xin60a 
The  moment  arm  of  F:  is  0.300  m.  so 

(0.0X00  m l sin  60° 

F - F. i 5CX1  NM0.2311  - 1 16  N. 

1 (0300  m) 


EVALUATE:  The  force  F,  thit  must  be  applied  to  the  hammer  handle  is  much  less  than  the  force  that  the  hamnxr 
applies  to  the  nail,  because  of  the  large  difference  in  the  lengths  of  th:  moment  arms. 

IDFAIIFY:  Apply  the  first  and  second  conditions  of  equilibrium  to  the  bar. 

SET  Up:  Tbc  tree-body  diagram  for  the  bar  is  given  in  Figure  1 1.49.  n is  the  nortml  force  exerted  on  tbc  bar  by 
the  surface.  There  is  no  friction  force  at  this  surface.  //,  and  H t arc  the  components  of  the  force  exerted  on  tbc 


11.50. 


11.51. 
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bar  by  the  hinge.  The  components  of  the  force  of  the  bar  on  the  hinge  will  he  equal  in  magnitude  ami  opposite  in 
direction. 

Execute: 

F»//*»120N 

n-H%  =0 

//  - n,  but  we  don't  know 
either  of  the%e  forces. 


^r,  - 0 gives  7(4.0)  m)-«|3.00  m)^0 

« -<4.00  m'3.00  m)7  = 4(120  N>-  160  N and  then  //.  -I60N 

Force  of  bar  on  hinge: 

horizontal  component  1 20  N.  to  ngbt 

vertical  compoomt  160  N,  upward 

Evaluate:  //fc  ///,  -120/ 160  - 3.00/4.00.  so  the  force  the  hinge  exerts  on  the  bar  is  directed  along  th:  bar.  n 

and  F Itave  zero  torque  about  point  .4.  so  the  line  of  action  of  the  hinge  force  //  must  pass  through  this  poant 
also  if  the  net  torque  is  to  be  zero. 

IDEMIFV:  Apply  £ r,  - 0 to  the  piece  of  art. 

SE1  UP:  The  free  body  diagram  for  the  piece  of  art  is  given  in  Figure  1 1.50. 

Execute:  £r  ^Ogives  7^(1. 25  ra)-w(l.<02  m)-0 . 7rf-(358  Ni[  | ^ | - 292  N . £/’  -Ogives 


Figure  1 1.49 


EVALUATE:  If  we  consider  the  sum  of  torques  about  the  center  of  grav  ity  of  the  piece  of  art.  74  has  a larger 
monxnt  arm  than  TA  . and  this  is  why  TA<Tt . 

* 


G 


Figure  1 1.50 


IDIAIIF^ : Apply  the  conditions  of  equilibrium  to  the  beam. 

SET  L’P:  The  free  body  diagram  for  the  beam  is  given  in  Figure  1 1 .51.  Let  T4  and  T%% be  the  tension  in  th:  two 
cables.  Each  tension  has  been  replaced  by  its  horizontal  and  vertical  components. 

EXECUTE:  (u)  The  center  of  gravity  of  the  beam  is  a distaixe  L/2  from  each  end  and  y*  r - 0 with  the  axis  at 
flic  center  of  gravity  of  the  beam  gives  -7^sin^(l/2|-t  7^xin^(I/2)- 0 . l^sin#  - T^sinO  . £7 -Ogives 
7^cos$$  - T,co0  . Dividing  the  first  equation  by  the  second  gives  tanrf-  tantf  and  & -0  . Tlxn  the  equations  also 
say  7,=7„. 


<b)  Tlie  center  of  gravity  of  the  beam  is  a distance  31./4  from  the  lelLhaud  end  so  a distance  Lt  4 from  the  nght* 
hand  end.  Yr  -0  with  th:  axis  at  the  center  of  gravity  of  the  beam  gives  - T4  sm<K3£./2)+  T*  sin  0(L  /2)  - 0 and 
37^  sin  £ - T^%in0 . I'.-  0 gives  T4  cos^  - T„<x>%0  . Dividing  the  lint  equation  by  th:  second  gives 
3tan<*  - tan# . 
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11.52. 


11.53. 


EVALUATE:  3 Ian  i - tan  0 requires  0 > ^ The  cable  closest  to  the  center  of  gravity  mint  be  closer  to  th:  vertical 
( COs4\ 

direction.  T%  — T I and  0 > 6 nxaus  th:  tensxm  rs  greater  in  the  wire  that  is  closest  to  the  center  of  gravity 

coiO  > 


Figure  1 1.51 

IDENTIFY:  Apply  the  first  and  second  conditions  for  equilibrium  to  the  bridge. 

SET  L’P:  Find  torques  about  the  hinge,  l.'se  /.  as  the  length  of  the  bodge  and  u\  and  M*h  for  the  weights  of  the 
truck  and  the  raised  section  of  the  bridge.  Take  *f  y to  be  upward  and  *.v  to  be  to  the  right. 

Execute:  <u>  77.sin70*-  h>  (i£)cos30°-  Utt(4/.)ctw30: , so 

(inr  t-i/u.  9.80  m.V)cos30*  . 

T — 2.57x10  N. 

sin  70° 

(b)  Horizontal:  T cos(70:  -30°)-  1.97x1  0*  N (to  the  right).  Vertical:  w1  r - 7*sin40p-  2.46*  10*  N (upward! 

2.46  xltf  N 


— and  t^-Sl.y.Thc 


EVALUATE:  If  p is  the  angle  ot  the  hinge  force  above  the  horizontal,  tan^ — ^ ^ ^ 

hinge  force  is  not  directed  along  the  bndge. 

IDEXIIFY:  Apply  the  conditions  of  equilibrium  to  the  cylinder. 

SET  L’P:  The  free -body  diagram  for  the  cylinder  is  given  in  Figure  1 1 .53 . Tbc  centcT  of  gravity  of  the  cylinder  is 
at  its  geometrical  center.  The  cylmdrr  has  radius  R. 

EXECUTE:  (u>  7 pnxfuces  a clockwise  torque  about  the  center  of  gravity  so  there  must  be  a friction  force,  that 
produces  a counterclockwise  torque  about  this  a.\is. 

(b)  Applying  Y r - 0 to  an  axis  at  the  center  of  gravity  gives  -TR- 1 fR  - 0 and  T - f . - 0 applied  to  an 

axis  at  the  point  of  contact  between  the  cylinder  and  the  rump  gives  -r(2J?)  + MgR  sin  0 - 0 . T - (3/g/2)sin0 . 
EVALUATE:  We  can  show  that  Ft  - 0 and  Ft  - 0 . for  x and  y axes  parallel  and  perpendicular  to  the  ramp, 
nr  for  x and  r axes  that  are  horizontal  and  vertxral. 


Figure  1133 
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IDENTIFY : Apply  the  first  and  second  conditions  of  equilibrium  to  the  kukicr. 

Si: I UP:  Take  torques  about  the  pivot.  Let  ty  be  up^'»*rd. 

EXECUTE:  (a>  The  force  Fs  that  th:  gnwnd  exerts  on  the  lad&r  is  given  to  be  vertical,  so  Yr  -0 
gives  Fv<6.0  mtsmtf  - <250  NH4.0  m)sio0  + (750  N)(l  .50  mtsintf . so  FK  - 354  N. 

(b)  Tliere  are  no  other  horizontal  forces  on  the  ladder,  so  the  bonzontal  pivot  force  rs  zero.  The  vertical  force  that 
the  pivot  exerts  on  the  ladder  must  be  1 750  N > * <250  N) - (354  N > - 646  N.  up.  so  th:  ladder  exerts  a downward 
force  of  M6  N on  the  pivot. 

(c)  The  results  in  parts  (at  and  (b)  arc  independent  of  ft 

Evaluate:  All  th:  forces  on  the  kukicr  arc  vertical,  so  all  the  moment  arms  are  vertical  and  are  proportional  to 
sin#.  Therefore,  sin  0 divides  out  of  the  torque  equations  and  the  results  are  indrpendent  of  0 . 

IDENTIFY:  Apply  the  first  and  second  conditions  for  equilibrium  to  the  stmt. 

SET  Up:  Denote  the  length  of  the  strut  by  L . 

EXECUTE:  (a)  V - mg  ♦ w and  //  - T.  To  find  the  tension,  take  torques  about  the  pivot  point. 


iLremv{iL} 


-I 


md  T A w 


f H>  Solving  the  above  for  is  . and  using  the  maximum  tension  for  T, 
w - 7*  tan  ft  - — ^ < 700  N i tan 55.0°  - <5.0  kg)  (9.80  m /** ) -951  N. 


(c)  Solving  the  expression  obtained  in  part  (a)  for  tan  ft  and  letting  to  -*  0.  tan/?  - - 0.700.  so  0 - 4.00°. 

Evaluate:  As  the  strut  hcconKs  closer  to  tlie  honzontal.  the  moment  arm  for  the  horizontal  tension  force 
ipprxMches  zero  and  the  tension  approarhes  infinity. 

IDENTIFY:  Apply  the  first  and  second  conditions  of  equilibrium  to  each  nxl. 

SET  UP:  Apply  Y]/’  -0  with  +y  upward  and  apply  Y r-0  with  the  pivot  at  the  point  of  suspension  fer  ca:h 
rod 

EXECUTE:  (u)  The  free* body  diagram  for  each  rod  is  given  in  Figure  1 1 .56. 

(b>  - 0 for  the  lower  rod:  (6.0  N#4.0  cm)  - wy(8.0  cm)  and  wA  - 3.0  N . 

£ Ft  = 0 for  the  lower  rod:  S4  -6.0  N vr4  - 9.0  N 

- 0 for  th:  middle  rod  h*#(3. 0 cm)  - <5.0  cm )$>  and  w,  - J — |t9.0  Nl  - 15.0  N . 

£ Ft  ^ 0 for  the  middle  rod:  S2  s9.0M  + S')  = 24.0  N 

- 0 for  th:  upper  nxl:  5,<2.0  cm)  - hv  (6.0  cm|  and  uy  - 1 |(24.0  N)  - 8.0  N . 

£/*,  - 0 for  the  upper  rod:  S,  - S.  + uy  - 32.0  N . 

In  summary,  w4=3.0N,  uy  = 15.0N.  hV»8.0N.  S,^32.0N.  S2  = 24.0  N , 5^9.0N. 

(c>  The  center  of  gravity  of  the  entire  mobile  must  lie  along  a v ertical  line  that  passes  through  the  jxiint  where  S is 
located. 

Evaluate:  For  the  mobile  as  a whole  the  vertical  forces  must  balance,  so  5,  - w . -*  vrA  + w;  t6.0N. 


4 ‘ 

LDciu  I 8.0  cm 


LOem 


i I I 


6.9  N 


Lwei 


Muklk  I'd 


Upper  rod 

Figure  1156 
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iDLvntY:  Apply  £r  - 0 to  the  t vim 

SET  Up:  Tbc  tree-body  diagram  for  the  beam  is  given  in  Figure  1 1 .57. 

Execute:  Ir  ^ 0.  axis  at  hinge  . give*  7*<6.0  mK«n4m  - w<3.75  m Meets  30r»  - 0 ami  T = 7600N. 
Evaluate:  Tbc  tension  in  the  cable  is  less  than  tbc  weight  of  the  beam.  T vin40t<  is  tbc  component  of  T that  is 
perpendicular  to  the  beam. 


Figure  1 1.57 


I DEV  llf^ : Apply  the  first  and  second  conditions  of  equilibrium  to  the  drawbridge. 

SET  Up:  Tbc  free  body  diagram  for  the  drawbridge  is  given  in  Figure  1 1.58.  //.  and  //k  arc  the  components  of 
the  force  the  lunge  exerts  on  the  fceidge. 

EXECUTE:  <u)  -0  w ith  the  axis  at  the  hinge  gives  -v*(7.0  m<cas37°)  * T(3.5  m>(sin37T  - 0 and 

an  37  tan  .IT" 

(b>  'E'F*  -0  gives  1.19x10*  X . - 0 gives  //.  -vt-4.50x|04  N. 

//  - JTTJTTTy  -1.27x  \&  N . ta t\0~—  and  0 - 20.7* . The  hinge  force  has  magnitude  I27x  10'  N and  is 


directed  at  20.7°  above  th:  horizontal 

EVALUATE:  The  hinge  force  is  not  directed  along  the  bridge.  If  it  were,  it  would  have  zero  torque  fix  an  axis  at 
the  center  of  gravity  of  tbc  bodge  and  for  that  axis  the  tension  in  tbc  cabV;  would  produrc  a single,  untulanccd 
torque. 


Figure  1 1-58 


IDECTIFY:  Apply  the  lirst  and  second  conditions  of  equilibrium  to  the  beam. 
SET  UP:  The  free  body  diagram  for  the  beam  is  given  in  Figure  1 1 .59. 


Figure  1 1.59 
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EXECUTE:  <u)  Y r - 0.  axis  at  lower  end  of  beam 
Lei  the  length  of  the  beam  be  L. 


TUmlO  )L  - -mgj  - I cos  40  - 

T i^lfL-’TOON 
sin  20- 

lb)  Take  -f y upward 

]£V,  - 0 gives  n - M*+7'siii600  - 0 so  n - 73.6  N 

JV,  ^-0  gives  / ^ r cos60°  - 1372  N 

- fK  1372  N 

A - A"*  K3  — 3 


19 


73.6  N 

EVALUATE:  The  flow  must  be  very  rough  for  the  beam  not  to  slip.  Tb:  friction  force  exerted  by  tb:  floor  is  to 
the  left  because  7*  has  a component  that  pulls  the  beam  to  the  right. 
iDEVnFY:  Apply  £r  - 0 to  the  bram. 

SET  UP:  The  center  of  mass  of  the  beam  is  1 .0  m from  the  suspension  point. 

EXECUTE:  (u)  Taking  torques  about  the  suspension  point. 

w<4.00  m>sin30°f  (140.0  NHl.OO  m)sin30*  - (100  NX2.00  m>sin30° . The  common  factor  of  sin 30°  div  ides  out. 
from  which  w - 1 5.0  N. 

(b)  In  this  case,  a common  factor  of  sin  45*  would  be  factored  out.  and  the  result  would  be  lb:  same. 

EVALUATE:  All  tb:  forces  are  vertical,  so  the  moments  arc  all  horizontal  and  all  contain  the  factor  sin#.  where 
# rs  the  angle  the  beam  makes  with  the  horizontal. 

Identify:  Apply  £r  -0  to  the  flagpole. 

SET  UP:  The  free  body  diagram  for  the  flagpole  is  given  xn  figure  1 1.61.  Let  clockwise  torques  be  positive.  0 is 
the  angle  the  cabV:  nukes  with  the  horizontal  pole. 

EXECUTE:  (u)  Taking  torques  about  the  hinged  end  of  the  pole 

(200  N X2.50  m>  * (600  N)(5.00  m ) - T <5.00  m I - 0 . T - 700  N . The  x-component  of  the  tension  is  then 


r.  - J<1000  N)!  -(700  N)'  -714  N untf- 


ittacbed  n (500  _ 4.90  m . 


- - — . The  heicht  above  the  pole  that  the  wire  must  he 


5.(10  m T 


(b)  The  reompooent  of  the  tension  remains  700  N.  Now  tan#  and  O - 4 1.35 


T ^ 


700  N 


- 1060  N . an  increase  of  60  N. 


sin#  sin  4 1.35 

Evaluate:  As  the  wire  rs  fastened  closer  to  the  hinged  end  of  the  pole,  the  moment  arm  for  T decreases  and  T 
must  increase  to  produce  lb:  same  torque  about  thit  end. 


I DEN  llf^ : Apply  Y>-0  1°  each  object,  including  the  point  where  D . C aixl  B are  Joined.  Apply  Y r - 0 to 

the  rod 

SET  UP:  To  find  T and  7^,  use  a coordinate  system  with  axes  parallel  to  the  cords. 

EXECUTE:  .1  and  B are  straightforward,  the  tensions  being  the  weights  suspended: 

T A ^ (0.0360  kg)(9.80  m sI * * * 5)  - 0353  N and  Tk  - (0.0240  kg  + 0.0360  kgX9.K0  m/s5)  = 0.58S  N Applying 
JV  * 0 and  - 0 to  the  po«nt  where  tb:  cords  are  Joined.  7j.  - 7*,  cos  36.9°  - 0.470  N and 
T = T cos  53.1=  - 0.353  N . To  find  T ' take  torques  about  the  point  where  string  F is  attached. 
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11.63. 
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7,-<I.OO  m)-ri>sin36.9°<0.K00m)-f  sin  53.  I*  (0.200  m)  + (0. 120  kg  H 9.  SO  m/s*  K0  50)  m)  and  Tx  ^0.833  N. 
Tt  nay  bo  found  similarly,  or  from  the  fact  thit  Tx  + Tx  must  be  the  total  weight  of  the  onument. 
(aiSOlsK^HOm/*1)  - 1.76  N.  from  which  7,  -0.931  N. 

EVALUATE:  The  vertical  line  through  the  sphere*  ix  closer  to  F than  to  £.  xo  we  cx|>xt  Ty  > Tk  . and  thr*  is 
indeed  the  caxc. 

KDEVnFY:  Apply  the  equilibrium  condition*  to  the  plate,  r - Frsmp . 

SET  UP:  The  free  body  diagram  for  the  plate  is  sketched  in  Figure  1 1.63.  For  the  force  T (tcn*ii>n  in  the  cable), 
r,  - frunj  - T^h' +d‘  sintf . 

Execute:  (u)  V r - 0 give*  T jh‘  * d‘  *in«»-  w'L  -0 . Tit  lead  fi>r  p - 90“ . and  in  lhal  ease  tan"  - —to 


- Ian  ! — . Then  T - H — — — 

d TJh7 


(b)  =0  give*  f\  - I *in  0 

wd  Y 


»hd 


2 (*'♦«#*) 

..  2A‘  -rd1 


£F  - Ogive*  F r Too%0-Hr  - Oand 


" ’ TJF77 A r ' l*  2i*  . rf ■•  > J~"  UPTPi 

EVALUATE:  The  ancle  a that  the  net  force  exerted  bv  the  hinge  mike*  with  the  horizontal  i*  given  by 


F «•(’*•  ’d1)  2h‘  * d' 


an  a 


Whd 


kd 


This  force  docs  not  lie  along  the  diagonal  of  the  plate. 


Figure  1 1.63 

IDEM1FV : Apply  I*j.<1 1.10)  and  the  rclatKin  AlW  w;f  - -<r\l  that  is  given  in  the  problem. 

SETUP:  The  steel  rod  in  Example  1 1.5  has  &J,'IV  -9.0  x 10^ . For  nickel.  F - 2.1  x 10"  Pa . The  width  v*f  « 
h;  = JAA'x  . 


EXECUTE:  <u>  a (A///)u;  ^ -<0.23)(9.0xl0  *ty4(0.30x  10 *m2)fx  - 1.3  ;»m. 

(b)  F - AY  — - AY—  and  F - l*~'1‘10'  *x  (2.0-10  :m)  ) 0.10- 10 'm  _ ^ N 
/ a w * 0.42  2.0x10  *m 

EVALUATE:  For  nickel  and  steel.  <r  < I and  the  frartional  change  in  width  is  less  than  the  fractional  change  xn  length. 
IDEWIIFY:  Apply  the  equilibrium  condition*  to  the  crate.  When  the  crate  is  on  the  verge  of  tipping  it  tourhes  the 
floor  only  at  its  lower  left-hand  corner  and  the  normal  force  acts  at  this  point.  The  minimum  cocftkicnt  of  static 
friction  is  given  by  the  cquition  f - fj%n . 

SET  UP:  The  free  body  diagram  for  the  crate  when  it  is  ready  to  tip  i*  given  in  Figure  1 1.65. 

Execute:  (■)  ]Tr  -Ogive*  #><1.50  m)*inS3.0"-H<1.10m)  = 0.  P=  uj  — 1 -I.15xl0‘  N 

(It)  JV,  - 0 give*  n- w -Pcot 53.0*  = 0.  n - ir - Pcm 53.0C  - 1 250  N •-  <1 . 1 5 x 10‘  N)co*53#«  1 .94x10*  N 
(c>  - Ogive*  f%  -#>*ln53.0i-(l  IS-101  N)*tn53.0“ -918  N . 

(d>  A = L = - — N — ; 0.473 

„ 1.94-10’ N 
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Evaluate:  The  normal  fcece  is  greater  than  the  weight  because  P has  a downward  component 


<0  m 


v 


IDENTIFY:  Apply  £r  - 0 to  the  meter  stick. 

SET  L’P:  The  wall  exerts  an  upward  static  friction  force/ and  a horizontal  r.orirul  fcece  n an  the  st*:k.  Denote  the 
length  of  the  stick  by  /.  / - fin  . 

Execute:  (u)  Taking  torques  about  the  right  end  of  the  stick,  the  friction  force  is  half  the  weight  of  the 
stick.  / = MV*  2 . Taking  torques  about  the  point  w here  the  coni  is  attached  to  the  wall  I the  tension  in  the  coni  and 
the  friction  force  exert  no  torque  about  this  point!,  and  noting  that  the  moment  amt  of  the  normil  force  is  /tan# . 
nUinO-  n/2-  Then,  {fin)  - tan  0<  0.40.  so  0 caretan  10.40)  - 22°. 

lb)  Taking  torques  as  in  part  (ak  /7  - ul  + it  </  - x ) and  n/  tan  0 - w-i.  r w.v.  In  terms  of  the  coefficient  of  frxtion 

fj%  fj  >LJ  ~ T — Htan/7-  Solving  for  a.  -tl- 30.2  cm. 

% * it  U2  + x / -f 2.v  2 fi^\ant) 

(c)  In  the  above  expression,  setting  x - 10  cm  ojk!  solving  for  //  gives  fi%  > — — ~ 0.625. 

EVALUATE:  Tor  O -\$°  and  without  th:  block  suspended  from  the  slick,  a value  of  u%  2 0.268  is  required  to 
prevent  slipping.  Hanging  th:  block  from  the  stick  increases  the  valu:  of  that  is  required. 

I DEN  liFV:  Apply  the  first  and  second  conditions  of  equilibrium  to  the  crate. 

SET  UP:  The  free -body  diagram  for  the  crate  is  given  in  Figure  1 1 .67. 


/.  -(0.375  m l cos  45° 

/j  a (1.25  m)cos4S° 

Let  t\  and  /\  be  the  vertical 
forces  exerted  by  you  and  your 
framd.  Take  th:  ongin  at  th: 
lower  left  hand  corner  of  the 
crate  (point  A). 


Figure  1 1.67 
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Execute:  £/\  - ma>  give*  Fx  + F%  - w - o 
Ft  +F,  a H'«(20Q  kgl<9.80  mV)  ^ I960  N 


2>*-0  gives  F^-H^aO 


I960  N 


^?5m-45  - 590  N 
1.25  maw 45* 


Then  Fj  - vr- F2  = I960  N - 590  X - 1370  N. 

EVALUATE:  He  person  below  (yixi)  applies  a force  of  1 370  N.  The  person  above  (your  friend)  applies  a fcece  of 
590  N.  It  is  better  to  be  the  person  above.  As  the  sketch  show*,  the  moment  arm  for  F is  less  than  for  F..  so  must 
have  > F\  to  compensate. 

I DEV  n t\:  Apply  the  first  and  second  conditions  for  equilibrium  to  the  forearm 

SET  UP:  The  free  body  diagram  is  given  in  Figure  1 1 .6Sa.  and  when  holding  the  weight  in  Figure  1 1.68b.  Let 
-ft*  be  upward. 


Execute:  (u)  lrit„  - 0 gives  F„<3.S0  cm)  ^ (15.0  NK15.0  cm)  and  Fu  ^ 59.2  N . 

<b|  Sr,  - 0 gives  Fh(3.80cm)  ^(15.0  N)(l5.0an)  + <80.0  N)(33.0cm)and  Fa  = 754  X . The  biceps  force  his  a 
short  lever  arm.  so  it  must  h:  large  to  balarxe  the  torques. 

(c)  S F\  ^Ogives  -Ft  + /J,  - 1 5.0  N - 80.0  N - 0 and  - 754N  - 15.0  N-80.0  X -659  N . 

Evaluate:  (d)  The  biceps  muscle  acts  perpendicular  to  the  forearm,  so  its  lever  arm  stays  the  same,  but  those  of 
the  other  two  forces  decrease  as  the  arm  is  raised.  Therefore  the  tension  in  the  biceps  muscle  decreases. 


Figure  1 1 .68*.  h 


iDSXniY:  Apply  £r  -0  to  the  forearm. 

SET  UP:  The  free  body  diagram  for  the  forearm  is  given  m Fig.  1 1. 10  in  tfo:  textbook. 

EXECUTE:  (u|  I r - 0.  axis  at  elbow  gives  wL  - (T  sin  0 \D  - 0 . sm  0 - so  w = T — -J 

Jh'+D'  LJh'  + D‘ 


1 


'i/> 


"IWTlr 


ib> 


•'ll 


T^h 

LJjr  + D- 


l- 


EVALUATE:  (c)  The  result  of  part  (b)  shows  that  n 


; the  derivative  is  positive 

increases  when  D increases,  since  the  derivative  is  positive. 


is  larger  for  a chimp  since  D is  larger. 

iDLVIltY:  Apply  the  first  and  second  conditions  for  equilibrium  lo  the  tabic. 

SET  UP:  Label  the  kgs  as  shown  in  Figure  1 1.70a.  Legs  A and  Care  3.6  m apart.  Let  the  weight  be  placed  closest 
to  legs  C and  O.  By  symmetry,  A - 8 and  C - D Redraw  the  table  as  viewed  from  the  AC  side.  The  tree-body 
diagram  in  this  view  is  given  in  Figure  1 l.70b. 

EXECUTE:  £ ’■  <abou»  right  end!  - 0 given  2,4(3 .6  m)  - (90.0  N 1(1 .8  m)»(l 500  N 1(0.50  m)  and 
A - 130  N - B . Yf  =0  given  A-tB  + C + D-  1590  N . lining  ,4-fl-l30\  and  C -Ogive*  C-D-670N. 
By  Newton's  third  law  of  motion,  the  forces  A,  B%  C.  and  D on  the  table  are  the  same  rmgmtudc  as  the  forces  the 
table  exerts  on  the  floev. 
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EVALUATE:  As  expected  the  legs  ckwat  to  the  1 500  N weight  exert  a greater  force  on  th:  floor. 

I5CON 


Figure  11.70a.  b 

I DEMUX:  Apply  V r -0  first  to  the  roof  and  then  to  era  wall 
(a)  SE  r L>:  Consider  the  forces  on  the  roof:  see  Figure  1 1 .7 1 a 


Figure  1 1.71a 

Apply  y r,  - 0 to  one  half  of  the  roof,  with  the  Axis  along  th:  line  where  the  two  halves  join.  Let  each  half  have 
length  L. 

Execute:  <vc/2)(I 2Xc«w35.0°)  -f  /tt»n3S.O’-  *Zcos3S°  - 0 
L divides  out.  and  use  V - w/2 
//  sin  35.0°  -au-coc  35.0° 


V and  //  are  the  vertical 
and  hoo/ontal  forces  each 
wall  exerts  on  the  roof. 
w - 20.000  S is  the  total 
weight  of  the  roof. 

2V  - n ioVm  h*/2 


//- 7140  X 

4 tan  35.0° 

EVALUATE:  By  Newton's  3rd  law.  the  roof  exerts  a horizontal,  outward  force  on  the  wall.  For  torque  about  an 
Axis  at  the  lower  end  of  the  wall,  at  the  ground,  this  fccce  has  a larger  moment  aim  and  hence  larger  torqix  th: 
taller  the  walls. 

< l>>  SET  UP:  The  tone  diagram  for  ooc  wall  is  given  in  Figure  1 1 71b. 


Figure  1 1.71b 


Consider  the  torques 
on  this  wall. 


//  is  the  horizontal  force  exerted  by  the  roof,  as  considered  in  part  (a).  H k the  horizontal  force  exerted  by  the 

>t 


buttress.  Now  the  angle  is  40.  so  // 


5959  N 


4tan4ir 

Execute:  £r  = 0.  Axis  at  th:  ground 
40  m>-  fl<3<>  ml  - 0 and  D - 7900  N. 

Evaluate:  The  horizontal  force  exerted  hv  the  mot’ is  larger  as  the  roof  becomes  more  horizontal,  since  fee 
torques  applied  to  the  roof  the  moment  arm  for  //  decreases.  The  force  H required  from  the  buttress  is  less  the 
higher  up  on  the  wall  this  force  is  applied 
Idiaiify : Apply  £r  - 0 to  the  wheel. 

SET  L’P:  Take  torques  about  the  upper  comer  of  the  curb. 

EXECUTE:  The  force  F acts  at  a perpendicular  distance  R-t i and  the  weight  acts  at  a perpendicular  distance 
-Jlfth-h1.  Setting  the  torques  equal  for  the  minimum  necessary  force.  F - mg— 


R-h 
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(h)  The  torque  due  to  gravity  is  the  same.  but  the  force  F acts  at  a perpendicular  distance  2 /?  -6.  so  the  minimum 
force  i*  (mg)j2M-hv\2R  - h). 

EVAUATE:  (c)  Less  force  is  rcqviired  when  the  force  is  applied  at  the  top  of  the  wheel,  since  in  this  ease  F has  a 
larger  moment  arm. 

1 1.73.  iDIAiitv:  Apply  the  first  and  second  conditions  of  equilibrium  to  the  gate. 

Si: I UP:  The  free  body  diagram  for  the  gale  is  given  in  Figure  1 1.73. 


Use  coordinates  with  the  origin  at  B.  Let  // 4 and  // A he  the  forces  excited  by  the  hinges  at  A and  B.  The  proble 
states  that  //  f lias  no  horizontal  component.  Replace  the  tension  T by  its  horizontal  and  vertical  components. 
Execute:  <u)  Yr.-O  gives  ^(rsin30.0DX4.(X)m»^(rcos30.(riri00mt-»»C2.(Xlmt-0 
T(2 sin  30.0:  + cos  30.0°)  ^ w 

tv  500  N 


N 


2sin 30XT* cos 30.(XJ  2sin30.0  + CCW30.0" 

< l> > ]T/*.  -ma,  says  //*  - Tcos30.0c  - 0 

//*.  - Tens  30.0°  -(268  N)  cot 300°  - 232  K 

(c>  = m<i,  says  //*  -t  //,.  + T sin 30.0°  - tv  - 0 

Nt.  + //*  = tv  - T sin  30.0°  - 500  N -(268  N)sin30.0°  ^ 366  N 

EVALUATE:  Thas  a horizontal  component  to  the  left  so  //rt  must  be  to  the  right,  as  these  arc  the  only  two 

horizontal  forces.  Noic  that  we  cannot  determine  // M and  // ^ separately,  only  their  sum. 

1 1.74.  Idk.n  llf^ : Use  liq.l  1 1.3)  to  locate  the  .r -coordinate  of  the  center  of  gravity  of  the  block  ccmbimtions. 

SET  Up:  The  center  of  mass  and  the  center  of  gravity  arc  the  same  point.  For  twx>  identical  blocks,  the  center  of 
gravity  is  midway  between  the  center  of  the  tw  o blocks. 

EXECUTE:  (a  > The  center  of  gravity  of  top  block  can  he  as  far  out  as  the  edge  of  the  lower  block  live  center  of 
gravity  of  this  combinatxm  is  then  31/4  to  the  left  of  the  right  edge  of  the  upper  block,  so  the  overhang  is  3L/4. 
(h)  Take  the  two-block  combination  from  part  tat.  and  place  rt  on  top  of  the  third  block  such  thit  the  overhang  of 
31/4  is  from  the  right  edge  of  the  third  block:  that  is.  the  center  of  gravity  of  the  lirst  two  blocks  is  above  the  right 
edge  of  the  third  bknrk.  The  center  of  mass  of  the  thrcc-blcck  combination,  measured  from  the  right  end  of  the 
bottom  block,  is  -1/ 6 and  so  the  largest  possible  overhang  is  (31/4)+ (1/6)  - 1 1 1/12.  Similarly,  placing  this 
three-block  combination  with  its  center  of  gravity  over  the  right  edge  of  lb:  fourth  block  allows  an  extra  overhang 
of  LfK  fora  total  of  251/24. 

(c)  As  the  result  of  part  lb)  show*,  with  only  four  blocks,  the  overhang  can  be  larger  than  the  length  of  a single 
block. 
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fhc  sequence  of  maximum  overhangs  is  . — — . — — . The  increase  of  over  lung  when  one 


EVALUATE: 

more  block  is  added  is  dxreasing. 
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IDENTITY:  Apply  the  first  and  second  conditions  of  equilibrium.  first  to  bath  marbles  considered  as  a composite 
object  and  then  to  the  bottom  marbV:. 

<a)  SET  Up:  The  forces  cei  each  mirble  an:  shown  in  figure  1 1.75. 


Execute: 

Fm  - 2m’  = 1 .47  N 
sxtiO  - Rf2R  so  0^  3<T 
= 0.  axis  at  P 
Fc{2Rco*0)-wR-Q 

F - !!!* -0.424  N 

‘ 2«*s30° 


r = /v  =0.424  X 


Figure  11.75 

(blConsi&r  tT>r  forces  on  the  bottom  mirble.  Tlie  horizontal  forces  must  sum  to  zero,  so 


F.  - «si 


n-——  0.848  N 
sin  30° 

Could  use  instead  that  the  vertical  forces  sum  to  zero 
Fg  -mg  - ncosO  - 0 


n — — — - 0.848  N.  which  checks, 
cos  30* 

Evaluate:  If  we  consider  each  marble  separately,  the  line  of  action  of  every  force  pusses  through  the  center  of 
the  marble  so  there  k clearly  no  torque  about  that  point  for  each  marble.  We  ean  use  the  results  we  obtained  to 
show  that  =0  and  -0  for  the  top  marble 
IDENTIFY:  Apply  £r  - 0 to  the  right -hand  beam. 

SET  L’P:  Use  the  hinge  » the  axis  of  rotation  and  take  counterclockwise  rotation  as  positive.  If  rs  the  tension 
in  each  wire  and  w - 200  N is  the  weight  of  each  beam.  2 Fmtm  - 2h  =0  and  F^  - w . Let  L be  the  length  of  each 
beam 


Execute:  ( a ) £ r - 0 gives  sin  — - F%  — ccw  — - w— sin  — - 0 , where  0 is  the  angle  between  the  beams 

and  F is  the  force  exerted  by  th:  cross  bar.  The  length  drops  out.  and  all  other  quantities  except  F arc  known,  so 


F - 


r,.#xin(0/2|-^M  sn|0.  2l 
l cos*  0 2) 


= <2ff«to-H)lan£.  Therefore  /•'  -(260N|Um-^ — I Ml  N 


(hi  The  crossbar  is  undrr  compression,  as  can  he  seen  by  lmigining  the  behavior  of  the  two  teams  if  the  crossbar 
were  removed.  It  is  the  crossbar  that  holds  them  apart. 

<c>  The  upward  pull  of  the  wire  on  each  beam  is  balanced  by  the  downward  pull  of  gravity,  due  to  the  symmetry 
of  the  arrangement.  The  hinge  therefore  exerts  no  vertical  force.  It  must,  how  ever,  balance  the  outward  push  of 
the  crossbar.  The  hinge  exerts  a force  1 30  N horizontally  to  the  left  fee  the  right-hand  beam  and  1 30  N to  the 
right  for  the  left-hand  beam.  Again,  it's  instructive  to  visualize  what  the  beams  would  do  if  the  hinge  were 
removed 

EVALUATE:  The  force  exerted  on  earh  beam  increases  as  0 increases  and  exceeds  the  weight  of  the  beam  for 
0*  90°. 
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1 1.77.  I DEV  n tv : Apply  the  first  and  second  conditions  of  equilibrium  to  the  bale. 

(a)  SET  Ilf:  Find  the  angle  where  the  bak  start*  to  lip.  When  it  starts  to  tip  only  the  lower  left-hand  comer  of  the 

bale  makes  contact  with  the  conveyor  belt.  Therefore  tlx  line  of  action  of  the  normal  force  n passes  through  the 
left-hand  edge  of  the  bule.  Cemsder  V ta  - 0 with  point  A at  the  lower  left-hand  corner.  Then  - 0 and  r(  - 0. 
so  it  must  be  that  r - 0 also.  This  n>Mns  that  the  line  of  action  of  the  gravity  rmitf  pass  through  paint  A.  Thus 
the  tree-body  diagram  must  be  as  shown  in  Figure  1 1.77a 


SET  UP:  At  the  angle  where  the  bale  is  ready  to  slip  down  the  incline  A has  its  maximum  possible  vahic. 

A - fi%n.  The  free -body  diagram  foe  the  bale,  with  the  origin  of  coordinates  at  the  eg  is  given  in  Figure  1 1.77b 


Execute: 

I*;-—. 

n-m  i£cos//-0 
* - mg  cos  p 
A - P "I?  c«s// 

(A  has  maximum  value  when 
bale  readv  to  sl^i) 

I'.—. 

A -Mgsinfl  - 0 
fj  mg  cos //  - mg  sin  //  - 0 

fi%  - 0.60  gives  thit  p = 31° 

Fi^arc  1 1.77b 

fl  = 27°  to  tip:  //  - 3 1*  to  slip,  so  tips  first 

<l»)  Tlie  magnitude  of  the  friction  force  didn't  enter  into  the  calculation  of  the  tipping  angle;  still  tips  at  //  - 2T5. 
For  - 0.40  tips  at  p - MCUn(0.40)  - 22° 

Now  the  bale  will  start  to  slide  down  the  incline  before  it  tips. 

Evaluate:  With  a smaller  the  slope  angle  //  where  the  bale  slips  is  smaller 
1 1.78.  Identity:  Apply  -0  and  Y Ft  - Oto  the  bale. 

SET  UP:  Let  +x  be  horizontal  to  the  right  Take  the  rotation  axis  to  be  at  the  forward  edge  of  the  bale,  w here  it 
contacts  tlx  horizontal  surface.  When  the  bile  just  begins  to  tip.  the  only  point  of  contact  is  this  point  and  the 
normal  force  produces  no  torque. 

Execute:  (u>  F*f  = = fijng  =(0.35X300  kgN9K0  m/s')  = 103  N 

(b)  With  raped  to  the  forward  edge  of  the  bale,  lb.-  Icier  arm  of  the  weight  u 11 2 50  m _ Q | 25  m ai*J  the  lex  er 
oral  h of  the  implied  force  u then  h -(0.125  m)^£  - (0. 1 25  nt  l j-  - - 0.3h  m . 

EVALUATE:  As  ^ increases.  F must  increase  and  the  bale  tips  at  a smaller  /i. 
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IDENTIFY:  Apply  the  first  and  second  conditions  of  equilibrium  to  llic  door, 
(a)  SET  Up:  The  free- body  diagram  for  the  door  is  given  in  Figure  1 1.79. 


Take  the  origin  of  coordinates  at  the  center  of  the  door  tat  the  eg).  Let  nA  nA%  and  he  the  normal  and 
trie tmn  forces  exerted  on  the  door  at  each  wheel. 

Execute:  £/;  -maf 

n,  -fji*-w  = 0 


n,  + nM  = m -950  N 

HF.  =“>•'. 

L'fu-r-o 

F°fu+f* 

'o  F-Afo + *>-*»- <0.52X950 N)  = 4MN 

L,  and  » all  have  zero  moment  arms  and  hence  zero  torque  about  this  point 


Thus  -tut  1 00  m) - /j, (2.00  m) - F(h)  = 0 


M<l.00m)-F(*>  (950  N'X  LX  in)  -(494  N)(l.60m)  ^ w 
2.X  m ~ 2.X  m 

And  then  nA  - 950  N -950  N-80  N = 870  N. 

<h)  SET  Up:  If  h is  too  large  the  torque  of/*  will  cause  wheel  A to  leave  the  track  When  wheel  A just  starts  to  lift 
off  the  track  nA  and  both  go  to  zero. 

EXECUTE:  The  equations  in  part  (a)  still  apply 
nA  +ir4  -w-0  gives  nM  = h*  = 950  N 
Then  /u  -=  nKnk  ^ 0.52(950  N)  - 494  N 
Wu+Zit-  494N 
+u<l .00  m)-/j,|2.X  m) - F(h ) - 0 
t MLOOmi  (950NHl.00mt  |nnm 
F 494  N 

Evaluate:  The  result  in  part  lb)  is  larger  thin  the  value  of  A in  part  (a).  Increasing  A increases  the  clockwise 
torque  about  D due  to  F and  therefore  decreases  the  clockwise  torque  that  itA  must  apply. 

IDENTIFY:  Apply  the  first  and  seccvid  conditions  for  equilibrium  to  the  boom. 

SET  Up:  Take  the  rotation  Axis  at  the  left  end  of  the  boom. 

Execute:  (u)  The  magnitude  of  the  torque  exerted  by  the  cable  must  equal  the  mngnitud:  of  the  torque  due  to  the 
w eight  of  the  boom.  The  torque  exerted  by  the  cable  about  th:  left  end  is  77.  sin  0 . Lor  any  angle  0, 
sin  <180°-*?)  - san0,  so  the  tension  7*  will  he  the  san>:  for  either  angle.  The  horizontal  component  of  the  force  that 
the  pivot  exerts  on  the  boom  will  be  T cos 0 or  7* cos(180‘  - 0)  - -T cos0  . 

<b)  From  the  result  of  part  (a),  T is  proportional  to and  this  becomes  infinite  as  0 ->  0 or  0 ->  18ft7. 

sin# 

(c)  The  tension  is  a minimum  when  sin 0 is  a maximum,  or  0 - 9(7’.  a vertical  cable. 

(d)  There  are  no  other  horizontal  forces,  so  for  the  boom  to  be  in  equilibrium,  the  pivot  exerts  zero  horizontal  force 
on  the  boom 
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Evaluate:  As  ll>r  cable  approaches  the  horizontal  direction.  its  moment  arm  for  tlx  axis  at  the  pivo:  approaches  zero, 
so  T must  go  to  infinity  in  order  for  tlx  torqix  due  to  the  cable  to  continue  to  equal  the  gravity  torque. 
iDLMitY:  Apply  the  first  and  second  conditions  of  equilibrium  to  the  pole. 

(a)  SET  Up:  The  free-bodv  diauram  for  the  pole  is  given  in  figure  1 1.81. 


n and/arc  the  vertical  and 
hivi/ontal  components  of  the  force 
tlx  ground  exerts  on  the  pole. 

YF  - nti/ 


/»  o 

Tlx  force  exerted  by  the  ground 
has  no  horizontal  component. 


Execute: 

-tr(7.0  m»cos0-  mg(4.5  m)cos0  - 0 
T ^ mg  14.5  m‘7.0  m)  = <4.5/7.0)<S700  N)  = 3700  X 

n + T - mg  - 0 

n - mg  - T =-  57CO  X - 3700  N - 2000  X 

Th  force  exerted  by  the  ground  is  vertical  (upward)  and  has  nugiutodc  2000  N. 

EVALUATE:  We  can  verify  that  Y - 0 for  an  axis  at  the  eg  of  the  pale.  T > n xitxc  T acts  at  a point  clcttcr  to 
the  eg  and  therefore  las  a smaller  moment  arm  for  this  axis  than  n does. 

(b)  In  the  Yr^-0  equation  the  angV  0 divided  out.  All  forces  on  the  pale  are  vertical  and  their  moment  arms 
are  all  proportional  to  cos  0. 

iDIAim:  Apply  the  equilibrium  conditions  to  tbc  pole.  Tlx  horizontal  component  of  the  tension  in  the  wire  is 
22.0  X. 

SET  UP:  Tbc  free  body  diagram  for  the  pole  is  given  in  Figure  1 1.82.  TTic  tension  in  tbc  cord  equals  the  weight 
H'.  Ft  and  are  tlx  components  of  the  force  exerted  by  tlx  hinge.  If  cither  of  tbese  fccccs  is  actually  in  the 
opposite  direction  to  what  wc  have  assumed.  \%e  will  get  a negative  value  vsben  we  solve  for  it. 

EXECUTE:  (u)  7*n 37.0"  = 22.0 N so  T- 36.6N.  £r  -Ogives  <r*in37.0°XI.75  m)-M'(IJ5m)  = 0. 

H’,  <220  N". 75  m)  js.S  N . 

1.35  m 

lb)  £/•.  - 0 gives  F,-rcca37.0"-)»’=0  and  f. -(36.6  N^casST.O1* 55.0 N - K4.2  N JV,  = Ogive* 

W - rsin37.0B-  f,  - 0 a lid  Ft,  - 2K.5  N - 22.0  N - 6.5  N . The  magnitude  of  tin  hinge  force  is 
F - sIf,‘  •.  r;  -84.5  N. 

EVALUATE:  If  wc  consider  torqixs  about  an  axis  at  tlx  tep  of  tbc  plate,  wc  see  that  /•’  must  be  to  tbc  left  in  order 
for  its  torque  to  oppose  tbc  torque  produced  by  tbc  force  If. 


I 


Figure  11.82 
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iDEvnrv:  Apply  £r  -0  to  the  slab. 

Si:r  UP:  The  tree  body  diagram  is  given  in  Figure  1 1 .83a.  Ian  fl  - _ - so  //  - 65.0° . 2<>.0;  + /f  + a-9 0e  so 

1.75  m 

a - 5.0 1 . The  dixtatxc  from  the  axis  lo  the  center  of  the  block  is  ^|j  ^ 1,1  j *t  | - — ^ , - 2 .07  m 

Execute:  (u)  w<2.07  m)sin5.0;- 7(3.75  m)*in52.0c'  - 0.  7 -0.06 Its . Each  worker  must  exert  a force  of 


0.0 1 2 h%  where  m*  is  th:  weight  of  the  slab. 

(b)  As  0 increases*  the  moment  arm  for  n drcreascs  are!  the  moment  ann  for  7 increases,  so  the  workc r needs 
exert  less  force. 

(c>  7 ->  0 when  * passes  through  the  support  point.  This  situation  is  sketched  in  Figure  1 1.83b. 

(1.75  m)/2 


anf/- 


arxl  0 - 25.0°  . If  0 exceeds  this  value  the  gravity  toruue  causes  the  slab  to  tip  over. 


(3.75  m).'2 

EVALUATE:  The  moment  arm  for  7 is  much  greater  than  th:  moment  arm  for  w.  so  the  force  th:  workers  apply  is 
much  less  thin  the  weight  of  the  slab. 


Figure  1 1.83a.  h 


IDENTIFY:  For  a spring.  F - kx . Y ~LlL 

AAJ 

SET  UP:  F,  -f ’-IF  and  M » x . For  copper,  >' = 11x10' Pa. 

/ j*  j 1 { ya  1 YA 

Execute:  (ul7’-|  — M - 1—  |.v.  This  in  the  form  of  F - kx  . with  4 - i-i 

,b >*.“  ^ 1.9x10'  Ntai 

><.  0.750  m 

(c)  H'  - tr  =<I.9«I0'  N/mKl.2S«l0  * ml ■ 240  N 

EVALUATE:  For  th:  wire  the  force  constant  is  very  large,  much  larger  than  for  a typical  spring. 

iDENTin : Apply  Newton’s  2nd  law  to  the  mass  to  tind  the  tension  in  th:  wire.  Then  apply  Eq.(l  1.101  to  the  wire 

lo  find  the  elongation  this  tensile  force  produces. 

(a)  SEI  UP:  Calculate  the  tension  in  th:  wire  as  the  maw  pisses  through  the  lowest  point.  The  fnre-body  diagram 
for  the  mass  is  given  in  Figure  1 l.S5a. 


F 

" mt 

Figure  11.85a 


The  mass  moves  in  an  arc  of  a circle 
with  radius  R - 0.50  m.  It  has 
acceleration  directed  in  toward 
the  center  of  the  circle,  so  at  this  point 
a . k upward. 


Execute:  JV.  -ma, 

7 - mg  - mRto:  so  that  7 - mig  + Rm3  ). 
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Bui  m must  be  in  rad's: 

to  — (120  rrvAsitsi)(2T  rad'  1 rev#  I min  60  s)  - 12.57  rad's. 

Then  T - (12.0  kg>9.S0  m'*’  -.(0,50  m*12.57  rads)')  - 1066  N. 

Now  calculate  the  elongation  M of  the  wire  that  this  tensile  force  pxodures: 

n^MKO-so^ 

AM  YA  (7.0x10  Pa)0.0l4x  10  m*| 

( l>  > SET  L’P:  The  acceleration  is  directed  in  towards  the  center  of  the  circular  path,  and  at  this  point  in  the 
motxin  this  direction  is  downward.  The  free-hedy  diagram  is  given  in  Figure  1 l.S5b. 


Execute: 

ZF> 

mg  r r - mRto' 
T = mlRai'  - g i 


Figure  1 1.85b 

r = (12.0  lgX(0_50  mX  12.57  rad1*)1  -9.80  m1)  -830  N 
FJ,_  !8i0  NM0.50  m) 

YA  <7.0x10“  PaH.0.014 v lo  m*) 

EvaUIaTE:  At  the  lowest  point  T and  w are  in  opposite  directions  and  at  the  highest  point  they  are  in  th:  same 
direction,  so  T is  greater  at  the  lowest  point  and  th:  clongaticoi  is  greatest  there.  The  elongation  is  at  most  l%of  the 
length 


IDENTIFY:  r - — so  the  slope  of  the  graph  in  pari  (at  depends  on  Y oung  s modulus. 

SET  UP:  Fi  is  the  total  load.  20  N plus  the  added  load. 

Execute:  U t The  graph  is  given  in  Figure  1 1 .86. 

(hi  Tlie  slope  is  — - 20 x 104  N.m 

(3.32  -3.02)x  10  J m 

V = (2l_  1,2.0*  10‘  NteH 1(2  0x10*  NAnl-lixlO"  Pa 

v ar  )'  | n(0.}5xl0  mf  / 

(c>  Tlie  stress  is  F. A . The  total  load  at  the  proportional  limit  is  60  N r 20  N - 80  N. 


stress  - — ^2.1x10*  Pa 

,r(0.35x  10  m) 

Evaluate:  The  value  of  Y we  calculated  is  close  to  the  value  for  iron,  nickel  and  steel  in  Table 


U A* 

Figure  1 1.86 


1.2  4.4 
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iDt.Mitv : Use  Ihc  second  condition  of  equilibrium  to  rchtc  the  tension  in  the  two  wires  to  the  distance  w is  from 
the  left  end  Use  Eqc.(  1 1 .S)  and  ( 1 1 . 1 0)  to  relate  the  tension  in  each  wire  to  its  stress  and  strain. 

(a)  SET  Uf:  stress  - F /A,  so  equal  stress  implies  T > A same  ftir  each  wire. 


r/2.00 


r i 4.(0  mm*  so  T -2. Mr 


Tlic  question  is  where  along  the  rod  to  hang  the  weight  m order  to  produce  this  relation  between  the  tensions  in  the 
two  wires.  Let  the  weight  be  suspended  at  point  C a distance  x to  the  right  of  wire  A.  The  tree-body  diagram  for 
the  rod  is  uiven  in  Figure  1 1 .87. 


K.XECLTE: 


2>r-0 

?T<!.05m-.r)-rx-l) 


f igure  1 1 J87 

But  F,  = 2.007,  so  2.007,  (1 .05 

2.10  m-  2.00x  - v and  x - 2. 10  nt‘3.00  - 0.70  m (measured  from  A >. 
(h>  SET  Up:  Y - stress-  strain  gives  tliat  strain  - stress.'  Y - Fi  f A 1*. 

EXECUTE:  Equal  strain  thus  implies 

t, r, 

(2.00  mm  Xl.SOxlO"  Pa)  (4.00  mm'  1(1. 20x10''  Pa) 


l£tj 

* I 2 .00  A 1- SO  I 

The  £rf  = 0 equation  still  gives  J^<1 .05  in  - x)  - Ttx  - 0. 

But  now  7,  = 1.3337,  so  (1.3337,X1  05  m - x) -T^x- 0 
1 .40  m - 2.33.Y  and  x - 1.40  rn‘2.33  - 0.60  m I measured  from  Ay 

EVALUATE:  Wire  B has  twice  the  diameter  so  it  takes  twice  the  Icnsxm  to  produce  the  same  stress.  For  equal 
stress  the  moment  arm  for  TM  (0.35  m)  is  half  that  for  7,  (0.70  m>.  ancc  the  torques  must  be  equal.  The  smaller  Y 
for  B partially  compensates  for  the  larger  area  in  determining  the  strain  and  for  equal  strain  the  moment  arms  arc 
closer  to  being  equal. 

IDEVIIFY:  Apply  Eq.<  1 1 . 10»  and  calculate  Al . 

SET  Up:  When  the  ride  is  at  rest  the  tension  F.  in  the  rod  is  the  weight  1900  X of  the  car  and  occupants.  When 
the  ride  is  operating,  the  tension  Fm  in  the  rod  is  obtained  by  applying  yf  a to  a car  and  its  occupants.  The 
free* body  diagram  is  shewn  in  Figure  1 1.88.  The  car  trav  els  in  a circle  of  radius  r - /sin 0 . where  / is  the  length  of 
the  rod  and  0 is  the  angle  the  rod  nukes  w ith  the  vertical.  For  steel.  )'  - 2.0  x 10* 1 Pa  . 
to  - 8.00  rev  min  - 0.838  rad «‘s  . 

Execute:  («>  A/ 1,5  0 n"“,0“  N| , . - 1 78. |«T  m - 0. 18 mm 

YA  <2.0x10“  PaMS.OOxlO  4 m ) 

(hi  Yf.  gives  F sin 0 - mrto‘  -ml  sin  0to2  and 

v ( 1900  X > , , 1 2.04x10*  N ’ 


Execute:  <uia/-^- 


-1.78x10  4 m-0.18  min 


F = micY 


‘ 11,1  N 'A  1 5.0  mX0.838  rad  %>*  = 2.04*  ION. 
9.80  m s* 


•■;n\ 


>-0  19  mm 
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11.89. 


11.90. 


EVALUATE:  gives  F^CQiO-mg  and  cos#  - mg/Fi  .As  <t>  increases  Fk  increases  and  cos# 

becomes  small.  Smaller  cos#  nxans  0 increases,  so  the  rods  nxnt  toward  tlie  horizontal  as  w increases 


rk 


IDBYT1FY  and  SET  Up:  The  tension  is  the  some  at  all  points  along  the  composite  rod.  Apply  l:qs.|  1 1.8)  and 
(11.1 0}  to  relate  the  elongations,  stresses,  and  strains  for  each  rod  in  the  confound. 

EXECUTE:  liach  piece  of  the  con^osite  rod  is  subjected  to  a tensile  force  of  4.00  x 104  X. 

Wr-£i-^ 

AM  YA 

A t%  - A/,  gives  that  — — - (b  for  brass  and  n 6>r  nickel  l:  , - L 

K4.  K-4. 

But  the  Fx  is  the  same  for  both,  so 


L - 


:ixio" 


1 .00  cm' 


u <1 .40  m)  - 1.63  m 

9.0  x 10  Pa  ){  2.00  cm*  ' 

(b)  stress  - / A - T/A 

brass:  stress  - T/A  - (4.00  x 10*  N>X2.Wxl0^  m’)- 2.00x10*  Pa 
nickel:  strew  = TIA- <4.00x  104  N)(1.00xl04  mJ)  = 4.00x10*  Pa 

(c)  F - stress*  strain  and  strain  - stress*  )* 

hra»:  strain 3(2.00x10*  PaV(9.0xl0"  Pal-2.22xl0‘ 
nickel:  slrain  - (4.00«  Iff  Pa >(2 1 - I0'1  Pa)  - 1.90-  10  ' 

EVALUATE:  Larger  Y means  less  Ai  and  smaller  A means  greater  A/,  so  the  two  effects  largely  cancel  and  the 
lengths  don’t  differ  greatly,  liqual  A / and  nrarly  equal  / means  the  strains  are  nearly  th:  same.  But  equal  tcnsiceis 
and  A differing  by  a factor  of  2 means  the  stresses  differ  by  a factor  of  2. 

F 

Idi.n  iift  : Apply 1 Y\  — | . The  height  from  which  he  jumps  determines  his  speed  at  the  ground  Th: 

acceleration  as  lie  stops  depends  on  the  force  exerted  on  hts  legs  by  the  gremnd. 

SET  LtP:  In  considihng  his  motion  take  +y  downward.  Assunx:  constant  accctoalxm  as  he  is  stepped  by  the  tloor. 

A / 


Execute:  (u)  Fx  - YA\  — ,-<3.0xl04  m *14x10'  Pa){0.0l0>-4.2xl04  N 

(b)  As  he  is  stopped  by  the  ground,  the  net  force  on  him  is  - Fm  - mg  . where  Ft  is  the  force  exerted  on  him  by 
the  ground  From  part  (a),  F,  = 2(4.2x10*  X*)^S.4xI04  N and  F ^8.4x  10*  N -(70  kg)9.S0  ms**)  ^8.33x  10*  N 
— mu  gives  a - l.l9x  10'  m/s' . at  - -I.19x  10*  ms*  since  the  acceleration  is  upward.  »•,  - »*0,  gives 
v«,  - -a, t -<-1.19x10*  ms*  *0.030  s)=  35.7  ms.  His  speed  at  the  ground  therefore  is  i - 35.7  ms  . This  speed  is 

related  to  his  initial  height  h above  the  floor  by  -iniv^  - mgh  and  h 65  m 


2s:  2(940  m s*  > 
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11.91. 


11.92. 


11.93. 


EVALUATE:  Our  estimate  is  based  solely  on  corral  rewive  stress;  other  injure  are  likely  at  a much  lower  height 
IDENTIFY  and  SET  UP:  Y - FJt  / A Al  <I^|.  1 1 . 10  holds  nnee  the  problem  state*  that  the  stress  is  proportional  to 

the  strain. ) Thus  A/  - FJt  f A )*.  Use  proportionality  to  see  how  changing  the  wire  properties  affect*  A/. 
Execute:  <u) Change  /„  but  F (same  tlcodlamp).  A (same  diameter  wire),  and  Y (nine  material!  all  stay  the 
sanx. 

AJ  F.  A /.  A/. 

constant,  so 

k •<>'  AJi: 

A/,  - -lAi^  2(0. IS  mm)  ^ 0.36  mm 

<b)  Aa*{dt2)* -±xd\  so  M - —1 

F. , ft>,  Y all  stay  the  same,  so  AJ(d* ) = FJ%  /(-i-xK)  - constant 

A /.ttVA/itf*) 

A/j  - A/, (</,  tdtf  ^ <0. 1 S mmX  1)2)*  =■  0.045  mm 

(c)  Fx . A all  stay  the  same  so  A/)*  - FJ*  / A - constant 


M:  - A/,(>; - (0.18  mm <20*  10**  Pa  1 1 x 10”  Pa>  ^ 0.33 
EVALUATE:  (rreater  / means  greater  A/,  greater  diameter  nxans  less  Al.  and  smaller  )*  means  greater  Al. 
Identify : Apply  Eq.<  1 1 . 1 3 » and  calculate  AV  . 

SET  Up:  The  pressure  increase  is  wt  A . where  w is  the  weight  of  the  bricks  arxl  A is  the  area  z r*  of  the  piston 

Execute:  *,J2?*2£***1-\*«y*k 
.710  150  m >• 

= -B± : giv«  AP  « JSeSk  * _"  *>7»‘I0'P«K250LI  ^ 0M2  L 
V4  H 9.09x10"  Pa 

EVALUATE:  The  fracliociil  chinge  in  volume  is  only  0.022%.  so  this  attempt  is  not  worth  the  effort. 

IDEM ify  and  SET  Ur:  Apply  Eqs.(  1 1 .8)  and  ( 1 1 1 5 >.  The  tensile  stress  depends  on  the  component  of  F 
perpendicular  to  the  plan:  and  th:  shear  stress  depends  on  the  component  of  F parallel  to  tlx  plane.  The  forces 
ire  shown  in  Figure  1 1.93a 


(a)  Execute:  The  components  of  F are  shown  in  Figure 

F - F <xn  6 


>3h 


/•cos* 


Tlx  area  of  the  diagonal 
face  is  1 


(b)  shear  stress  - 


- F nnO H Ai ca&ffV 


A 

Fsmtfcoafl 


Fan  20 


i using  a trig  identity  I. 


M/cosfll  A 2 A 

EVALUATE:  (c)  From  the  result  of  part  la)  the  tensile  stress  is  a maximum  for  cos0  -I,  so  0-0°. 
(d)  From  the  result  of  part  (b)  the  shear  stress  is  a maximum  for  sin  2/J  - 1.  so  for  20  - 90°  and  thus 


- 45: 
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11.94. 


11.95. 


11.96. 


IDENTIFY:  Apply  the  tirst  and  second  conditions  of  equilibrium  to  the  rod  Thm  apply  Eq.(l  1.101  to  reiitc  the 
compressive  force  cci  the  rod  to  itx  chance  xn  length. 

SET  L'P:  Foe  topper.  Y -1.1-10“  Pa  . 

EXECUTE:  (u)  Taking  torque*  about  the  pivot,  the  tension  T xn  the  cable  is  related  to  the  weight  by 

7*(sin0)/t  - so  T - — — . The  horizontal  compooent  of  the  force  thit  the  cable  exerts  on  the  rock  and 

2sin0 

hence  the  horizontal  component  of  the  force  thit  the  pivot  exerts  ixi  the  rod.  is  ^£cot  0 and  tlie  stress  is  ^ycottf. 

(b)  A/ : — — — — A/  corresponds  to  a decrease  in  length. 

.1)  2 AY 

(c)  In  terms  of  the  density  and  length.  (mjA)  — so  the  stress  is  {pijz[2)ca\G  and  th:  change  in  length  is 
i.p!h!2Y): O\0. 

(d|  Using  the  nunxncal  values,  the  stress  is  1.4x10s  Pa  and  the  change  xn  length  is  2.2  * 10  * m 

(el  The  stress  is  proport  iixial  to  the  length  and  th:  change  in  length  is  proportional  to  the  square  of  the  length,  and 

so  the  quantities  change  by  factors  of  2 and  4 

Evaluate:  The  compressive  force  and  therefore  th:  decrease  in  length  irxrcaxc  as  0 decreases  and  th:  cable 
becomes  more  nearly  horizontal. 

IDENTIFY : Apply  the  first  and  second  conditions  for  equilibrium  to  the  bookcase 

SET  UP:  When  the  bookcase  is  on  the  verge  of  tipping,  it  contacts  the  tloor  only  at  its  lower  left-hand  edge  and 
the  normal  force  acts  at  this  point.  When  the  bookcase  is  on  the  verge  of  sloping,  the  static  friction  fcece  has  its 
largest  possible  valix.  //.«  . 

Execute:  (u)  Taking  torques  about  the  left  edge  of  the  left  leg.  th:  bookcase  would  tip  when 

F - ' lN>'  N l>n  1 750  N are!  would  slip  when  F - (i/  Ml $00  N»  - 600  N.  so  th:  bookcase  slides  before 

(l.hO  m) 

upping 

(h|  If  F is  vertical,  there  will  be  no  net  horizontal  force  and  the  bookcase  could  not  slide.  Again  taking  torques 
about  the  left  edge  of  the  left  leg.  the  force  necessary  to  tip  the  case  is  — - 13.5  kN  . 

(cl  To  slide,  the  friction  force  is  / - u{w  -t  F cos#k  and  setting  this  equal  to  F sin#  and  solving  for  F gives 


-I to  slide).  To  tip.  the  condition  is  that  the  normal  force  exerted  by  the  right  leg  is  zero,  and 
sin0-//.  cos 0 

taking  torques  about  the  left  edge  of  the  left  leg.  /‘sin  0(1 .80  m)  + /‘cox0(0. 10  m)  - w<0.90  m).  and  solving  for 

w 


6 gives  / - 


(to  tip l.  Setting  the  two  expressions  equal  to  each  otlvr  gives 


66’. 


<l/9)cos0+  2si 

^«l/9)«w0*  2 san  0)  - sin  0 - //.  cos0  and  solving  for  0 gives  0-arctan  ‘ j'  ^ U‘ 

EVALUATE:  The  result  in  tel  depends  not  only  on  the  nunrcncal  value  of  but  also  on  the  width  and  height  of 
the  bookcase. 

iDEMitY  : Apply  £ r#  - 0 to  the  post,  for  various  choices  of  the  location  of  the  rotation  axis. 

SET  UP:  When  the  post  is  on  the  verge  of  slipping*  f\  has  its  largest  prcsiblc  value.  ft  - HJ 1 • 

EXECUTE:  (u)  Taking  torques  aixiut  the  paint  whnr  the  rope  is  fastened  to  the  ground,  the  lever  ami  of  the  applied 
force  is  fi  1 2 and  th:  lever  arm  of  both  the  weight  arxl  the  normal  force  is  h tan  0,  and  so  /•*  i.  - (it  - w\h  tan  0. 


_ ch 


Taking  torques  about  the  upper  paint  (where  the  rope  is  attached  to  the  past),  fn  - f Using  f £ fin  and  solving 


for  F. 


- 400  N - 


(b)  The  above  relations  between  and/  become  /*^A -(«  - m)/j  tan0./ -^/\  and  eliminating /and  ji  and 


solving  for  F gives  F £ n | JLL  * and  substitution  of  numerical  values  gives  750  N to  two  figures. 

fj  tan0 
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11.97. 


11.98. 


11.99. 


(c>  If  lb:  force  is  applied  a distance  y above  the  ground,  the  above  relations  become 

(1  - v-.‘A)  ( i'/A) 

f\  - In-  u)l\ mi l>,  f'th-yt  - th.  which  hreome.  on  clmunaling  n and/.  «if  . A*  the 

X tan 0 : 

term  in  square  brackets  approaches  zero,  the  necessary  force  bcconxs  unboundedly  large.  The  limiting  value  of  r 
is  found  by  setting  the  term  in  square  brackets  equal  to  zero.  Solving  fory  gives 
y MmO  tan  36.9°  _t 
h fj.  + tmO  0.30 -t  tan  36.9e 

Evaluate:  For  th:  post  to  slip,  for  an  axis  at  the  top  of  the  past  the  torque  due  to  F must  balance  the  torque  due 
to  the  friction  force.  As  the  point  of  application  of  A*  approaches  the  top  of  the  post,  its  moment  arm  for  this  axis 
approaches  zero. 

IDENTIFY:  Apply  £r  - 0 to  the  girder. 

s»:r  UP:  Assume  that  the  ccnteT  of  gravity  of  the  loaded  girder  is  at  L/2,  and  that  the  cable  is  attached  a distance 

x to  tbc  right  of  the  pivxit.  The  sane  of  the  angle  between  the  lever  arm  and  th:  cable  is  then  + ((1/2)  - a)*  . 

Execute:  The  tension  is  obtained  from  balancing  torques  about  the  pivot; 

! - w/-/2.  where  a*  is  the  total  load  . The  minimum  tension  w ill  occur  wkn  the  term  in 

square  brackets  is  a maximum;  ditTcrentiatmg  and  setting  the  derivative  equal  to  zero  gives  a nuximum.  and  hence 
a minimum  tensxm.  at  xtm  = ( h’/L ) + (L/2).  I lowever.  if  xM^  > X..  which  occurs  if  h > LjJ 2.  the  cable  must  he 
attached  at  L.  the  farthest  point  to  the  nght. 

Evaluate:  Notctliat  is  greater  than  L 2 but  approaches  Lf  2 as  h -*  0 . The  tension  is  a minimum  when 
the  cable  is  attache!  somewhere  on  the  right-hand  half  of  the  girder. 

IDEA 11FY:  Apply  the  equilibrium  conditions  to  the  ladder  c«>mbination  and  also  to  each  !add:r 
SEE  Up:  The  geometry  of  the  3-4  - 5 nght  triangle  simplifies  some  of  the  intcmxdiaic  algebra.  I>cnote  Ihe  forces 
on  the  ends  of  the  ladders  by  Fk  and  /^<lctt  and  right  I.  The  contort  fccccs  at  the  ground  will  be  vertical,  since  th: 
floor  is  assumed  to  be  frictionlcss. 

Execute:  (a)  Taking  torques  about  the  right  end.  /^(5.00  m)-(480  NM3.40  m)*t(360  N 1(0.90  ml . so 
/;  =391  N . fj  may  be  found  in  a similar  manner,  or  from  F,  - 840  N -Ft  = 449  N. 

<l»)  Tlic  tension  in  the  rope  may  be  found  by  finding  the  torque  on  each  ladder,  using  the  paint  A as  the  origin.  The 
lever  aim  of  the  rope  is  1.50  m.  For  the  let!  laddrr.  7*(1.50  m>=  Fc  (3.20  in)- 1480  NXl.60  m).  » 7*  = 322.l  N 


(322  N to  three  figures).  As  a check,  using  the  torques  on  the  right  ladder.  T( 1 .50  m I - FA 1 .80  m)  - (360  N *0.90  in  l 
gives  the  sanx  result. 

(c)  The  honzontal  component  of  the  force  at  A must  be  equal  to  the  tcnsioi  found  in  part  (b).  The  vertical  force 
must  he  equal  in  imgmtodc  to  the  difTcrcnee  between  tbc  weight  of  cjxh  lidder  and  the  force  on  the  bottom  of 
each  ladder.  480  N - 391  N - 449  N - 360  N - 89  N.  The  magnitude  of  tbc  force  at  A is  then 

„'l 322.1  N >!  t (89  X)'  - 334  N. 

(d)  The  easiest  way  to  do  this  is  to  sec  that  the  added  l<ud  will  be  distributed  at  the  flocc  in  such  a way  that 
F^-F,  f (0.36X800  N)  - 679  N.  and  F^  = F,  * (0.61)1 800  N)  -961  N.  Using  these  forces  in  the  form  for  the 
tension  found  in  part  (b)  ujvcs 


r /r1(3.20  m)-  <480  N)(l  .60  ml  ^<1.80  m)- (360  NM0.90  m)  ^ ^ 

(1 .50  ml  (1.50m) 

EVALUATE:  The  presence  of  the  pamlcr  increases  Ihe  tension  in  Ibc  rope,  even  though  his  weight  is  vertical  and 
the  tension  force  is  hai/ontal. 

IDENTIFY : Apply  Eq.<  1 1 . 14)  to  each  material,  the  oil  and  the  sodium.  Fee  ca:h  material.  Sp  - Ft  A . 

SEE  UP:  The  total  volume  change.  A I’  . is  related  to  the  distance  the  piston  moves  bv  AFU  - Ax  . 


Execute:  Tlic  change  in  the  volume  of  the  oil  rs  and  the  change  in  the  volume  of  the  sodium  is  ky\Ap. 

Setting  th:  total  volume  chinge  equal  to  Ax  {x  is  positive)  and  using  Sp  = FfA . At  - -f  kJ\tF/A\  and 

solving  fin  1.  give*  *.  -|  LL-kJ'0\2. 


11-38  C hapter  II 


Evaluate:  Neglecting  Ihc  volume  change  of  the  oil  corresponds  to  seitxng  kt>  - 0 f and  xn  that  cate  k,  - y—  In 
either  case,  a*  is  larger  when  k%  is  larger. 

1 1 . 1 00.  IDENTIFY:  Write  Al>K)or  MpVf ) in  terms  of  &j)  are!  AK  and  use  the  fact  that  pV or  pV  is  constant. 

SET  V P:  B is  given  by  Eq.(l  I.I3> 

Execute:  l a)  For  constant  temperature  ( AT  - 0) . A(pl')  - <A/?)K  ♦ pi Al')  - I) and  B - - 1 - p . 

<A*') 


<l>>  In  this  situation.  (A p)Vr  + 7p(Af' ) V - 0.  (A/?)  -t  tjp^—r  - 0.  and  B-  - - ^ - - yp. 

Evaluate:  We  will  see  later  that  y > I . so  B is  larger  in  part  <b). 

II. 101.  Identify:  Apply  Eq.(l  1 . 10)  to  calculate  A/. 

SET  Up:  For  steel.  Y = 2.0x10“  Pa  . 

EXECUTE:  (u)  From  Eq.l  I 1.10).  A/  - — — — — S1  1,1  ' * 1 " A‘  6.62  X 10  4 m.  or  0.66  nun  to  two  figures. 

^ (20x10  Pa  >(5.00x10  im>  ^ 

<b>  (4.50  kg*9.80  m/s1  1(00500 x 1 0 * m)  - 0.022  J. 

<c)  Tlie  magnitude  F will  van*  w ith  distance:  the  average  force  is  K4(0.0250  on//,)  - 16.7  N.  and  so  the  work 
done  by  Ihc  applied  force  is  <16.7XX0.0500xI0  * m)  =8.35x10  ; J. 

(d)  The  average  force  the  wire  exerts  is  <450  kg)£  ♦ 167  N - 60.K  N.  The  work  done  is  negative,  and  equal  to 
-(60.8  N >0.0500 x I0‘3  m)  = -3.04x!0  3 J 


(e>  I:q.<  1I  .10>  is  in  the  form  of  1 looke's  law.  with  k - — . Ud  - rkx: . so  At/*  = iA(.r;  - r; ) . 

.y,  - 6.62  x 10  4 m and  x}  = 0.500  x 1 0 m r .t4  = 1 1 .62  x 10  * in  . The  chingc  in  elastic  potential  energy  is 

U ' — \ ill  1.62 x 10  4 in)1 -(6.62x10  4 m)* > = 304 x 10  : J.  the  negative  of  th:  result  of 

2{  1.50  m | 


pari  (d). 

EVALUATE:  The  tenulc  force  in  the  wire  is  conservative  and  obeys  the  relation  W — —A U . 


Gravitation 


12.1.  IDENTIFY  and  S*:r  L’P:  Use  the  law  of  gravitation,  Eq.(l2.l>,  to  determine  Fr 
EXECUTE:  F.% ..6’  (S  - sun.  M - moon »;  F ..  - G m'm'*  (E  - earth) 


('  m^> 


}\Gmt  jjm  J ♦ 


rlM.the  radius  of  lb:  moon's  orbit  around  the  earth  is  given  in  Appendix  F as  3.84  * 10*  m.  The  moon  is  much 
closer  to  the  earth  than  it  is  to  the  sun.  so  take  the  distance  of  the  moon  from  the  sun  to  be  ru . the  radius  of 
the  earth’s  orbit  around  the  sun. 
f\.H  A « 99 -I0"  kgVlJMxItf  m \‘  _ , 


r§MM  \ 5.98x10"  kg 1.50x10  mj 

Evaluate:  The  fccce  exerted  by  the  sun  is  larger  than  the  force  exerted  by  the  earth.  The  moon’s  motion  is  a 
combination  of  orbiting  the  sun  and  orbiting  the  earth. 

12.2.  I DEN  I1FY : The  gravity  force  between  spherically  symmetric  spheres  is  Ft  - 11 . where  r is  the  separation 

between  their  centers. 

SET  Up:  G - 6.67  X 10  " N m'fcg*  . The  moment  arm  for  the  torque  due  to  each  force  is  0. 150  m 

Execute:  „>  Forcach  pair  of  sphe-,  r J6,67  ‘ 10  " ^ m^:iH  IQ  kgKlS.o  ks>  , |37„0  N . lrotn 

Figure  12.4  in  the  textbook  we  see  thit  the  fceccs  for  each  pair  arc  in  opposite  directions,  so  Fm  - 0. 

<b) The  net  torque  is  *2FJ e 2<1.27x  10’1  N)(0. ISO  m>- 3.81x10  * N in 

(c)  Tlic  torque  is  very  srmll  and  the  apparatus  must  be  very  sensitive.  The  torque  could  be  increased  by'  in:  re  asms 
the  mass  of  the  spheres  or  by  decreasing  their  separation. 

EVALUATE:  The  quart/  fiber  must  twist  through  a measurable  angle  when  a small  torque  is  applied  to  it. 

12.3.  IDENTIFY : The  force  exerted  on  th:  particle  by  the  earth  is  w - mg  . where  m is  the  mass  of  the  particle.  The 

force  exerted  by  the  100  kg  hall  is  Ft  - . where  r is  the  distance  of  the  particle  from  the  center  of  the  ball. 

SET  Up:  G * 6.67  x 10  " N • m*.kg: , g = 9.80  mV . 

Execute:  / - w gives — - mg  and 


Gw*,  /<6.67xl0  11  N m .’kg'HICOkg: 

~~p  V 9.80  m s* 


2.61  x 10  m - 0.0261  mm  . It  is  rot  feasible  to  do  this;  a 


1G0  kg  ball  would  have  a radius  much  larger  than  0.0261  mm. 

EVALUATE:  The  gravitatKinal  force  between  ordinary  objects  is  very  small.  The  gravitatxmal  force  exerted  by 
the  earth  on  objects  near  its  surface  is  large  enough  to  be  important  because  the  miss  of  the  earth  is  very  large. 

12.4.  Identify  : Apply  Eq.(  12.2).  generalized  to  any  pair  of  spherically  symmetric  objerts. 

SET  UP:  The  separation  of  the  centers  of  lb:  spheres  is  2 R. 

Execute:  The  magnitude  of  the  gravitational  attraction  is  GM*.'(2R)3  - GM1f 4J?J. 

Evaluate:  Fq.(  12.2)  applies  to  any  pair  of  spherically  symmetric  objects;  one  of  the  objects  doesn't  have  to  be 

the  earth. 
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12.5. 


12.6. 


12.7. 


12.8. 


Idi.n I1R : Use  Eq.l  12.1  > ti>  calculate  F exerted  by  the  earth  and  by  the  sun  and  add  these  farces  » voters, 
(a)  SIT  Ilf:  The  forces  and  distances  arc  shown  in  figure  12.5. 

Let  Ft  and  Fk  be  the 

\.  J " N gravitational  forces  exerted 


M fUl 


-O 


lxi  the  spaceship  by  tlic 
earth  and  by  the  sun. 


Exec  in: 


(u»  b\t  ^(6.673x10  “ N m'.'kg''J(  0.100 kg) 


with  the 


figure  12.5 

Execute:  The  distance  from  the  earth  to  the  sun  is  r = l.SOx  10“  m.  Let  th:  ship  be  a distance  v from  the 
earth;  it  is  then  a distance  ;*  - x from  the  sun. 

Ft  = F%  says  that  Gmm^x3  = Gmm^'ir  - .y): 
ntu /x*  - msS(  r - xf  and  (r  - *)'  - xi(mi>/ml  ) 
r — x — xjmjmt  and  r - .r(l  + ) 

x r ! — — — — -2.59x10*  m (from  center  of  earth) 

U JiWj/iu,  1 4^1 .99x10*’  ley 5.97x10*  kg 

(b)  Evaluate:  At  the  instant  when  the  spaceship  passes  through  this  point  its  acceleration  is  zero.  Since 
/w*  X*  this  equal* force  point  is  much  closer  to  the  earth  than  to  the  sun. 

IDDOIFI : Apply  E<|.(  12. 1 ) to  calculate  the  magnitude  of  the  gravitational  force  exerted  by  each  sphere.  Iiach 
force  is  attractive.  The  net  force  is  the  vector  sum  of  lb:  individual  forces 
SET  UP:  Let  x he  to  th:  right. 

- (5.00  kg)  ^ (10.0  kg)  1 -,w,»q„v 
(0.400  m )’  (0.600  m)*  j 

minus  sign  indicating  a net  force  to  the  left. 

(b)  No.  the  force  fexind  in  put  (a)  is  the  M force  due  to  th:  other  two  spheres. 

EVALUATE:  The  face  from  the  5.00  kg  sphere  is  greater  than  for  the  10.0  kg  sphere  even  though  its  mass  is  less, 
because  /•  is  stroller  for  this  mass. 

IDEM1FY:  The  force  exerted  by  th:  moon  is  the  gravitational  force.  Ft  - r — . The  force  exerted  on  the 

person  by  the  earth  is  w - mg  . 

SET  UP:  The  miss  of  the  moon  is  - 7.35  x 10-'*'  kg  . G - 6.67  x 10  ‘ N • m:  kg*  . 

Execute:  (■)  -l\- 1667 » 10  1 N-m*‘.'kg'>' — ' ' — ' -2.4-10  1 N. 

(h)  = (70 kg)(9.K0 m'l’l  = 690 N . -3.5-10*. 

EVALUATE:  The  fcccc  exerted  by  the  earth  is  much  greater  than  the  force  exerted  by  the  moon.  The  mass  of  the 
moon  is  less  than  th:  miss  of  the  earth  and  the  center  of  the  earth  k much  closer  to  the  pcrscei  than  is  th:  center  of 
the  moon. 

IDP-Mlfr^ : Use  Eq.l  1 2.2)  to  find  the  fcecc  each  point  mass  exerts  on  the  particle,  find  the  net  force,  and  use 
Newton's  second  law  to  calculate  the  accclcratico). 

SET  UP:  Each  force  r<  attractive.  Th:  particle  (mass  m)  is  a distance  r,  - 0.200  m from  m - 8.<Xl  kg  aixl 
therefore  a distance  rs  - 0.300  m from  m,  - 15.0  kg  . Lei  ♦*  h:  toward  the  15.0  kg  mass. 

EXECUTE:  F -Il—l-(6.67xl0  " N • m’.fcgVVl'‘|  - (1.334 x|0  4 Nkg)«i.  in  the  -y  -direction, 
r.  (0.200  m>* 


Gm,m 


[6.67x10  “ N • nT.'kg*’ ) 


l$0kg>i 
[0.300  m)‘ 


:l  1 12  X 10  * Nkir>i . in  the  +.r  -direction.  The  net  force  is 


Ft  ^Fu  +FU  = (-I .334x10  * N/kg  + l 112x10  ‘ N.'kgkn s(-2.2x  10  v Nkg>i.  <ik  — ^-2.2x10*  mV  . The 
acceleration  is  2.2  x 10  * mtaJ , toward  the  8.00  kg  mass. 

Evaluate:  The  smaller  mass  exerts  the  greater  force,  because  th:  particle  is  closer  to  the  smaller  mass. 
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12.9. 


12.10. 


12.11. 


KDS711IY:  Apply  Eq.(  12. 1 ) to  calculate  the  imgmtodc  of each  gravitational  f»>rcc.  Each  force  is  attractive. 

SET  UP:  The  masses  arc  - 7.35  * I0;‘  kg  , in,  - 1 .99  * 10“  kg  and  mk  - 5.97  x 10*  kg  . Denote  the  earth  sun 
separation  asr,  and  the  earth-moon  separation  as  r% . 


Execute:  (u>  (Gium) 


— — ♦ — 

I'i+'i)  * 


6.30  xl0>’  N.  toward  the  sun. 


(hi  The  earth-moon  distance  is  sufticicntly  small  compared  to  the  earth-sun  distance  « rfl  that  the  vector  from 
the  earth  to  the  moon  can  be  taken  to  be  peryvnihcuLir  to  the  vector  from  the  sun  to  the  moon.  The  gravitational 

forces  are  then  \ . 4.34 x 10**  N and  - 1 .99 x 10*N  . and  so  the  force  has  magnitude  4.77 x 10A  N 

*i  r{ 

and  is  directed  24.6°  from  the  direction  toward  the  sun. 


(c»  (GoiJ 


2.37' I0‘"  N,  toward  the 


nm 


Evaluate:  The  ixt  fcccc  is  very  dxtTerent  in  each  of  these  three  positiems.  even  though  the  magnitudes  of  the 
forces  from  the  sun  and  earth  change  very  little. 

IDENTITY:  Apply  Eq.(  12.11  to  calculate  the  migiutudc  of  each  gravitational  force.  Each  force  is  attractive. 

SET  L!P:  Hvc  forces  on  one  of  the  masses  are  sketched  in  Figure  12.10.  The  figure  shows  that  the  vector  sum  of 
the  three  forces  is  toward  the  center  of  the  square. 

EXECUTE:  F - IF  coi  45“  1 1' 


F 216.67 x 10  '•  N-m^g-'WMOkgr'w*  45;.  <6,67.11)  1 N- m:\g-pCm  kg);  , 

(0.10  m)'  (0.10  m)- 

center  of  the  square. 

EVALUATE:  Wc  have  assumed  each  mass  can  he  treated  as  a uniform  sphere.  Each  mass  must  have  an  unusually 
lame  density  in  order  to  hav  e mass  800  kc  and  still  fit  into  a square  of  side  length  10.0  cm. 


1 ( 


Figure  12.10 

iDEVIItY:  Use  Eq.|T2.2)  to  calculate  the  gravitational  force  each  particle  exerts  on  the  third  moss.  The 
equilibrium  is  stable  when  for  a displacement  from  equilibrium  the  net  force  is  directed  toward  the  equilibrium 
position  arid  rt  is  unstable  when  the  net  force  is  directed  away  from  th:  equilibrium  position 
Set  Up:  For  the  net  force  to  h:  zero,  the  two  forces  on  \l  must  be  in  opposite  directions.  This  is  the  case  only 
when  A/  is  on  the  line  connecting  the  two  particles  and  between  them.  The  free- body  diagram  for  .1/  is  given  in 
Figure  12.1 1.  m.  - 3m  aixl  m%  - m . If  Af  is  a distance  x from  m. . it  is  a distance  1 .00  m - x from  m. . 


Execute:  <u>  F - F.  F,  - -G 


‘.V"1 


mAi 


(1.00  m-x) 

If  k between  the  two  particles,  x must  be  less  than  1 .DC  m and  x 


--  0 . KI.OO  m- xf  = xi . 1.00  m-x-±xf -J5  . Since 


Mi 


D.634  m . .1/  must  be  placed  at  a 


1*I.»V3 

point  that  is  0.634  m from  the  particle  of  mass  3in  and  0.366  in  from  the  particle  of  mass  m. 

(b)(i|  If.l/  is  displaced  slightly  to  the  right  in  Figure  12.1 1.  the  attractive  force  from  in  is  larger  than  the  ibrec 
from  3m  and  the  net  force  is  to  th:  right  If  M is  displaced  slightly  to  the  left  in  Figure  12.1 1 . the  attractive  force 
from  3m  is  larger  than  the  force  from  in  and  the  net  force  is  to  the  left.  In  each  case  the  net  force  is  away*  freon 
equilibrium  and  the  equilibrium  is  unstable. 

( it  > If  M is  displaced  a very  strnll  distance  along  they  axis  in  Figure  12. 1 1,  the  net  force  is  directed  opposite  to  the 
direction  of  the  displacement  and  therefore  the  equilibrium  is  stable. 
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Evaluate:  The  point  where  the  net  force  on  A/  it  zero  is  closer  to  the  smaller  mist. 

v 


K 1 XI)  mi  - * — H 


H 


K IXO  in >j 

Figure  12.11 

12.12.  IDENTIFY:  Hie  force  F exerted  by  m on  M and  the  force  F.  exerted  by  2m  on  M arc  each  given  by  Elq.l  12.2)  and 
the  net  force  is  the  vector  sum  of  these  two  forces. 

SET  LtP:  Each  force  » attractive.  The  forces  on  M in  each  region  are  sketched  in  f igure  1 2. 1 2a.  Let  .1/  he  at 
coordinate  x on  the  x*axis. 

EXECUTE:  (a)  for  the  net  force  to  he  zero.  Ft  and  F \ must  be  in  opposite  directions  and  this  rt  the  case  only  for 
0 < x < L . F +F:-  0 then  requires  fj  - F: . *',f1**  2r *-(/.-  x)*%  and  L - x - xjlx . v tnutf  he  lew 

than /..so  x--l -0.414/. . 

l+v/2 

(b)  for  x < 0 , Ft> 0 . F\-> 0»  x-t-fl? and  F\  -+  as  x -> 0 . Far  x > L % F\< 0 . Ft  -t  0 as  x -* * and 
f -t-x  as  x -*  L . For  0 < x < 0.4 14X  , F,  <0  and  F,  increases  from  -c  to  0 as  x goes  from  0 to  0.4 1 4/..  For 
0.4 14/  < x < L % F$  > 0 and  FM  increases  from  0 to  -fee  as  x goes  from  0.4 1 AL  to  /..  The  graph  of  Ft  versus  x is 
sketched  in  Figure  12.12b. 

EVALUATE:  Any  real  chject  is  rxit  exactly  a point  so  it  is  not  possible  to  hive  both  m and  .1/  exactly  at  x - 0 or 
2nt  and  M both  exactly  at  v - L . But  the  magnitud:  of  the  gravitatKHul  force  between  two  objects  approaches 
infinity  as  the  objects  get  very  close  together. 


\f 1. H 

<*) 


W 

Figure  12.12 
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12.13. 


12.14. 


12.15. 


12.16. 


IDENTIFY:  Use  Eq.i  12.1  > to  find  the  fcccc  exerted  by  each  large  sphere.  Add  these  farces  ax  vectors  to  get  the  net 
force  and  then  use  Newton's  2nd  law  to  calculate  the  acceleration. 

SET  Up:  The  forces  arc  shown  in  Figure  12. 13. 


O' 


sm  O - 
cos#  - 0.60 

Take  the  origin  of  coordinate 
point  P. 


Figure  12.13 

Execute:  I ■ . C.H*  , O*036  ■»> . I.735x  10  " N 

' r 1 (0.100  mV 

H 


Fa  - -Fa sin 0 = -(1 .735 x 10  " N'XO.SO)^ -1.39x10  “ N 
FAf  - -Fa  co%0  = 4<1.735x  10  11 N K060)  - +1 .04  x I0"11  N 
F+=+FM%inO  = + 1.39x10  ‘ N 
F*  n+F*co%0~+ 1.04x10  11  N 
y*  /**  — «iii4  gives  Fgt  a nxj' 

0 - mu  so  i/  - 0 

- nuj,  gives  F+  + = «w. 

2(1.04x10  “ N)  = (0.010  kgKi. 

tf.  -2.1x10  * m‘s\  directed  downward  midway  between  A and  B 

EVALUATE:  Fee  ordinary  size  objects  the  gravitational  force  is  very  small,  so  the  initial  acccleratxm  is  very 
small  By  symmetry  there  is  no  r •component  of  net  force  and  the  y •component  is  in  the  dirccticei  of  the  two  large 
spheres,  since  they  attract  the  small  sphere. 

Identify:  Apply  Eq.<  12.41  to  Pluto. 

SET  Up:  Pluto  has  mass  m - 1.5  * I0~  kg  and  radius  /?  - 115x10*  m . 


Execute:  Equation  ( 12.4)  gives  g 


6.763  » 10  1 N nT.kg* |(  1.5x1 0a kg, 
(I. IS  x Iff  m) 


- 0.757  nr  i*. 


Evaluate:  g at  the  surface  of  Pluto  is  much  less  than  g at  the  surface  of  Earth.  Eq.f  12.4)  applies  to  any 
spherically  symmetne  object. 


iDLMltM  F -G 


'mG7' 


where  r is  the  distance  of  the  object  from  the  center  of  the  earth 


SET  UP:  r = A + H . where  h is  the  distance  of  the  object  above  the  surface  of  the  earth  and  - 6.38  x 10*  m is 

the  radius  of  the  earth. 

EXECUTE:  To  drcrease  the  acceleration  du:  to  grav  ity  by  one-tenth,  the  distance  from  the  center  of  the  earth 
must  be  increased  by  a factor  of  J\H.  and  so  the  distance  ahavc  the  surface  of  the  earth  is 
(Vi0-l)^  -1.38x10'  m. 

Evaluate:  This  bright  is  about  tw>ec  the  radius  of  the  earth. 

IDENTIFY:  Apply  Eq.<  12.4)  to  the  earth  and  to  Venus,  w - mg  . 

SETUP:  g m,  -0  815m,  and  /f(  -0  949/?,  . »,  - mg,  -75.0N. 

K 

Execute:  ^ - C'<0  S 1 1 _ o 905^  - 0.905*, . 

*;  (0.949/?,,  K- 

fb,  My  - mg,  - 0.905m?,  - (0.905X75.0  N)  - 67.9  N . 
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12.17. 


12.18. 


12.19. 


12.20. 


12.21. 


Evaluate:  The  mass  of  the  rock  is  independent  of  its  location  hut  it*  weight  equal*  the  uni' vitu  ional  forte  on  it 
ind  that  depend*  cm  it*  location. 

(a)  IDENTIFY  and  SET  Ur:  Apply  liq.f  12  4)  to  the  earth  and  to  Titanu  The  acceleration  doe  to  gravity  at  the 
surface  of  Titania  i*  given  In’  g,  - Gm^Rj . when:  m,  i*  iL*  mass  and  Rt  rs  it*  radius. 

For  the  earth,  g - Cm  JR?. 


EXECUTE:  l or  Iitaiua.  m - m,  I TOO  and  R.  - R X.  so  g,  - 


Car  Gim  /1 700)  ( 64  \Cm 


= 0.0377*.  . 


*«*  ’ UtOD/  H: 

Since  = 9.K0  tni1.  g,  - (0.05?7)9.S()  mV)  = 0.57  ml'. 

Evaluate:  g on  Titania  k much  smaller  than  on  earth.  The  smaller  mass  reduce*  g and  is  a greater  effect  than 
the  smaller  radius,  which  increases  g. 

(b)  IDEM  in  and  SET  UP:  Use  density  - mass,  volume.  Assume  Titania  rs  a sphere. 

Execute:  From  Section  12.2  we  know  that  th:  average  density  of  the  earth  is  5 5(X)  kgm‘.  For  Titania 

A *— ^-L — —,\  - — (5500 kgW)  = 1700 Icgfai1 

' 4>r/f;  itoo''  1700 

EVALUATE:  The  average  density  of  Titania  i*  about  a factor  of  3 smaller  thin  for  earth.  We  can  wile  Iiq.(I2.4) 
for  Titania  as  gf  - ^xGRjPj . g,  <gu  both  because  />,  < pk  and  Ri  < Rk . 

Idem  in : Apply  Eq.(12.4)  to  Rhea 

SET  Up:  p - miV  . The  volume  of  a sphere  is  V = L.rR' . 

Execute:  M - 2.44x10*  kg  and  p 1.30x10*  kgm\ 

c (4jr/3)tf 

Evaluate:  He  average  density  of  Rh:a  is  about  one  fourth  that  of  the  earth. 

IDENTIFY:  Apply  Iiq.<  12.2)  to  the  astronaut. 

SETUP:  -5.97xl0J<  kg  and  Rk  -6.38x|0k  m. 


Execute:  Ft  - . r - 6<X)  X 10*  m ♦ R^  so  F - 610  N . At  the  surface  of  the  earth,  vr  - mg  - 735  N.  The 

gravity  force  is  not  zero  in  orbit.  The  satellite  and  the  astronaut  have  the  same  acceleratxin  so  th:  astronaut's 
apparent  weight  is  zero. 

EVALUATE:  In  liq.f  1 2.2k  r is  the  distanre  of  the  ob>ecl  from  the  center  of  the  earth 


IDENTIFY:  g.  - C-jr.  where  the  subscript  n refers  to  the  neutron  star,  v*  - mg  . 

SET  Up:  X - 10.0x10*  m . m - 1.99 » 10“  kc  . Your nia»  u m-  — - 6?S  N 


v 9.  SO  m'l 


6S.9  kg. 


EXECUTE:  g.  -<6.673*10  1 Nm*W I-  - ’ - -*- ■ 1.13x10''  mV 

* <10.0.10' m)- 

Your  weight  on  the  neutron  star  would  be  w;  = mg.  -<68.9  kgXl. 33x10'*  m sJ>-  9 16  x 10“  N . 

EVALUATE:  Since  R is  much  less  than  the  radius  of  the  sun.  the  gravitational  force  exerted  by  the  neutron  star 
cm  an  crtijcct  at  iL*  surface  is  immense. 

IDENTIFY  and  SET  Up:  Use  the  nxasured  grav national  force  to  calculate  the  gravitational  constant  Gy  using 
F.q.<  12. 1 ).  Then  use  liq.f  12.4)  to  calculate  the  mass  of  the  earth 

_ Jv_  _ (S.00-10  " XWO.OIOQ  m):  „ ^ -10  '‘  N. ^ 

m e nn  i » . x in1  i *. 


Execute:  F-G^-wG 


«« i,  (0.400  kgH3.00x  10  kg  l 

* — W» 

■ 


CfWj  Rig  16.38x10*  m»T980  nvs‘)  c IW  1A„  . 

g gives  m — -5.98x10  kg. 

R;  * * G 6.667x10  ' N m*  kg*  b 

EVALUATE:  (>ur  result  agrees  with  th:  value  given  in  Appendix  F. 

IDENTIFY:  Use  liq.f  12.4)  to  calculate  g foe  Luropa.  Th:  acceleration  of  a particle  moving  m a circular  path  is 
atM  - rco* . 

SET  UP:  In  a . - rtom . Aimust  be  in  rad  s.  Fee  liuropa  R — 1.569x10*  m. 


12.22. 
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12.23. 


12.24. 


12.25. 


12.26. 


_ Cm  (6.67X1011  N m:.WK4.8xlO'*  kg)  _ _ . 

Execute:  v — - 1 .30  mV . g=a^  givxs 

ff-  (1.569x!tf  m>‘  * 

^ g /UOm^1  0 553  _i™v.  iS2 a 

V r \ 4.25  m ^ 1 min  A 2,t  ra.1 ) 

EVALUATE:  The  radius  of  Europa  is  about  one-fourth  that  of  the  earth  and  its  maw  is  about  one  hundredth  that  of 
earth,  so#  on  Eureka  is  much  less  than  i;  on  earth.  Th:  laixlcr  would  have  some  spatial  extent  so  different  points 
on  it  would  be  dilVerent  distances  from  the  rotation  axis  arxl  would  have  different  values.  For  the  wwt 
calcuhteiL  a * - v at  a point  that  k precisely  4.25  m from  the  rotation  axis. 


iDSVUfY  and  SET  UP:  Example  12.5  gives  the  escape  speed  as  v - JIGXfR,  where  3/  and  R are  the  mass  and 
radius  of  the  astronomical  object. 

Execute:  v,  = ^2(6.673-10  " N m’kg*|(3.6»IO'‘  kgl'700  m - O KI  m*. 

EVALUATE:  At  this  speed  a person  can  walk  100  m in  120  s;  easily  achieved  for  the  average  person.  We  can 
write  the  escape  speed  as  v - ^LxpG/b . where  p is  the  average  density  of  Dactyl.  Its  radius  is  much  smaller 
than  earth's  arel  its  density  is  about  the  same,  so  the  escape  speed  is  much  lest  on  Dactyl  than  on  earth. 

I DEN  11FY:  In  part  (a)  use  the  expression  for  the  escape  speed  that  is  derived  in  Example  12.5.  In  part  tb)  apply 
conservation  of  energy. 

SET  UP:  R - 4.5  X 10*  m In  part  tb)  let  point  1 be  at  the  surface  of  the  comet. 

_ . l2(iM  . . lb*  (4.5XI01  mKl.0m>s)>  . tnll  t 

EXECUTE:  (a ) The  escape  speed  is  v - J so  .1/ 3.37 x 10  kg  . 

11  \ R 2 G 2(6.67x10  N m'  Tip)  * 

(b)(i)  AT,  AT,  - 0.100AT,.  b\  - - — Ll ; 6\  =-  - — — . AT,  -f  L\  - AT,  gives 

R r 

i-t.-  - — - (0. 1 0DK  W > - — • Solving  for  r giro 
R r 

1 I 0.45(hf  1 0.450(10  ml)’ 

~~~R  CM  ~ 4.5x10' m (6.67.10  " N mVlcg' M3  37- 10"  kg) 
loses  all  of  its  initial  kinetic  energy,  but  Af>  — * 0 as  r -teo . The  farther  the  debris  arc  frcen  the  comet's  center,  the 
smaller  is  their  kinetic  energy. 

EVALUATE:  The  debris  will  have  lost  90.0%  of  their  initial  kmetic  energy  when  they  are  at  a distance  front  the 
comet's  center  of  atx>ut  ten  tinxs  the  radius  of  the  comet. 


and  r - 45  km  . I is)  The  debris  never 


IDES  tin : The  escape  speed,  from  the  results  of  Example  1 2.5.  is  *J2G\VR. 

SET  Ik  For  Mar*.  M = 6.42x10*'  kg  ami  - 3.40- Iff- m . For  Jupiter.  M -1.90x10*’  kg  and 
fl-6.91-10:  m. 

EXECUTE:  (u)  v = ^2(6.673-10'  N • m'.kg'  K6.42 x 10"  kg V(3.40 « 1 O’  ml  ^ 5.02  - 10' m *. 

(b) v  - ^2(6.673-10  " Nm:  kg'(l.90- 10'  kgl'<6.91-10  m)-6.06-l04  ml. 

(c)  Doth  the  kinetic  coergy  and  the  gravitational  potential  energy  arc  proportional  to  the  miss  of  the  spacecraft. 
EVALUATE:  Example  12.5  calculates  the  c*c:ye  speed  for  earth  to  be  1.12x10*  mfc . This  is  larger  than  our 
result  for  Mars  arxl  less  than  our  result  for  Jupiter. 


IDES  I1f\:  The  kinetic  energy  is  K - iwi'*  and  the  potential  energy  is  V - - 

r 

SET  Up:  The  miss  of  the  earth  is  A/,  - 5.97  x 10*4  kg  . 

Execute:  <u>  A'=4(629kgK333xlO*  ms)3  =3.49x10*  J 

,,  . . l»-673.  H»  ' X m-  Eg-  1.5  97  - IQ-  kgX629  kgl  . , 

/ 2.S7-10*  m 

Evaluate:  The  total  energy  K + U is  positive. 


G\lm 
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12.27. 


12.28. 


12.29. 


12.30. 


IDENTIFY:  Apply  Newton’s  2nd  law  in  the  motion  of  the  satellite  ami  obtain  and  equation  that  relates  the  orbital 
speed  v to  the  orbital  radius  r. 

SKI  L’P:  The  distances  are  shown  in  Figure  1 2.27a. 
h 


„o 


0 


The  radius  of  the  orbit  is  r - h + Rt  . 
r - 7.80x10*  m + 6.38x  IQ4  m = 7.l6xl0*  m. 


Figure  I2.27u 

The  frcc-body  diagram  for  th:  satellite  is  given  in  Figure  12.27b. 

(a)  EXCCLTTC:  Yr,  — Mil 


SI 


F -ma„ 


v/m 


t _ 


"i 


Figure  12.27b 

(Jm  |(6.673x  10  " N m::k['  W5.97 .10'  kg) 


fN! 


7.16*11/  m 


7.46x10'  ms 


„ % 2r r 2,r(7. 16x10  ml 

(b>  T- = 6030  s - 1.68  h. 

v 7.46x10  ms 

EVALUATE:  Note  that  r * h + Rk  is  the  radius  of  the  orbit,  measured  from  the  center  of  the  earth  For  this 
satellite  r is  greater  thin  for  th:  satellite  in  Example  12.6.  so  its  orbital  sp^  is  less. 

I den  llf\ : The  time  to  complete  one  orbit  is  the  period  T.  given  by  FqX  12.12).  The  sliced  v of  the  satellite  is 
2*r 

given  by  v . 


Si:r  t’P:  If  ft  is  the  height  of  th:  orbit  above  the  earth's  surface,  the  radius  of  the  orbot  is  r - ft  ~ R,  . 
=6.38x10*  maid  m,  -5.97-10*  kg  . 

2ki“  2r<7.05xl0’ m-. 6.38x10*  m>’  1 


execute:  <m  J - 


Gm,  ^<6.67x10  1 N m:  kg‘)(5  97  - 10  ' kg) 

49  km  .1 


- 5.W  ‘ 10'  ' - 99.(1  min 


2^17.05x10  m- 6.38x10*  in)  _ . 

lb)  v- - 7.49 x 10  mi -7 

5.94x10  .•» 

EVALUATE:  The  satellite  in  Example  12.6  k at  a lower  altitude  and  therefore  has  a smaller  orbit  radius  than  the 
satellite  in  this  problem.  Therefore,  the  satellite  in  this  problem  has  a larger  period  and  a smaller  orbital  speed.  But 
i large  percentage  change  in  h corresponds  to  a small  percentage  change  in  r and  the  values  of  T and  v for  the  two 
satellites  do  not  differ  very  much 

IDENTIFY : Apply  y /**  - rna  to  the  motion  of  the  earth  around  the  sun. 

SETUP:  For  the  earth.  T -365.3  day*  -3.156*10?  s and  r-  1.50*10“  m T 


2r r 2.^(!-50*IO,,  m)  m./ii  V* 

Execute:  v- ^ 2.99x10*  s.  r -ma.  gi\e*  C/-L-1  -mk  — 

T 3.156x10  s * 6 r*  ‘/ 

vV  (2.99  xlO4  x)*(1.50xl0“  m)  _ t ..  . 

w. 2.01x10  kg 

G 6.673x10  NmMg 

Evaluate:  Appendix  F gives  - 1 .99xlOu  kg . in  good  agrccrrcnt  with  our  calculation. 

I DEN  tin:  We  can  calculate  the  orbital  period  T from  the  number  of  revolutions  per  day.  Then  the  pcriixl  and  the 
orbot  radius  an:  related  by  I:q.<  12.12). 

SET  t’P:  ah4  - 5.97  x 10'*  kg  and  Rk  - 6.38  * 10*  m . The  height  h of  th:  orbit  above  the  surface  of  the  earth  is 

related  to  the  ixbit  radius  / by  r-At^  I d»y  - S.64  * 10*  s . 
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12.31. 


12.32. 


12.33. 


12.34. 


12.35. 


EXECUTE:  The  ntellitc  moves  15.65  revolutions  in  8.64  x 10*  s . so  the  time  far  1.00  revolution  is 

r,l64‘l0,t_S52x»«|,,  .r-2"1"1 

15.65 

Gmi  r: 

4.7*‘ 


vt*i  , 

\ ■ 6 


57x10'"  N m:. kg' )|5.97 x 10"  kgHS.52x lO1*]’ 

j7 


111 


r - 6.75  ^ 10*  mand 


k^r-R,  - 3.7x10' m -370  km 

EVALUATE:  The  period  of  this  satellite  is  slightly  larger  than  the  period  for  the  satellite  in  Example  12.6  and  t hr 
altitude  of  this  satellite  is  tfo^eforc  somewhat  greater. 

IDENTIFY:  Apply  y F - rm  to  lb:  mo  boo  of  the  baseball.  v - 

SF.T  UP:  r*.=6xlQ>  m. 


EXECUTE:  <u>  F gives  v-  fa  (^73x10  X m kg; M2 Qyjo*  kg)s4  7 

r : c Mrs  6x10  m 


u ■< 


4.7  m»'s  - 1 1 mph  . which  is  easy  to  achieve. 

(b)  T - m — 11  1,11  - 8020  s - 134  min  The  game  would  last  a lone  time, 

v 4.7  mb 

EVALUATE:  The  speed  v is  relative  to  the  center  of  Deimo*  The  baseball  would  already  have  some  speed  before 
we  throw  it.  because  of  the  rotational  motion  of  Dcimas. 

2xr 

IDEMIFY:  T - - — and  F\  - aia,^ . 

SET  UP:  The  sun  has  maw  in,  - 1 .99x10"  kg  . The  radius  of  Mercury’s  oebit  is  5.79x  10"  m . so  the  radius  of 
Vulcan's  orbit  is  3.86x|0*’  m . 

Execute:  F = nw,^  gives  - m—  and  Vs  - 1— 

r*  r r 


2,7  r 


» : 


2^(3.86x10*’  m>‘4 


T-2.T/  i -4  13x10"  s - 47.8  dav\ 

C,/nA  JGm^  J(6.673x  10  11  N m*.kg*Xl.99x  10"  kg) 


EVALUATE:  1 he  orbital  period  ot  Mercury  is  88.0  d.  so  we  could  calculate  / for  V ulcan  as 

T ^ (S8.0  d M 2 3)1 1 = 47.9  day*  . 

IDENTIFY:  Hie  orbital  speed  is  given  by  v - jGmfr  . where  m is  the  mass  of  the  star.  Hie  orbital  period  is  given 

SET  UP:  The  sun  has  maw  m,  - 1 .99  x 10"  kg  . The  orbit  radius  of  the  earth  is  1.50x10*  m 
Execute:  (■)  v = >jGm:r. 

v- ^16.673x10' 11  N •ms.,kg2K0.85x|.99x|0>a  kgV«l.50x  10**  m*0.1 1))  ^827x  |04  ms. 

(b)  2rrv-  1.25 x 10"  s - 14.5  day*  (about  two  weeks). 

Evaluate:  The  orbital  period  is  less  than  the  88  day  orbital  period  of  Mercury;  this  planet  is  orbiting  very*  close 
to  its  star,  compared  lo  the  orbital  rrxlius  of  Mercury. 

IDENTIFY:  The  period  of  each  satellite  is  erven  by  Ho  t 12.12)  Set  up  a ratio  involving  T and  r. 


Set  Up:  T - 


i 


rives 


i<  ■ 


2.r  r 

= constant . so 

K 


iGm, 


EXECUTE : 7-T  ^ -(6.39da>*) 


48.000  km 
19.600  km 


I 3 


24.5  davs . For  the  other  satellite. 


T. 


64.000km  . 

- 37.;  days 

19.600  km 


EVALUATE:  T increases  when  r increases. 

IDENTIFY:  In  part  (b)  apply  the  results  from  part  (a). 

SET  Up:  For  Pluto,  c - 0.24S  and  j - 5.92  x 10,J  m . For  Neptune,  c - 0.010  and  a - 4.50 x 10*  m . Hie  orbital 
period  for  Pluto  is  T - 247.9  y . 
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Execute:  (u)  The  result  follows  directly  from  Figure  1 2. 19  in  the  textbook. 

(bl  The  closest  distance  fc>r  Pluto  is  (1-0.248X5.92x10'^)  - 4.45*  10  *m  . The  greatest  distance  for  Neptune  is 
(1  + 0.010)(4.50x  10  :m»  = 4-55 x 10"m . 

(c>  The  time  is  the  orbital  period  of  Pluto.  T - 24S  y . 

EVALUATE:  Pluto's  closest  distance  calculated  in  part  <a)  is  0.10 x 10'*  m - LOx  10*  km  . so  Pluto  is  about 
ICO  millxm  km  closer  to  the  sun  than  Neptune,  as  is  stated  in  the  problem.  The  eccentricity  of  Neptune's  orbit  is 
small,  so  its  distance  from  the  sun  is  approximately  constant. 


12.3b.  I DEM  in : / where  w..  is  the  mass  ot  the  star,  v 

T 

Set  UP:  3.09  davs  - 2 .67  x 10' s . The  orbit  radius  of  Mercury  is  5.79  x 1 0**  m The  mass  of  our 


ran  II 


1.99x10*  kg. 

Execute:  <u)  7* -2.67x10*  s.  # =<5.79x10**  m>9- 643x10*  m . T - 


Lrr 


• 2 


gives 


4rV 


m — 


4,t*(6.43x  10*  ml' 


- 221x10*  kg  . St^ULso  uy  <=  1.1  Im  . 


^ TG  (2.67xl0  s»i(6.67x|0  '*  N m .kg-) 

2 xr  2jt(6.43x|0v  m>  . Cl  IA*  , 

<b)  v= 1.51x10  ms 

r 2.67x10  s 

Evaluate:  The  orbital  period  of  Mercury  is  88.0  d.  The  period  for  this  planet  is  much  less  primarily  because  the 
orbit  radius  is  much  less  and  also  because  the  mass  of  the  star  is  greater  than  the  mass  of  ixir  sun. 

12.37.  <a)  IDENTIFY:  If  tbe  orbit  is  circular.  Newton's  2nd  law  requires  a particular  relation  between  its  orbit  radius  and 
orbital  speed. 

SET  UP:  The  gravitational  force  exedrted  on  th:  spacecraft  by  tbe  sun  is  f - GmjnJr* , where  ut  is  the  mass 
of  the  sun  and  mu  is  the  mass  of  the  Helios  D spacecraft. 

For  a circular  orbit,  a, — = v,J/r  and  - nrM»'Vr.  If  wc  neglect  all  forces  on  the  spacecraft  except  for  the  fcccc 
exerted  by  tbe  sun.  /’  = £ F - /w„v*/r.  so  Gmimil/r1  - mav*fr 

Execute:  v - jGnyr  - ^<6.673x10  " N m'lg‘'H1.99-  I0‘"  kgl'43»  10' m - 5.6-10*  ml  ^ 56  knit 
EVALUATE:  The  actual  speed  is  71  km's,  so  the  orbit  cannot  be  circular. 

(b)  Idem  IF  Y and  SET  Up:  The  orbit  is  a circle  or  an  ellipse  if  it  is  closed,  a parabola  or  hyperbola  if  open.  The 
orbit  is  closed  if  the  total  energy  (kinetic  t potential!  is  negative,  so  that  the  object  canmt  reach  r —>  x. 

Execute:  For  I ielios  B. 

K - = im„(7l«  10' m*)’  = <2.52x10*  m!/*f  K, 

U i-Ghvn,/r  = Di„(-(6.673xl0  1 NmJ.tg-’)(l  .99x10“  kgl'(43x  10'  m))--<3.C»-IO'  m*V)mH 
E = K *U  =12.52 x 10'  -<3.09x10*  - -(5.7xl0‘  mVlm,, 

Evaluate:  The  total  energy  E is  nrgative.  so  the  orbit  is  closed.  We  know  from  part  (at  that  it  is  not  circular,  so 
it  must  he  elliptical. 

1 2.38.  Idem  IF M Section  12.6  states  that  for  a point  mass  outside  a spherical  shell  the  gravttalioral  force  is  the  same  as 
if  all  the  mass  of  the  shell  were  conrcntrated  at  its  center  It  also  states  that  for  a point  inside  a spherical  shell  the 
force  is  zero. 

SET  UP:  For  r - 5.01  m the  point  miss  is  outside  the  shell  are!  fee  /•  - 4.99  m and  r - 2. 12  m the  poant  mass  is 

inside  the  shell . 


Execute:  <u)(i)  F = 


- (6  67 xlO  " N-m’.'kg"’  )»I«IQ,0  ^Kl-OO  kg' , 53 , „ ,0-  „ . (li)  * ; . 0 . (ui( 
r (5.01  m)‘ 

Fi  a°- 

(b)  For  y < 5.00  m the  force  is  7^10  and  for  r > 5.00  m the  force  is  proportional  to  l/r* . The  graph  of  Fv  versus  r 
is  sketched  in  Figure  12.38. 
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12.39. 


12.40. 


EVALUATE:  Inside  the  shell  the  gravitational  potential  energy  is  constant  and  the  force  on  a point  mats  inside  the 
shell  is  zero. 

F. 


IDENTIFY:  Section  12.6  states  that  tor  a point  miss  outside  a uniform  sphere  the  gravitational  force  is  the  same  as 
it  all  the  mass  of  the  sphere  were  concentrated  at  its  center.  It  also  slates  thit  fee  a point  mass  a distance  r from  the 
center  of  a uniform  sphere,  where  r is  less  than  the  radius  of  the  sphere,  the  gravitational  force  on  the  point  mass  is 
the  same  as  though  we  removed  all  th:  mass  at  points  farther  than  r from  the  center  and  concentrated  all  the 
remaining  mass  at  the  center. 

SKI  L’P:  The  density  of  the  sphere  is  p - - — . where  M is  the  mass  of  the  sphere  aixl  R is  its  radius.  The  mass 


zR 


inside  a volunx  of  radius  r < it  is 


!/,  - pF,  - t ; . r - 5.01  m is  outside  the  sphere  and 


r - 2.50  m is  inside  the  sphere. 

Execute:  (■>(■)  F | -i-^l-(6.67xio  " N -mvkg1 .-5.31  >10'  N. 

r (5.01  m>* 

F‘  ~ —^7—  w - •l,|  ^ ; -<10000kB)|  |j^)  a 125  kg  . 

F -(6.67-10 " N-m-'i g:  l’ ' 2 - k-‘" - ~ 2.67- I0  V N. 

* * <2.50  mV 

_ G\1(rtR)'m  ( GUm  \ _ „ , „ GMm  „ _ , r r.  . , . . 

(h|  j / for  r < ft  and  Fu  - — fee  r > R . The  graph  of  rt  versus  /*  is  sketched  in 

Figure  12.39. 

EVALUATE:  At  points  outside  the  sphere  the  force  on  a point  mass  is  the  same  as  for  a shell  of  the  same  mass  and 
radius.  For  r < R the  force  is  different  in  the  two  cases  of  uniform  sphere  versus  hollow  shell. 


IDENTIFY:  The  gravitational  potential  energy  of  a point  of  point  mavses  is  V - -C . Divide  th:  rod  into 

r 

infinitesimal  pieces  and  integrate  to  find  U. 

SKI  L’P:  Divide  the  nxl  into  differential  masses  dm  at  position  /.  nxasured  from  the  right  end  of  the  rod. 
dm  = dl(ML) . 

Cm  dm  CmM  di 


EXECUTE:  (u>  U - - 


ft* 


L f-tx 


Integrating.  V -<f  | ‘ In  * 1 + !—  . For  x » L . the  natural  loganthm  is  - . and 


V -*  -GmSl  x. 
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12.41. 


12.42. 


12.43. 


„ % r . . . t . , . . _ fiV  GmM  (-£/**)  GmM 

In)  The  v cc:mpiwnl  of  the  gravitational  fcece  on  the  sphere  is  - . with 

* & i (U  (£'»•)>  (x'  + Lx) 

the  nun ik  sign  indicating  an  attractive  force.  As  x » L . the  denominator  in  the  above  expression  approaches  x* . 

and  f4  — * -GmMfx? . as  expected. 

EVALUATE:  When  v is  much  larger  than  L the  rod  can  be  treated  as  a point  maw.  and  our  results  for  V and  Ft  do 
reduce  to  the  correct  expression  when  x » L . 

IDENTIFY:  Find  the  potential  due  to  a small  segment  of  the  nng  and  integrate  over  the  entire  ring  to  find  the 
total  U. 

(a)SErUr: 


Divide  the  nng  up  into  small 
segments  dM.  as  iixltcated  in 
Figure  12.41. 


Figure  12.41 

Exec  ute:  The  gravitational  potential  energy  of  dM and  m is  dU  - -GmdStfr. 

The  total  gravitational  potential  energy  of  the  nng  and  particle  is  U - jdV  - -GmjdMt'r. 

But  r - \Jx' t a‘  is  the  sanv  for  all  segments  of  the  ring,  so 
Gm  e GmM  GmM 

u*~—]dK,-—~7777 

(h)  Evaluate:  When  x »a . ijx3  -t  a'  ->  JP  - x and  V - -GmMIx.  This  is  tb:  gravitational  potential 
energy  of  two  point  mawes  separated  by  a distance  x.  This  is  the  expected  result. 

(c)  IDENTIFY  and  SET  UP:  Use  Ft  - -dUtdx  with  U(x)  from  part  (a)  to  calculate  Ft. 

..  _ dV  d ( GmM 

* A 7777 

f\  - •.  a1)  <r')  “!> 

dx  2 

F%  - -GmMx'ix'  the  minus  sign  means  the  force  is  attractive. 

EVALUATE:  (d)  For  X » a%  < x1  + ->  < x 3 )**  ^ .v1 

Then  Ft  - -GmMx.'x3  - -GmKI'x' . This  is  the  force  between  two  point  masses  separated  by  a distance  r are!  is  the 
expected  result. 

(e)  For  x - 0.  V - —GStmia.  Each  small  segment  of  the  ring  is  tb:  same  distance  from  the  center  arxl  the  potential 
is  the  same  as  that  due  to  a point  charge  of  mats  M located  at  a distance  a. 

For  x - 0.  /*  - 0.  When  the  particle  is  at  the  center  of  the  ring,  symmetrically  placed  segments  of  the  nng  exert 

equal  and  opposite  forces  and  the  total  force  exerted  by  the  nng  is  zero. 

> 

IDENTIFY:  At  the  equator  tbc  object  has  inward  acceVeration  — and  the  reading  w of  the  balance  is  related  to  the 


true  weight  »»•  (the  ur.iv  national  force  exerted  bv  the  earth  I bv  >»;.  — w- . At  the  North  Pole.  a . - 0 and 


SET  Up:  As  shown  in  Section  12.7.  i - 465  m s . - 6.3Sx  10"  m 

Execute:  *•  ^ 875  N and  m - — - 89.29  kit . ^ w,  - — - 875  N - (89.29  kg U' ' - 872  N 

g Ru  6.38xlu  m 

EVALUATE:  The  rotation  of  the  earth  causes  the  scale  reading  to  be  slightly  levs  than  the  true  weight,  since  there 
must  he  a net  inward  force  on  tb:  object. 

IDENTIFY  and  SET  L'P:  Ate  tbe  north  pole.  F - m;,  - mg,,  where  g,  is  given  by  Eq.(  12.4)  applied  to  Neptune. 
At  the  equator,  the  apparent  weight  is  given  by  EqX  12.28).  Tb:  orbital  speed  \ is  obtained  from  tbe  rotational 
period  using  Eq.(  12.12). 


Gravitation  1 2-1.1 


12.44. 


12.45. 


12.46. 


12.47. 


EXECUTE:  <u)  gu  = GmtRl  ^<6.673x10  N m^kgJ)(l.0xl0>‘  kgV(2.5xl0'  m)1  =•  10.7  mb1.  This  agrees  with 
the  value  of  g given  in  the  problem. 

F = w,  _ mgt.  - <5.0  kgX  10.7  msJ)  - 53  N;  this  is  the  true  weight  of  the  object. 

(b)  From  Eq.(23.2S),  vr - w*  - mflR 


r 2rr  2xr  2*(2.SxlO  ml  IA;  . 

f gives  v 2. >21  x 10  m*'s 

v r <16  hX36(X)  %(l  h| 


vVrt  = (2.727x10*  s)\25*10?  m -0.297  ta's* 

Then  w - 53  N -<5.0  kgHO.297  m'f)  ^ 52  N. 

Evaluate:  The  apparent  weight  is  kss  than  the  true  weiuht.  This  effect  is  larger  on  Neptune  than  on  earth. 


iDECTHY:  The  radius  of  a black  hole  and  its  mass  are  related  by  & - 


2 (M 


SETUP:  0.50x10' m.  C = 6/i7xlO  1 Nm'/kg'  and  c-OflOxlO*  m1. 

Execute:  a,  , ^ 3 (:*»>  ^ "**<>•”"  W*  ->  = ,4vlp,,, 

2G  216.67x10  “ N m kg*  I 

Evaluate:  The  average  density  of  the  black  hole  would  be 


3.4x10''  kg 


2GM 


.*  - 6.49 x 10*  ke  rn  We  can  combine  f>  - ——and  R% to  give 


P"CT‘^0.50xlCl  - m,'  ** T^F  ‘s““7 


3cfc 


- The  average  density  of  a black  hole  increases  when  its  mass  decreases.  Th:  average  density 


32«GMf 

of  this  mini  black  hole  is  much  greater  than  the  average  density  of  the  nuarh  mice  massive  black  bole  in 
Example  12.11. 

IDENTIFY  and  SET  l*P:  A black  hole  with  the  earth  s mass  M has  the  Schwarz schikl  radius  R % given  by 
Hq.<  1230). 

Execute:  /?,  mlGMlc*  -2(6.673x1  0 ‘ \ m3/kgsK5.97xl0*  kgV(2.998x  10*  ms)3  *8.865x10  1 m 
The  ratio  of  R. fc  to  the  current  radius  R is  RJR  - 8.865  x 10  * m 6.38  x 10*  m - 1 .39  x 10  \ 

Evaluate:  A black  bole  with  the  earth’s  radius  is  very  small. 

Identify:  Apply  Iiq.<  12. 1 ) to  calculate  the  gravitational  force.  For  a Mack  hole,  the  mass  .1 4 and  Schwarzschild 

radius  £*arr  rvhted  by  liq.f  12.30). 

SET  UP:  The  speed  of  light  is  c - 3.00  x 10*  m s . 

_ , GW™  (4frV2)  01  c‘R 

Execute:  (u> 

(5.00 kg )( 3.00 xlO  m'sft  1.4-10  -ml 

|b)  .350 N. 

2(3.00x10’  m) 

Kr‘  (14.00x10  1 m)  (3.00x10’ 

(c)SolviiigEqjl2J0)fef  M.  M N..V , ' <* 


ZG 


K v all  atl:  The  mass  of  the  black  hole  is  about  twice  the  mass  of  the  earth 


IDENTIFY:  The  orbital  speed  tor  an  object  a distance  r from  an  object  ot  trass  .1/  is  r . the  mass  M of  a 

r 

black  hole  and  its  Schwar/schild  radius  are  related  by  L:q.(  12.30). 

SETUP:  c- 3.00x10*  nVs.  I ly  - 9.461  x l05  m . 

Execute:  <u) 

/Tv2  (7.5  ly  1(9.461  x!0‘*  mMl  200x  I0l  nt's) 

\{ — 4.3x10*  kg -2.1x10  Mv 

G (6.673x10  - N m kg  | 6 % 

(b)  No,  the  object  has  a trass  very  much  greater  than  50  solar  masses. 

(c)  /£.  - ill  - 632  x 10"  m,  which  does  fit. 

c c 

Evaluate:  The  Schwar/^cluld  radius  of  a black  hole  is  approximately  the  san>:  as  the  radius  of  Mercury’s  orbrf 

around  the  sun. 
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12.48. 


12.49. 


12.50. 


IDENTIFY : The  dumps  orbit  the  block  hole.  THeir  speed,  orbit  radius  ond  orbital  period  ore  related  by  v ■ — 

Their  ixbit  radius  ond  period  are  related  to  th:  mss  M of  the  block  hole  by  T - — The  radius  of  the  black 


iM 


hole's  event  horizon  is  related  to  the  mass  of  the  black  hole  by  R.  — 


IGM 


SET  UP:  v = 3.00x|0*  ms.  7*  - 27  h -9.72x10*  s.  c = 3.00x10*  ms. 

_ , , vT  (3.00x|0?  msK9.72xlO*  s) 

Execute:  (u \ r 4 64  x 10  1 m 

It  It 

4*V  4^(4.64x10' m)1  . . . ,n*  . 

(b)  7 - - - gives  Ai 6.26x10  kg  . 

yjGAf  GT3  (6.67x10  M N m kg'K9.72xlO*  s )“ 

,«)«.. 2™,  *6-67'IU  N^lg.^6„0-fci,,s9j2g>|(,m 

c f (3.00x10*  JTi'iY 

Evaluate:  The  black  hole  has  a mass  that  is  about  3x10*  solar  masses. 

Idf.n  I1FY:  Use  liq.|T2.1  > to  find  each  gravitational  force.  Each  face  is  attractive.  In  part  (hi  apply  conservation 
of  energy. 

SET  UP:  Fora  pair  of  masses  m and  nt.  with  separation  r,  6*  - -(». . 

r 

EXECUTE:  (u>  From  symmetry , the  net  grav  itational  force  will  be  in  the  dirccticm  45'  from  the  A*a.\is  (bisecting 
the  v and y axes),  with  magnitude 

<10  kg) 


F - (6.673x10  "N  mWKO.OISOkSl 1— 2- — un  45 

B 6 [(2(0.50  m|')  (0.50  mt‘ 

(b)  Tlie  initial  disploccment  is  so  large  that  the  initial  potential  may  he  taken  to  be  zero.  From  the  woric- energy 

. Canceling  the  factor  of  m ond  solving  for  v,  and  using  the 


y.67  x ID  * N 


theorem.  l^.C  ***» 

2 J2  (0.50  m)  (0.50  m)  I 


numerical  values  gives  v- 3.02x10  m's. 

EVALUATE:  The  result  in  port  l b>  is  independent  of  the  moss  of  the  particle.  It  would  take  the  particle  a long  timr 
to  reach  point  P. 

IDENTIFY:  Use  Eq.l  1 2. 1 ) to  calculate  each  gravitational  force  and  add  the  Ibices  as  vectors. 

(a)  SET  Uf:  The  locations  of  the  masses  an:  sketched  in  Figure  12  50a. 


5 IKI  m 


Section  12.6  proves  that  any  two  spherically 
symmetric  masses  interact  as  though  they 
were  point  masses  with  all  the  mass 
concentrated  at  their  centers. 


",  4.on« 

Figure  12.50a 


The  force  diagram  foe  mt  is  given  in  Figure  12.54H> 

J. 


sm(>-  0.6(0 


Execute:  j <*£1^*2  “ N ^ ^,o^).c.5,k,  ,s„,0  N 

r;,  (4.00  m)- 

_ G . (M7>‘!0-  N n,vkB'KHO.OkgH0.5QOkg>  . |_06jjx10-i»  jj 
• rlT  (5.00  m)' 


fj  =-1.251*10'"  N.  F.  ^0 
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12.51. 


12.52. 


fj4  =-fJ«»0--(I.O68xlO'10  NMO.SOO) - -8.544x10  41  N 
F2%  = +F, nn0^-t(l.O68x|O  ” N)<0.600>-  -t6.4C8x|0  " N 


F.  = FU+Fi%- -1.251x10  w N -8  544x10  " N =-2.105x10  " N 
F mFtp+Fh  = Or  6.408x10* 11  N^t-6.40Sx|0  " N 


Fa ni  its  components  arc  sketched  in  figure  12.50c. 
F - ^f-2 105x  10  11  N>*  + (-*6.408x10  11  N)J 


F a 2.20  x 10  11  N 

F -t 6 408x10'"  N 

tan0  = : 

F -2.105x10  “ X 


= 163° 


Figure  12.50c 


Evaluate:  Both  spheres  attract  the  third  sphere  and  the  net  force  is  in  the  second  quadrant. 

(I>>  SKI  L’P:  For  the  net  force  to  be  zero  the  forces  from  the  two  spheres  must  be  equal  in  magnitude  and  opposite 
in  direction.  For  the  forces  on  it  to  be  opposite  in  direction  the  third  sphere  roust  be  on  the  y-axis  and  between  the 
other  two  spheres.  The  fccces  on  the  third  sphere  arc  shown  in  Figure  12.50d. 

Execute:  Fm  -0  if  Ft  * J\ 

- C^L.C. 

»•  (5.00  m-,r 

60.0  80.0 

"p_”<J.OOm  -ir' 

JkOOv  - ^600(3.00  m - >) 

(^a5  + ^o3)V-(3.00mW603  and  .1-  1.39m 

Thus  the  sphere  would  liave  to  be  placed  at  the  poant  x - 0.  y - 1 .39  ro 

Evaluate:  Fee  th:  forces  to  have  the  same  roigrulude  the  third  sphere  must  be  closer  to  the  sphere  that  has 
smaller  mass. 

Identify:  r - Fr sin# . The  net  torque  is  the  sum  of  the  torqiKS  due  to  each  force. 

SET  UP:  From  lixample  12.3.  using  Newton's  third  law.  the  fences  of  the  small  star  on  each  large  star  are 

/;  - 6.67x10*  N and  F2  *1.33x10*  N . Let  counterclockw  ise  torques  be  positive. 

EXECUTE:  (u)  The  direction  from  the  origin  to  the  point  midway  between  th:  two  large  stars  is 

arctan<P  *P?  ™)  - 26.6%  which  is  rwt  the  an«lc  < 14.6*>  found  in  the  example. 

0.200  m 

< l>>  The  comroon  lever  arm  is  0.100  nv  and  the  force  on  the  upper  mass  is  at  an  angle  of 

45°  from  the  lever  arm.  The  net  torque  is  r = *F, (1.00x1 0°  m)sin45°-  Ffl.OOx  |0‘;  ro)  - -S.SSx  !0i:  Nm, 
with  the  minus  sign  indicating  a c leek  wise  torque. 

EVALUATE:  <c)  There  can  be  rci  net  torque  due  to  gravitational  fields  with  respect  to  the  center  of  gravity,  and  so 
the  center  of  gravity  in  this  case  is  not  at  the  center  of  mass.  For  the  center  of  gravity  to  he  the  san>:  point  as  the 
center  of  mass,  the  gravity  fcecc  on  each  mass  roust  be  proportional  to  the  mass,  with  the  sanx:  constant  of 
proportionality,  and  that  is  not  the  case  here. 

IDENTIFY:  The  gravity  force  for  each  pair  of  objects  is  given  by  Lq.f  12  1 1.  The  work  done  is  W - - At/  . 

SET  L’P:  The  smallest  way  to  apprcuch  this  problem  is  to  find  the  force  between  the  spacecraft  arid  the  center  of 
mass  of  the  earth-moon  system,  winch  is  4.67  x 10*  ro  from  the  center  of  the  earth.  The  distance  from  the 
spacecraft  to  the  center  of  mass  of  the  earth-moon  system  is  3.82  x 10*  ro  (Figure  12.52k  -uif  -5.97x10"  kg, 
mu  *7.35x10”  kg. 
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EXECUTE:  (u)  Using  the  Law  of  (irav  xtation.  the  face  on  the  spacecraft  iv  3.4  N,  an  angle  of  0.61°  from  the 
earth  -spacecraft  line. 

(b)  U - -6  - . U3  - 0 and  r,  - 3.84  x 10*  m for  the  spacecraft  and  the  earth,  and  the  spacecraft  and  the  moon. 

r 

V,n  -kg„i:5.hg:  |^r  s —1 .31  x I0V  J. 

r,  3.84x10*  m 


Sputtruft 


1 2.53.  IDENTITY : Apply  conservation  of  energy  and  conservation  of  linear  momentum  to  the  motion  of  the  two  spikes. 
SET  UP:  Denote  the  25  kg  sphere  by  a subscript  1 and  the  100-kg  sphere  by  a subscript  2. 

EXECUTE:  (n)  Linrar  momentum  is  conserved  because  we  are  ignoring  all  other  forces,  that  is*  the  net  external 
force  on  the  system  is  zero,  lienee.  m,v  - /ir*v> 

<b)  From  the  work-energy  theorem  in  the  form  A' ♦ U - K,  +L\  . with  the  xmtul  kinetic  energy  K - 0 and 


U = -(7 


the  ccciscrvation  of  momentum  relation  m,v  - /i».v\  to 


Gmxm.  [ -L  - -L  j = -i(  m,vf  *f  m>vj  ) . Using 

of  v,  and  simplifying  yields  »' — - — , with  a similar  expressi 

m,  -t  m3  r{  r% 


eliminate  \ . m :avor 


iMi  for  v.  . 


Substitution  of  numerical  values  gives  r(  = 1.63x10  ' mb,  va  - 4.08  x 10  " m s The  magnitude  of  the  relative 
velocity  is  the  sum  of  the  speeds  2.01  x 10  ' mS 

(c)  The  distaixe  th:  centers  of  the  spheres  travel  | .r  and  ,v  ) is  proporticeial  to  thrir  acceleration,  are! 


12.54. 


- — — - — . or  r - 4.r: . When  the  inheres  finally  make  contact,  their  centers  will  he  a distance  of 

2 apm.  or  *,  + x}  -f  2*  - 40  m.  or xi  + 4r3  + 2r » 40  m Thus,  x2  -8m- 0.4/ , and v,  - 32  m - 1 .6r.  The  paint  of 
contact  of  the  surfaces  is  32  m - 0.6r  - 31 .9  m from  the  iiulxal  position  of  the  center  of  the  25.0  kg  sphere. 

EVALUATE:  The  result  xi(x1  - 4 can  also  be  obtained  from  the  conservation  of  momentum  result  thit  — i-. 

v3  mx 

at  c\‘cry  point  in  the  motion. 

Identify:  Apply  F.q.<  12. 12k 

SET  UP:  mk  -5.97x10*  kg 

Execute:  Solving  Eq. (12.14)  for  R.R‘  = Gm,  I—  | 

R - (6.673x10  " S • m’.'kg' K5.97 * 10*  kg)  f - wll  | a5_j,4x|0M  m> 


from  which  r = 3.83x10*  m. 

Evaluate:  The  result  we  calculated  is  in  very  good  agrcenvnt  with  the  orbit  radius  given  in  Appendix  F. 
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12.55. 


12.5^. 


12.57. 


12.58. 


KDEW1F\  and  s*:r  UP:  (a)  To  stay  above  the  sanx  point  on  the  surface  of  the  earth  the  orbital  period  of  the 
satellite  must  equal  the  orbital  period  of  the  earth 
T = 1 d(24  hi  dX3600  si  hi  - S.64x  10*  s 

Fa<  12. 1 4 1 give*  the  relation  between  the  orbit  radius  and  the  penod: 


Euxi  TL:  T - 


r = 


rV 


c"'i 


r:Ga i,  Y'  ( <8  64- 104  5)'(6.673«  10  " N •m,ilo}M5.97xlO;*  kn| 


J.T- 


JF 


4.23-10' m 


This  is  the  radius  of  the  orbit;  it  is  related  to  the  height  h abov  e the  earth**  surface  and  the  radius  Ri  of  the  earth 
by  Thus  h -r- R,  . = 4.23x  10:  m-6.38x!0'  m = 3.59x!01  m. 

Evaluate:  The  orbital  speed  of  the  geosynchronous  satellite  is  2.rrT  - 3080  ms.  Th:  altitude  is  much  larger 
u>d  the  speed  is  much  less  than  for  the  satellite  in  Fxarryilc  12.6. 

(b)Cousi&r  figure  12.55. 


R 6.38 x 10*  m 


L*OS('  — 


(7  = 81.3 


4.23x10  m 


A line  from  the  satellite  is  tangent  to  a point  on  the  earth  that  is  at  an  angle  of  81.3*  above  the  equator  The  sketch 
shows  that  points  at  higher  latitudes  are  blocked  by  the  earth  from  viewing  the  satellite. 

IDEMIFV : Apply  I*|.<  12. 12|  to  relate  the  orbital  period  T and  .1/, , the  planefs  mass,  and  then  use  Eq.(l2.2) 
applied  to  the  planet  to  calculate  the  astnxiaut’s  weight. 

SET  UP:  The  radrus  of  the  orbit  of  the  larxier  is  5.75x10' m + 4.80  x 10' m . 

Execute:  From  Eq.(l2.14|.  T*  and 

4^.  I.t~(5  75 - 1(1'  ,nt4-Sl>-10‘  ml  kg. 

' CT‘  (6.673-10  “N  m-.kg-K5.8-10  »)' 

or  about  half  the  earth's  mass.  Now  we  can  find  the  astronaut's  weight  on  the  surface  from  Eq.l  12.2k  I The  landing 
on  the  north  poJc  removes  any  need  to  account  for  centripetal  acceleration.) 

CM-.  (6.673-10  " N • m1. kg! )( 2.73 1 « 10"  kg  H S5.6  kg ) 


n - 


[4.80x10*  m 


677  N 


Evaluate:  At  the  surface  of  the  earth  the  weight  of  the  astronaut  w ould  be  839  N. 

iDEVnn  : From  I.xamplc  12.5,  th:  escape  speed  is  »•  - . Use  p - Si : V to  write  this  expression  in  terms 

of  p . 

SET  UP:  For  a sphere  V - . 

EXECUTE:  In  terms  of  the  density /i,  the  ratio  Si/R  is  1 4^/3  )pR\  and  so  the  escape  speed  is 
v- ^8<r'3)(6.673-10  " N m;. kg’ ({2500  kg/m‘)(  150- 10‘  m | =177  m s. 

Evaluate:  This  K much  less  than  the  escape  speed  for  the  earth.  1 1 ,200  ms. 

I DEN  : From  I.xamplc  12.5,  th:  escape  speed  is  v = P - M ^ wtite  this  expression  in  terms 

of  p . On  earth,  the  height  h you  can  jump  is  related  to  jour  Jump  speed  by  t - •J-y.h  For  part  (b),  apply  l:q.(  12.4) 
to  Furopa. 

SET  UP:  For  a sphere  V - ±xR' 
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12.59. 


12.60. 


EXECUTE:  p - Si . (L.tiV  ) . so  the  cxoyic  speed  can  be  written  at  v - “ . liquating  tbc 


two  expressions 

for  v arxl  squaring  gives  2gh pGR*.  or  R’ — . where  g -9.K0  in's*  is  tor  the  surface  of  tbc  earth,  not 

3 pG 

the  asteroid.  Estimate  ft  - I m t variable  for  ditVerent  people,  of  court?).  R - 3.7  km.  Tor  Europa. 

GM  4 xpRG  3 g 3(1 33  mV) 


r 


, - = 3.03x10*  kg/m 


R’  3 4 zRG  4.r(I.S7xlO  m>6.673*IO  " N m lg  ) 

EVALUATE:  The  earth  has  average  density  5500  kg  m* . Tlx  average  density  of  Europa  is  about  half  that  of  the 
earth  but  a little  larger  than  tbc  average  density  of  most  astcroods. 

iDt.vim  and  SEE  L’P:  Tlx  observed  perxid  allows  you  to  calculate  the  angular  velocity  of  the  satellite  relative 
to  you.  You  know*  your  angular  velocity  as  you  rotate  with  tbc  earth,  so  you  can  find  the  angular  velexity  of  tlx 
satellite  in  a space- fixed  reference  frame,  v - rw  gives  the  orbital  sfxcd  of  the  satellite  and  Newton’s  second  law* 
relates  this  to  tbc  oebit  radius  of  the  satellite. 

Execute;  (a)  The  satellite  is  revolving  west  to  catf.  in  the  sanx  direction  the  earth  is  rotating.  If  the  angular 
speed  of  the  satellite  rs  and  the  angular  speed  of  the  earth  is  . the  angular  speed  cotA  of  tbc  satellite  relative 
to  you  k 

revX'(l2  h)  -(-r)  iwh 
"i  =(tt>  rev.h 

fa  - + - (il  rev.h  -2.18x10  ‘ ndts 


y A*  - tua  sa>s  G 


mwi 


- ill—  and  with  v - rto  this  gives  r = r - 2.03  x 10  m 

r to’ 

This  is  the  radius  of  the  satellite’s  orbit.  Its  bright  h above  the  surface  of  tbc  earth  is  h - r - Ri  - 1 .39  x 10  m. 
EVALUATE:  In  part  ta)  the  satellite  is  revolving  faster  than  tbc  earth’s  rotation  and  in  part  |b)  it  is  revolving 
slower.  Slower  v and  co  means  larger  oebit  radius/*. 

(b)  Now  tbc  satellite  is  revolving  opposite  to  the  rotatxm  of  the  earth.  If  west  to  east  is  positive,  then 
«<-n) rcvh 

fa4  *ta^+a\  = <-J->  nvli  - -7.27  x 10  ‘ rad  s 


r* 1-  gives  /*- 4.22x10  m and  h -3.59x10 


to’ 

IDENTIFY:  Apply  the  law  of  gravitation  to  the  astronaut  at  tbc  north  pole  to  caVrulatc  tbc  mass  of  planet . Then 
apply  Yf  - ma  to  tlx  astronaut,  with  atti  - - ^ ■ *■ . toward  the  center  of  tlx  plinct.  to  calculate  the  period  T. 
Apply  Eq.l  12.12)  to  the  satellite  in  onto  to  calculate  its  orbital  period. 

SET  UP:  Get  radius  of  X:  i(  2.rtf ) - 18.850  km  and  R - I.20x  10  m . Astronaut  mass: 

m_to 943  N _962  kft. 

g 9.80  ms* 

Execut*  ^L-w.whc«»-91  SON.  *-!=*£. M™**™*^ 3 205.10*  k8 

R’  ' Gm  (6.67x10  “ N m kg*  #96.2  kg) 

Apply  Ncwlon's  second  bw  to  astronaut  on  a scale  at  tlx  equator  of  X.  Fpmt  - . so 

4x’mR 


r -A 


|l»)  I* or  the  satellite 


™ . 915.0  N -8S0.0  N * "»  and  T - 2.65  .I0V|  -L2_ | , 7.36 1 . 

r r 1 3600  s ) 

. r,  I^J.-  + I,».90.|0‘,a2.47 

V Gmx  y (6.67x10  " NnT.kg*  #2.05x10”  kg) 


i*  Mt; 


EVALUATE:  The  acceleration  of  gravity  at  tlx  surface  of  the  planet  is  gv  — — - 9.51  m s* . similar  to  tbc 

value  on  earth.  The  radius  of  the  planet  is  about  twice  that  of  earth.  The  planet  rotates  more  rapidly  than  earth  and 
tlx  length  of  a day  is  about  one-third  what  it  is  on  earth. 
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12.61. 


12.62. 


12.63. 


I2.M. 


IDENTIFY:  Use  g - / and  follow  the  procedure  .specified  in  the  problem. 

K 

SETUP:  Ri  ^6.38xl0‘  m 
EXECUTE:  The  fractkxml  error  is  1 - 


— i-_L-ii?  WiK/e.i. 

GmmAl/R,  -!/<*,  + h)\  Gm . 


Using  Eq.l  12.4)  for#  tb:  fractional  ditTcxcncc  is  l-(J^  rh  )/Ri  - -6:/?* . so  if  the  fractional  difference  is  -1%  . 
k^(0.0\)Rt  -6.4*  10*  m. 

Evaluate:  For  h - I km . tb:  fractional  error  is  only  0.016%.  Eq.(7J)  is  very  accurate  for  tb:  motion  of  objects 
near  the  earth's  surface. 

IDENTIFY:  Use  the  measurements  of  the  motion  of  the  rock  to  calculate  . the  value  of#  on  Mongo.  Then  use 
this  to  calculate  the  mass  of  Mongo.  For  the  ship.  Fg  - itkj^  and  7* . 

SET  UP:  Take  \ upward  When  tb:  stone  returns  to  the  ground  its  velocity  is  12.0  m's.  downward.  gu  - (7—4 

Tlte  radius  of  Mongo  is  - - — - - 3. 18  x 10  m . The  ship  moves  in  an  orb«t  of  radius 

r = 3.l8xl0’  m + 3.00x10’  m«4IBxl01  m. 

Execute:  <u>  v4>  - + 12.0  ms  , ir  - -12.0  ntS  , u-  -gu  and  / - S .00  s . v.  - v«  + at  gives 


_ -12.0  m s -12.0  m s 
t 


i.i 


and  gH  -3.tX>  m s* . 


11 ' ‘ V ‘ !.  ,, 

G 6.673x10  " N • m kg 


(h)  A*  - rna%u  gives  G — -«i — and  r* — . 


lsrl 


2t(6.I8x  10  m);: 


2rr  i r 

* — - — - 2jzy  >■  — i-  ■ i i 

v \)Gmu  jCm*  J| 6.673 x 10 " N m*.'kg*K4.55xl0“n  kg> 


T ^ 5.54x10*  * - 15.4  h 


7.6 


EVALUATE:  KVI  - 5.1  )/Ct  and  mM  - 7.6m,  . so  gu  - -—rgi  - 0.30#,  . which  agrees  with  tb:  value  calculated 

in  part  (a). 

IDENTIFY  and  SET  UP:  Use  Eq.<  12.2)  to  calculate  the  gravity  force  at  each  location  For  the  top  of  Mount  Everest 
write  r-A+  /(  aixl  use  the  fact  tbit  h « R>  to  cbtain  an  expression  for  the  difference  in  tb:  two  fences. 


EXECUTE:  At  Sacranxnto.  the  gravity  force  on  you  is  A]  - G—J- 


At  the  top  of  Mount  Everest,  a height 

f \ - <;  """■  . - <;  , ”"l‘ — - 
1 </L+A)’  K‘M-hRj 


m above  seal  level,  the  gravity  force  on  you  is 


EVALUATE:  The  change  in  the  gravitational  force  is  very  small,  so  for  objects  near  the  surface  of  the  earth  it  is  ; 
good  approximation  to  treat  it  as  a constant. 

Identify:  Apply  Eq.(  12.9)  to  the  pulicle-caith  and  particle -moon  systems. 

SET  UP:  When  the  particle  is  a distance  r from  the  center  of  tlte  earth,  it  is  a distance  Riyt  — r from  the  center  of 
the  moon. 
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12.66. 


12.67. 


EXECUTE:  <u>  The  total  gravitational  potential  energy  in  this  model  is  U - -</w  


v 


(b>  See  Exercise  12.5.  The  point  where  the  net  gravitational  force  vanishes  is  r - 


'• 


-3.46-10’  in. 


I t 

Using  this  value  for  rin  the  expression  in  part  <a)  and  tlie  work -energy  theorem,  including  the  initial  potential 
energy  of  -Gm{mlSRi  + - /J, ))  gives  11.1  km/s. 

(c>  Tlie  final  distance  from  the  earth  is  not  Ru  . but  the  Earth-moon  distance  minus  the  radius  of  the  moon,  oc 
3Tt23x  10*  m.  from  the  work-energy  theorem,  the  rocket  impacts  tlie  moan  with  a speed  of  2.9  km's. 

Evaluate:  The  spacecraft  his  a greater  gravitational  potential  energy  at  the  surface  of  the  moon  than  at  tlie 
surface  of  the  earth,  so  it  reaches  the  surface  of  the  moon  with  a speed  that  is  less  than  its  launch  speed  on  earth. 
iDKVim  and  S*:r  L’P:  First  use  the  radius  of  the  orbit  to  find  the  initial  oibital  speed,  from  Eq.(l2.10)  applied  lo 
tlie  moon 

Execute:  v ^ jGm'r  are!  r - r /j  - 1.74x10*  m+  500x10'  m = 1.79x10*  m 
<6.673^io  77  N mW)(7J5xlO”  kgt 


Thus  v — 


1655x10*  nvs 


1.79x10*  m 

After  the  speed  decreases  by  20.0  mi's  it  becomes  1.65Sx  10*  m's  - 20.0  m*'s  - l.635x  10*  m s. 

Iden  I11Y  and  S*:r  L'P:  Usic  conservation  of  energy  to  find  the  speed  when  the  spacecraft  reaches  the  lunar 
surface. 

A'.+U’.  + W'*,  xfCi+Ut 

Gravity  is  the  only  force  that  dors  work  so  - 0 and  K1  = A,  +£/,  -6\ 

Execute:  Ux  - -Gmjrir,  L\  - -Gmjnl  R% 

- «!•:  - rim;  -V r) 


A iui  I be  nuu  in  divides  out  lit  give  i,  - Nl>,'  f 2Cm„(l//f.  - IV) 

v,  = 1682x10'  m«l  km  1000  m* 3600  *1  h)-6060km1i 

EVALUATE:  Alter  the  thruster  fires  the  spacecraft  is  moving  too  slowly  to  he  in  a stable  orbat;  the  gravitational 
force  is  larger  than  what  is  needed  to  maintain  a circular  orbit.  The  spacecraft  gains  cr>rrgy  as  it  is  accelerated 
toward  the  surface. 

Iden  iipn  : v - 0 nvans  the  apparent  weight  is  zero,  so  a . - 9.80  m s* . a . — 


SET  L’P:  The  radius  «f  the  earth  is  /?.  - 6.38  x 10"  m 


Execute:  T - 2r  I—  - 5.07  X I0‘  s.  which  is  84.5  mm.  or  about  an  hour  and  a hilf. 

K 

EVALUATE:  At  the  poles,  g would  still  he  9.S0  ms: . 

Iden  iipn  and  Stir  UP:  Apply  conservation  of  energy.  Must  use  Eq.f  I2.9|  for  the  gravitational  potential  energy 
since  /i  is  not  small  compared  to  R . 


As  indicated  in  Figure  12.67. 
take  point  1 to  he  wlxre  the 
hammer  is  released  and  point  2 
to  be  (ust  above  the  surface  of 
the  earth,  so  i;  -R  r h and 

r>  * 


Execute:  a,  + vx  + - K.  + b\ 

Only  gravity  decs  work,  so  M[4m  - 0. 

f\  AtR  A 


OflUKi 
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12.6$. 


12.69. 


12.70. 


Thus.  -<t 


.Irnj-ffS 


luff.  2 


— - 


267l». 


\R,  Wl-/t  -)- 


267w.  A 


M*.  ♦*> 


2Gm<A 


*.<*.♦*> 


Evaluate:  If  ft  -*  x>,  v\  — * . which  equals  the  escape  speed.  In  this  limit  this  event  is  the  reverse  of  an 

direct  being  projected  upward  front  the  surface  with  the  escape  speed.  If  ft  <.  Rt . then  v}  — ^lOrn^'R^  - ^’2g/i.  the 
same  result  if  used  !:q.(7.2)  for  U. 

iDKVlin : In  orbit  the  total  mechanical  energy  of  the  satellite  is  £ - ■ . U - . W 

-Ri  r 

SET  UP:  U ->0  as  r ->  m . 

_Qt  Li 

Execute:  <u>  The  energy  the  satellite  has  as  it  sits  on  the  surface  of  th:  Earth  is  £,  - — — — - . Th:  energy  it  his 

K 

when  it  is  xn  orbit  at  a radius  R » Rx  is  Ex  - — J ^ * * The  week  needed  to  put  it  in  orbit  is  the  difference  between 

lhc*e:  »•-£-£ -£=2L. 

1 2ff. 

(hi  Tlic  total  energy  of  the  satellite  far  awav  from  the  I'arth  is  zero,  so  the  additional  work  needed  is 


0- 


1 _ Gm.lf 
2R 


l 2Rt  / —i 

EVALUATE:  (c)  The  work  needed  to  pul  the  satellite  into  ccbit  was  the  some  as  the  work  needed  to  put  the 
satellite  from  orbat  to  the  edge  of  the  universe. 

Idemify:  At  the  escape  speed.  E - K ♦ V - 0 . 

SET  UP:  At  the  surface  of  the  earth  the  satellite  is  a distance  R.  - 638x10*  m from  the  center  of  the  earth  and 


distaixc  R . - l.SOx  10"  m from  the  sun.  live  orbital  speed  of  the  earth  is 


2.T  R 


.where  T -3.156x10  s is  the 


cirfotal  period.  The  speed  of  a point  on  the  surface  of  the  earth  at  an  angle  ^ from  the  equitor  is  v - 
where  T - 86.400  s is  the  rotational  period  of  the  earth. 


2.zR.  cos  l 


Execute:  (u)  The  escape  speed  will  be  v - ^|26j  | - 4.35x10*  m's.  Making  the  simplifying 

assumption  that  the  direction  of  launch  is  the  direction  of  the  earth’s  motion  in  its  orbit,  the  speed  relative  to  the 

center  of  the  earth  is  t 4.35  x 10*  m's-  - — ! — -1 .37x10*  ms. 


(b)  The  rotational  speed  at  Cape  Canaveral  is 


(3.156x10  s) 
2^(6.38x10*  m)cos  28 5: 


4.09x10*  m s.  so  the  speed  relative  »o 


86.400  s 

the  surface  of  the  earth  is  1.33x  104  ms. 

(O  In  French  Guiana,  th:  rotational  speed  is  4.63  x 10'  m's.  so  the  sp>^3  relative  to  the  surface  of  the  earth  is 
1.32 x|04  m/s. 

EVALUATE:  The  ccbital  speed  of  the  earth  is  a large  fraction  of  the  escape  speed,  hut  the  rotational  speed  of  a 
poant  on  the  surface  of  the  earth  is  much  less. 

I DEV  n tv : From  the  discussion  of  Section  12  .6.  the  force  on  a point  mass  at  a distance  r from  the  center  of  a 
spherically  symmetry  miss  distribution  is  the  same  as  though  we  remov  ed  all  the  miss  at  paints  farthrr  thin  r 
from  the  center  and  concentrated  all  the  remaining  mass  at  the  center. 

SET  UP:  Th:  mass  .1/  of  a hollow  sphere  of  density  p . mner  radius  /?,  and  outer  nidius  R:  is  A/  - plxiRt  - R ' ) . 
From  Figure  12.9  in  the  textlxiok.  the  imvr  core  has  outer  radius  1.2x10*  in  . inner  radius  zero  and  density 
1.3x10*  kg/m  . Hie  outer  core  has  inner  radius  1.2x10*  m . outer  radius  3.6x10*  m and  density  1.1x10*  kg'm  . 
The  total  mass  of  th:  earth  is  m - 5.97  x 10*  k«  and  its  radius  is  Rk  - 6 38  x 10*  m . 
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12.73. 


i\r-' 


and  outer  cores  contribute  to  th:  farce 


Execute:  (u)  Ft  — -(10.0  kgM9.SOm/sJ)^98.0  N . 

K 

|b)Thc  mass  of  the  inner  core  is  -/tf)  - (IJx  10*  kg  m'>4;r(1.2x  10*  m)4  -9.4  x |0:'  kg  . The 

of  the  outer  core  is  mM  -0  1x10*  kg/m*)4*([3.6xlO* m f -[1.2x10*  m]4)- 2.1x10*  kg  . Only  the  inner 

. A* -(6.67x10  11  N mVkgV^  ^11^  kg  *-2.1  *10  * kgKlO.O  kg>  _ , |Q  N 
• * (3.6x10*  mi- 
le) Only  the  inner  core  contributes  to  the  force  and  A - (6.67  x 10  ‘ N m*/kg*  ^ **  1 1 - 44  N . 

(cl > At  r- 0,  t\  -0 . 

EVALUATE:  In  this  model  the  earth  is  sphcrxallv  syinnxtric  but  not  uniform.  so  the  result  of  Example  12.10 
doesn't  apply.  In  particular,  the  force  at  the  surface  of  the  outer  core  is  greater  than  the  force  at  the  surface  of  the 
earth. 

IDENTIFY:  liq.f  12.121  relates  orbital  period  and  orbital  radius  for  a circular  or  bat. 

SET  UP:  The  miss  of  the  sun  is  .1/  - 1.99  x 10;*  kg  . 

EXECUTE:  <u)  The  period  of  the  asteroid  is  T - ^ — . Insetting  3x  10  1 m ford  gives  2.84  y and  5x  10"  m 

GM 

gives  a period  of  6. 1 1 y. 

(b)  If  the  period  is  5.93  y.  thena  - 4.90  x 10"  m. 

(c>  This  happens  because  0.4  - 2/5.  another  ratio  of  integers.  So  once  every  5 orbits  of  the  asterood  and  2 orbits  of 
Jupiter,  the  asteroid  is  at  its  perijove  distance.  Solving  when  T = 4.74  y,  a a 4.22 x lO1  m. 

Evaluate:  The  ccbit  radius  for  Jupiter  is  7.78  x 10"  m arc!  fee  Mars  it  is  2.21  x 101 4 m . The  asteroid  belt  lies 
between  Mars  and  Jupiter.  He  mass  of  Jupiter  is  about  3000  times  that  of  Mars,  so  the  effect  of  Jupiter  on  th: 
asteroids  rs  much  larger. 

IDENTIFY:  Apply  the  work -energy  relation  xn  the  form  IT  - A E . when:  E - K +U . flic  speed  v is  related  to  the 
orbat  radius  by  I :q.(  12. 10». 

SETUP:  m,  -5.97x10"  kg 

EXECUTE:  (u)  In  mavmg  to  a lower  orbit  by  whatever  means,  gravity  does  positive  week,  and  so  th:  speed  docs  uxrease. 
(b)  v - ( Gmk )'  V'  *\  so  Ar  - [Gmt ) 1 j V ‘ jj—r-  Notc  lhal  a Fos*,ive  Ar  is  given  as  a 

ilrcrc&tc  m radius.  Similarly,  the  kinetic  energy  rs  K -(l/2)nn‘‘  -IV2)(imtmlf . and  so 


AK  -(l/2)(Cra,M^  )Ar  and  AU  - -{Gm^r^Ar . 

H'  - AC  + AK  - -(CtIjM/Zp*)  Ar 

<c)  v - jG*,lr  - 7.72  * 10' m *.  \ A.  -( A»''2)%l ^ 2K.9  nv<  F.  - -Gm^m.'Zr  - -K.9S*  10"  J (from  Eq.(  1 2. 15)1. 


AK  - (<7m,.iw.'2i-!|<A»  |-6.70xl0' J.  AU  - -2AK --IJ4*  I0V  J . and  »'  - -AA'  - -6.70xl<f  J. 

<«1  F As  the  term  "burns  up"  suggests,  the  energy  is  converted  to  heat  or  is  dissipated  in  th:  collisions  of  the  debris 
with  the  ground. 

EVALUATE:  When  r decreases.  K increases  and  U decreases  (becomes  more  negative). 

IDENTIFY:  Use  liq.l  1 2.2)  to  calculate  Ft.  Apply  Newlon's  2nd  law  to  circular  motion  of  each  star  to  find  the 
orbital  speed  and  period.  Apply  the  conservation  of  energy  expression.  Eq.(7. 13).  to  calculate  the  energy  input 
(work)  required  to  separate  th:  two  stars  to  infinity. 

(a)  SET  UP:  The  cm  is  midway  between  the  two  stars  since  they  have  equal  masses.  Let  R be  the  oxbit  radius  for 
each  star,  as  sketched  in  Figure  12.73. 


The  two  stars  arc  separated  by  a distarxc  2/?. 
so  Ft  - GAf^'ilRy  - G\f3>'tR: 


Figure  12.73 
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12.74. 


12.75. 


<b)  Execute;  fv  - 

CM1t4Ri  -.l/(vVA)  so  v - ^GUAR 

And  T - hrR/v  = 2zR>jAR<GM  - 4.7  Jr'.'GM 

(c>  SET  Up:  Apply  A',  + Ux  -t  W' - A,  ■*  L\  to  the  system  of  the  two  stow.  Separate  to  infinity  implies  K}  - 0 
and  C/,-0. 

Execute:  A,  =±Af\A  + i,l/rs  = 2<4A/XGA/4A)  - GMltAR 
U{  - -GA/*' ’2A 


Thus  the  energy  required  it  - -{A,  + (/,)  = -<GAf  AR  - G\r.'2R\  - GM4R. 

EVALUATE:  The  eloter  the  stars  arc  and  the  greater  their  mat*,  the  larger  tbeir  orbital  speed,  the  shorter  their 
cufatal  period  and  the  greater  the  energy  required  to  separate  them. 

iDEAlltT : In  th:  center  of  mats  coordinate  system,  r ’um  - 0 . Apply  F - m a to  each  star,  where  A*  is  the 
gravitational  force  of  one  star  on  the  other  and  a - a . - — - — 


Lt  R 


SET  L P:  v = allows  R to  be  calculated  trum  v and  /. 

T 

Idevhev:  (a)  The  radii  A,  and  R:  are  measured  with  respect  to  the  center  of  mass,  and  so  A/,/?,  - A/ .A,,  and 

(hi  The  forces  on  each  star  arc  cquil  in  magnitud:.  to  the  product  of  the  mast  and  the  radial  accelerations  arc 

equal:  _ ■-  > "•  Ike  rc<ull  part  (&).  the  numerators  of  these  expressions  are  equal,  and  so  the 

denominators  arc  equal,  and  the  periods  are  the  same.  To  find  the  period  in  the  symmetric  form  desired,  there  arc 
many  possible  routes.  An  elegant  method,  using  a bit  of  hindsight,  is  to  use  the  above  expressions  to  relate  the 

periods  to  the  force  Fv  - — - . so  that  equivalent  expressions  for  the  penod  arc  \1T'  and 

M,T>m^l5L.  Adding  the  ctixmicm  gives  (A/.  r M,)T‘ 

(cl  Firs!  we  must  find  the  radii  of  each  orbit  given  the  speed  and  period  data.  In  a circular  orbit. 

V - 2EK.  « * - iL . Thu,  * , = (,78xltf.  „ 

r 2.T  2.T 

Jl,  * Ii:  1,1  , 26-  10.,  m Nott.  find  tKe  4um  of|bc  ^ Uw  jnd 

4.r -<Af  t-ff,)1 

the  lad  lh.il  l(,  - 3Af,,<A/#  » .I/,) . . 1 . inserting  the  valiK*  of  T.  ami  the  radii  This  give* 


4.r;l6.7S«IO"m- 2.26x10"  ml' 


[<137  d|(!tt.400*  d|J  (6.673xl0  " \m  W i 


, t M,  - J.I2x  I0‘  kg.  Since 


.1/,  ^A/.tf.  ./?,  -3.W..  4M. -3. 12x10"  kg.  or  M.  =780x10"  kg  and  Mf -2.34XI01"  kg  . 

(<l)  Let  a refer  lo  the  star  and  fi  refer  to  the  black  hole.  Use  the  relationships  derived  in  parts  l a l and  lb): 


Rk  )Rm  = (0.67/3.R)A  -(0.1 76) A 


A ^ R . - i ^ . Fee  Monocerotis.  inserting  the  values 


for  A/  and  T and  Rk  gives  A.  - 1.9*  I0V  m.  i’.  - 4.4x10*'  km  sand  for  the  black  hale  Rt  =34x10*  m.  = 77  km's 
Evaluate:  Smcc  T is  the  sanx.  r is  smaller  when  R is  smaller. 

IDENTIFY  and  SET  UP:  Use  conservation  of  energy.  A,  +(/,  -f  - A,  +b\.  The  gravity  force  exerted  by  the 
sun  is  the  oily  force  that  docs  work  on  the  comet,  so  = 0. 

Execute:  a,  -4*hv;\  i\  = lOxio4 
Ux  = -6w,m.'i;.  rt  = 2.5  x 10“  m 
A%  = imK 

U.  - -Gay  m.’j;,  r = 5.0 x 10”  m 


ms 
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12.76. 


12.77. 


12.78. 


tHII'i"  - Gm./n  'rl  - imrj  - Gnijfir. 


* = J.2Gm. 


I-lW+ZG*,  111 


\\  = 6.8xl04  ms 

Evaluate:  The  comet  has  greater  speed  when  it  ix  closer  to  the  sun. 

IDEYI1FY:  Apply  canxcrvatxm  of  energy. 

SET  UP:  Let  »iM  he  the  maw  of  Mars  and  A/.%  he  the  maw  of  the  sun.  The  subscripts  a and  p denote  aphelion  and 
perihelion 


Execute: 


fr5Qxm4 


nvs. 


EVALUATE:  We  could  instead  use  conservation  of  angular  monxntunv  Note  that  at  the  extremes  of  distance 
(pcrihrlcion  jnd  aphelion),  Marx’  velocity  vector  must  he  perpendicular  to  itx  radius  vector,  and  so  the  magnitude 
of  the  angular  momentum  is  L - mrv . Since  L is  constant,  the  product  rv  must  he  a constant,  and  so 

v,  - v — - (2.198x  104  ms ) ■ ~ — _ — - 2.650*  10*  m s . Marx  has  larger  speed  when  it  is  closer  to  the  sun. 

(a)  IDENTIFY  and  SET  Up:  Use  Iu|.(12.17).  applied  to  the  satellites  orbiting  the  earth  rather  than  the  sun. 
Execute:  find  the  value  of  a for  th:  elliptical  orbit: 

2fl=r +r  - ilj+^t/1,  ♦ k^,  where  A and  hf  are  the  heights  at  apogee  and  perigee,  respectively. 

+ (A  -i\V2 

0=6.38x10*  mr (400x10*  m -.4000-10'  mV2  =8.58x10*  m 

r-4sl-  !*■£ 7.91.10'  i 

jGAic  ^<6.673  xIO"41  x ID*4  kg) 

(b)  Conservation  of  angular  momentum  gives  rB\\  - rpv9 
v r 6.38  x10*  m-f  4.00x10*  m 


rs  r 6.38x10  m + 4.00x10  m 


-1.53 


(c)  Conservation  of  energy  applied  to  apogee  and  perigee  gives  Ks  + Lr#  - K f +U  f 
- C«4flt/r  - 4*rm^  - Cirrfcm'r 
'i  - »1  - 2<;m,  (1  lrr  - Hr. ) , 2Cm,(r.  - r, )/Vf 
But  v,  -l  .S32v4.  so  1347^  =2 Gmt(rs  -rJ!rjrp 
\\  - 5.51  x |0;  m's.  v9  = 8.43x10*  m s 
(cl)  Need  »•  so  that  E - 0.  where  E - K + U. 
it  reritfcc:  - Gmtm>'rf  - 0 

v - J2GHK/r,  - ^2(6.673x10  " N in  .kg*K5.97xl0'*’  kgP’6.78x  10* m s 1.084*  I04  mS 

Tlus  means  an  increase  of  1 .084  x I04  m s - 8.43  x 10  m x - 2.41  x 10*  m s. 


it  arc  tree:  v.-^2  Gmfc.'r.  = ^2(6.673x10  " N m*.kg*  X5.97  x 10j4  kg),’l.038x  10  m ^8.761x10’  ms 
This  means  an  increase  of  8.761  x 10'  m x- 5.51x10*  m s -3.25x10’  ms. 

EVALUATE:  Perigee  is  more  efficient.  At  thrs  point  r k simllcr  so  »•  ix  larger  and  the  satellite  has  more  kinetic 
energy  and  nxirc  total  energy. 

IDI.M1FY:  g — . where  A/  and  R arc  the  mass  and  radtux  of  the  planet. 

SET  L’P:  Let  «i(  and  Rx  he  the  maw  and  mdius  of  IJranus  and  kt  g{  h:  th:  accclcratxm  due  to  gravity  at  its 
poles.  Th:  orbit  radius  of  Miranda  is  r - ik  ♦ . where  h - 1 .04  x 10*  mis  the  altitude  of  Miranda  above  the 

surface  of  Uranus. 

Execute:  (u)  From  the  value  of  g at  the  poles. 


G (6.673x10  “ N m'/kg*  I 
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12.79. 


12.80. 


12.81. 


|b)  G™,V  = *„(«»' -0.432  mV . 

(c > Gm^R*  - 0.080  m1*1 . 

Evaluate:  (d)  No.  Ifoth  the  chject  and  Miranda  an:  in  orbit  together  around  l .'ranus.  due  lo  the  gravitational 
force  of  Uranus.  The  objecl  has  additional  fonre  toward  Miranda. 

IDEN  lin  and  SET  U P:  Apply  conservation  of  energy  < Eq.  7. 1 3)  and  solve  for  8^.  Only  r-h  + R^  is  given,  so 
use  n«K  1 1 1 0)  to  relate  / and  v. 

Exec  itt:  Kx  + Vx  + \VM  ^ AT,  ♦ 

t/i  - -Gmum'rt.  where  «M  is  the  mass  of  Mars  and  >\  - Ru  til,  where  AVI  is  the  radius  of  Man  and 
*-2000*  I0‘  m 

u, - -(6.673* .o ••  n . m-Mg- . -2.3*0. *» » 

1 D 3.40xl(P  m-t  2000x10*  m 

U1  — -Gin where  r2  is  the  new  orbit  radius. 

f/, --(6*73*1 0~ 11  N-.i»lg>)  w°°y  —.Bfa.r  , 

3.40.10*  m. 4000*10' m 

For  a circular  orbit  v - ltq.112.10).  »ilh  the  mass  of  Mart  ratlKi  than  the  mats  of  the  euth). 

Using  this  give*  K - imi’  - ) -4C/ni„ntr.  so  A'  - - At1' 

K - -i f,  = -.1.190*10"  J a i*l  A',  - -4 U.  - .8.685*10''  J 
Then  K,  .6’,  . - A\  . (A  gism 

WM  =(A'.  - A',).((/j  -f/,)  = (8.685  *10'  J - 1.190*  10”  J). <-2.380*  10"  1 . 1.737*10"  I) 

=-3.215*10*  3.6430*10'  J =3.22*10"  J 

EVALUATE:  When  the  orbit  radius  increases  the  kinetic  coergy  decreases  and  the  gravitational  potential  energy 
increases.  K - -l’/2  so  E - K + U = -Ufl  and  the  total  energy  also  increases  (becomes  less  ixgativcl.  Positive 
work  must  be  dene  to  increase  the  total  energy  of  the  satellite. 

IDEVIIFV  and  Srr  IP:  Use  tq.(l2l7)  lo  calculate  a.  T -30,000  y(3.1S6x!0’  s'l  y)-9.468*IO"  s 

Execute:  Eq.(l2.!7):  T' -i£±. 

.la^  Cm, 


4x, 


4,7 


ID 


Evaluate:  The  average  orbit  radius  of  Pluto  is  5.9  x 101’  m (Appendix  F(:  the  semi-major  axis  for  this  comet  is 
larger  by  a factor  of  24. 

4.3  light  years  - 4.3  light  ycoi%(9.46lx  10*'  in  1 light  war)  - 4.1  x 10  * m 
The  distance  of  Alpha  C’cntauri  is  larger  by  a factor  of  300. 

The  orbit  of  the  comet  extends  well  past  Pluto  but  is  well  within  the  distanre  lo  Alpha  Centauri. 

IDENTIFY:  Integrate  dm  - pdV  to  find  the  mass  of  the  planet.  Outsxlc  the  planet,  the  planet  behaves  like  a point 
mass,  so  at  the  surface  % - GM(R J . 

SET  L’P:  A thin  spherical  shell  with  thickness  dr  has  volume  dV  - Ajzr'dr  . The  earth  has  radius 
-6.38x |0‘  m. 

Execute:  Cid  M : M * j dm  - J pdV  - ( pixr'dr.  The  density  is  p-p0-hr.  w here 
pt  - 15.0 x 10*  kg  m*  at  the  center  and  at  the  surface,  fa  - 2.0x  10*  kg  m* . so  b - f ■'  ^ * 

u - If  (p.  -*rl  40-'*  - tlpjt1  - *W? 1 = A I Ip,  * Pl)md  U -5.71*  1 0**  kg. 


Then  g - 


fi.w  <;ba‘(4 


g -x|6.38xl0*m)( 6.67x10  1 N m3.kgJ)j  - 2.0x10  kg.m  |. 

e =9.36  ms\ 


3 
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12.82. 


12.83. 


12.84. 


Evaluate:  The  average  density  of  the  planet  is  p€  - — — — ! — — — 5.25  * 10'  lea  n1 . Nw 

that  this  is  not  (/*„  + /\>/2 . 

IDEM  in  and  SET  UP:  Use  Eq.(  1 2. 1 ) to  calculate  the  (one  between  the  point  mass  and  a small  segment  of  th: 
semicircle. 

Execute:  The  radius  of  the  semicircle  is  R - Ux 

Divide  the  semicircle  up  into  smill  sccmcnts  of  leneth  R d0%  as  shown  in  Figure  12.82. 


Figure  12-82 

dM  ^ {ML  )R  dO  - {Mix)  <i0 

dF  is  the  gravity  force  on  m exerted  by  dM 

j dFf  - 0:  they- components  from  the  upper  half  of  the  semicircle  carvel  the  v -components  from  the  lower  half. 
The  v-compoocsits  are  all  xn  the  +x- -direction  and  all  add. 
dF  - G 


iF  -G 


mdM 


GmxM 


10 


txM  r 

r-* 


GmxM  . 
^cosJMl-— — (2« 


F- 


LtGmM 


Evaluate:  If  the  semicircle  were  replaced  by  a point  mass  M at  x - R , the  gravity  force  would  h: 

GmMfR*  - x'GmMJl}.  This  is  xfl  times  larger  than  the  force  exerted  by  the  scmicxrclar  w ire.  For  the  semicircle 
it  is  the  .y  components  that  add.  and  the  sum  is  less  than  if  the  force  magnitudes  were  added. 

I Dl.Min:  The  direct  calculation  of  the  force  that  the  sphere  exerts  on  the  nng  is  slightly  more  involved  than  the 
cokulition  of  the  force  that  the  ring  exerts  on  the  sphere.  These  forces  arc  equal  in  mignitixle  but  opposite  in 
direction,  so  it  will  suffice  to  do  the  latter  calculation.  By  symmetry,  th:  force  on  the  sphere  will  be  along  the  axis 
of  the  ring  in  Figure  12.35  xn  the  textbook,  toward  the  ring. 

SKI  Up:  Divide  the  ring  into  infinitesimal  elements  with  miss  dM. 

(GmidM  . . 

■ on  the  sphere,  and  the 

- M - 


EXECUTE:  F-ach  mass  element  dM  of  the  nng  exerts  a force  ot  magnitude 

GmdM  x GmdMx 


Y-compoocnt  of  this  force  is 

Therefore,  the  force  on  the  sphere  is  GmMx . in  the  -x  direction.  The  sphere  attracts  the  ring  with 
force  of  the  same  mignitixle. 

EVALUATE:  A %x»  a the  denominator  approaches  .y‘  and  F — > - ■■■—  . as  expected. 

v 

IDENTIFY:  Use  liq.l  1 2. 1 ) for  the  force  between  a small  segment  of  the  rod  and  th:  particle.  Integrate  over  the 
length  of  the  rod  to  find  the  total  force. 
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12.85. 


12.86. 


SET  LtP:  Use  a coordinate  system  with  the  origin  at  the  left-hand  end  of  the  rod  and  tfo:  ./-axis  along  the  rod.  at 
shown  in  Figure  12.84.  Divid:  the  rod  into  small  segments  of  length  dx\  (Use  ./  for  the  coordinate  so  not  to 
confuse  with  the  distance  x from  the  end  of  the  rod  to  the  partxlc.) 

-/ 

I 


£ 


L - A* 

L X*  *•  X 


Figure  12.84 

Execute:  The  mass  of  each  segment  xs  d.  1/  - dx\  M L ).  Each  segment  is  a distance  I.  - x'  + x from  mist  m.  so 

, . , . , , . , _ G md\S  GMm  dx> 

the  torcc  on  the  particle  due  to  a segment  is  at 


[L-ir+xy  ~ /.  a-x'+xy 


GMmr dx  GMml  1 


CiMtoii  I 


(L-xT+x)-  L V /I-x'+tI 
I G.tfa(£  + x-x)  GMm 


L \x  L + x)  L x\  L+  x)  xiL+x) 

EVALUATE:  Vox  x»L  this  result  become  F -GAtm  x\  the  same  as  for  a pair  of  point  masses. 

IDEVYIFY:  Compare  Ft  to  Hooke’s  bw. 

SET  UP:  The  earth  has  miss  m%  - 5.97  x 10*  kg  and  radius  - 6.38 x 10*  m . 

Execute:  For  t\  - -Ax  % V -4Ly*  . The  force  here  is  in  th:  same  f»xm.  so  by  analogy  . This  « 


also  given  hv  the  integral  of  /•’  from  0 to  r with  rcspxt  to  disiance. 


(b)  From  part  (a),  the  inilul  gravitational  potential  energy  is 1 — . liquating  initial  potential  energy  and  final 

kinetic  energy  (initial  kinetic  energy  and  final  potential  energy  are  both  zero)  gives 
V1  - — so  v - 7.90  x 1 0;  ml 


Evaluate:  When  r - 0.  C/(r)-  0,  as  specified  in  the  problem. 

iDiAlIFY : In  I:qs.(12.12)  and  (12.161  replace  7by  T r A7*  and  r by  r + Ar  . Use  the  expression  in  the  hint  to 
simplifying  the  resulting  equations 

s»:r  UP:  The  earth  has  mi  - 5.97 x 10*  kg  and  li  - 6.38 x 10'  m . r-h-t  Rt  . where  ft  is  the  altitude  above  the 
surface  of  the  earth. 

2x  /** 

Execute:  (u)  T — therefore 

7 ~ 


ft  AT- 


GM 


(r  + Ar)**- 


2zr* 


r > JGM,  \ 2r  f jG. W, 


JCW, 

v = jGMt  r'"‘,  and  therefore 

-Ai-ivi77»77  (r-.Ar)  = and  v»  VG‘^  Ar.  Since 


Since  »-=.  - 


r - Ac  - 

JgwT 


(b)  Starting  with  T - (Eq.(l2.l2»,  T -2x  r\  . and  v-^S£L  <EqX  I2.10)k  find  the  velocity  and 


period  of  the  initial  orbit:  » 


(6.673x10  "N  m kg*X5.97xl0  'kg) 


7 672x10*  ml  and 


6.776  x |(T  m 

r - 2.T  rfv  - 5549  s - 92.5  mm.  We  then  can  use  the  two  derived  equal  ions  $o  approximate  XT  and  Ar  : 


12-2*  Chapter  12 


3t  (100  mV 


7.672* 


9.1228  i and  A\  - 


xAj  *<1^9  m> 
1 1554V  si 


- 0.05662  m s . Before  tbc  cable  breaks,  the 


shuttle  will  have  traveled  a distance  d.  d - ^(125  m*)-(l<)0  m*')  - 75  m . 
r - (75  m)/(  0.05662  m s)  - 1324.7  s - 22  mm  It  will  take  22  minutes  for  the  cable  to  break. 

|c>  The  ISS  is  moving  faster  than  the  space  shuttle,  so  the  total  angle  it  covers  in  an  orbit  must  be  2.T  radians  more 
than  the  angle  that  the  spare  shuttle  covers  before  they  arc  oocc  again  in  lit>r  Mathematically,  ^ “ -x  • 

Using  the  binomial  theorem  and  negketing  terms  of  order  AvAr,  — - — — l-t^l  * / I — -t  | - 2.T  . 


Therefore,  t 


Ixr 


vT 

r Sr  rAr 


Since  2t  r - vT  and Ar  = l = — — y ■'?  , — = 

is  r.'iA  T\  2sfvA  T\  A T 


was  to  be  shown.  / - ■ - 2.5  x 10*  s - 2900  d - 7.9  v It  rs  highly  dnubtful  the  shuttle  crew  would 

AT  iU.I22Xs) 

survive  tb:  congressional  hearings  if  they  miss! 

Evaluate:  When  the  orbit  radius  increases,  the  ccbital  period  increases  and  tb:  orbital  speed  decreases. 

12.87.  iDf.vnn : Apply  Eq.<  12.19)  to  the  transfer  orbit. 

SET  L>:  The  orbit  radius  for  Earth  is  r»  - l .50x  10 1 m and  for  Mara  it  is  ru  - 2.28x10“  m . From  Figure  12.19 
in  the  textbook,  a = + ru) 

EXECUTE:  (a)  To  get  from  the  circular  orbit  of  the  earth  to  the  transfer  orbit,  the  spacecraft's  energy  must 
increase,  and  tbc  rockets  are  fired  in  the  direction  opposite  that  of  the  motion,  that  is.  in  the  direction  that  increases 
the  speed.  Once  at  the  orbot  of  Mars,  the  energy  needs  to  be  increased  again,  and  so  the  rockets  need  to  he  fired  in 
the  direction  opposite  that  of  the  motion.  From  Figure  12.38  in  the  textbook,  tbc  semimajor  axis  of  the  transfer 
orbot  is  the  arithnxhc  average  of  tbc  orbit  rrxlii  of  tbc  earth  and  Mars,  and  so  from  Iq.<  12. 13k  tbc  energy  of  tb: 
spacecraft  while  in  the  transfer  orbit  is  intermediate  between  the  energies  of  tbc  circular  orbits.  Returning  from 
Mans  to  tbc  earth,  the  procedure  is  reversed,  and  the  rockets  arc  fired  against  tbc  direction  of  motion. 

< I>  > The  time  will  be  half  the  person!  as  given  m Iiq.  (12. 17).  with  the  semimajor  axis  equal  to 


-4(rs  *trM)  - 1.89x10“  in  so  / 


winch  is  more  thin  8a  months 


.T  (1.89*  10"  m)'1- 

6.673x10  ' N • .99 * 10 ‘ kel 


|c)  During  this  tin>:.  Mars  will  piss  through  an  angle  of  (360°  l 


1 2.24x10’ s) 


-2.24x10  s - 263  davx  . 


-135.9°.  and  the  spacecraft 


passes  through  an  angle  of  180°  . so  the  angle  between  the  earth-sun  line  and  tbc  Mars -sun  line  must  be  44.1°. 
Evaluate:  The  period  T for  the  transfer  orbit  is  526  days,  the  average  of  the  orbital  periods  for  Earth  and  Mars. 
IDKCTIFY:  Apply  £ F - Mid  to  each  ear. 

SEE  Up:  Denote  the  orbit  radius  as  /*  and  the  distarxe  from  this  radius  to  cither  ear  as  6 . Each  car.  of  mass  m % 
can  be  modeled  as  siAijcct  to  two  forces,  the  gravitational  fcecc  from  tbc  black  bole  and  tb:  tension  force  tactually 
the  force  from  the  body  tissues),  denoted  by  F. 

EXECUTE:  The  force  equation  for  either  ear  is  - F - m»J(r  ♦ S),  where  §5  con  he  of  either  sign. 

(r  + S) 

Replace  the  product  mat1  with  the  value  for  6 - 0 . m«sf  - GSImfr* . and  solve  for  F: 


r tS-r{\  > 


F - (GMm) 


l r (r  + o >’  J r-  L J 

Using  tbc  binomial  theorem  to  expand  the  term  in  square  brackets  in  powers  of  AVr, 


r+tf-r(l-2(®/->)J-i^l(3rf)a2.1  kN  . 


This  tension  is  much  larger  than  that  which  could  be  sustained  by  hunxin  tissue,  and  tb:  astronaut  is  in  trouhV: 
(b)  The  center  of  gravity  is  not  tbc  center  of  mass.  The  gravity  force  on  the  two  cars  is  nnt  tb:  same. 
Evaluate:  The  tension  between  her  ears  is  proportional  to  their  separation. 

IDENTIFY:  As  suggested  m the  problem,  divide  the  disk  into  rings  of  radius  r and  thickness  dr. 

Set  Up:  Each  ring  bis  an  area  <14  - 2fzr  dr  and  mass  d\i  — A - -r  dr. 

s a ’ a' 
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12.90. 


[G  m dSS  K»(rJ  +x;)vl)  . The  contribution  dF  to  the  force  is  dF  - 


Execute:  The  magnitude  of  the  force  that  this  small  ring  exerts  on  the  mass  m is  then 

IGMmx  rd) 

—?  iTTT7?7' 

The  total  force  F is  then  the  integral  over  the  range  of  r% 

— ^77777^'- 

Tlte  integral  (either  by  looking  xn  a tabic  or  making  the  substitution  u - /*  + a ' ) is 
#* 


..  f jr  2GUmxr 

FmSdF — J 


1 

1 

1 

t x 

.r 

-f  x:  _ 

X 

V*.1  J 

IGMm 


Substitution  views  the  result  t - 
Tlte  secure!  term  in  brackets  can  be  written  as 


i . 

ju  r-  .v 


The  force  on  ni  is  directed  toward  the  center  of  the  ring. 


.nv w.  vmii 


ifx  » a.  where  the  binomial  expansion  has  been  used.  Substitution  of  this  into  the  above  form  gives  F * 


GMm 

IT' 


as  it  should. 

Evaluate:  As  j — * 0 . the  force  approaches  a constant. 

IDENTIFY:  Divide  the  rod  into  mfimtesxim]  segments.  Calculate  the  force  each  segment  exerts  on  m and  integrate 
over  the  rod  to  find  the  total  force. 

SET  UP:  From  symmetry,  the  component  of  the  grav  itational  force  parallel  to  the  rod  is  zero.  To  find  the 
perperelicular  component,  divxlc  the  rod  into  segments  of  length  dx  and  mass  dnt  - positioned  at  a distance 

v from  the  center  of  the  rod. 

EXECUTE:  The  magnitude  of  the  gravitational  force  from  each  segment  is 
Gm  d\ 


IF* 


— — The  ccenpoocnt  of  dF  perpendicular  to  the  nxi  « dF  i and  so  the  net 

2L  x + a Jx3 


gravitational  force  is  /•*  - I dF  ~ 


Gm\to 

2 L 


J.77W- 


Tlte  integral  can  be  found  in  a table,  or  found  by  making,  the  substitution  r - a tan 0.  Then. 
dx  = a sec J0  JO,  <.rJ  -t-  a1)  - a*  *cv:0,  and  so 


r dx  r iJ  SCCU  dO  I r 

hx  +S)'  t/‘  sec'0 


casOdO sntf 


and  the  definite  integral  is  F - 


Gm.U 

7Z77P 


Evaluate:  When  a » L the  term  in  th:  square  nxit  approaches  a*  and  F ->  as  expected. 

a 
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13 


13.1.  IDENTIFY  and  Set  L'P:  Tlx  target  variables  are  the  period  T and  angular  frequency  n>.  We  are  gisen  the  frequency 
/.  so  we  can  find  these  using  I:qs.(  13. 1 ) and  ( 1 3.2) 

Execute:  w /■  220  Hz 

T » Vf  » 1/220  llz  = 4.54x10  1 s 
m~2xf  = It (220  Hz)  = 1380  rad  s 
<h>  / = 2(220  Hx>«  440  Hz 

r = b/  = 1. 440  Hz  - 2.27x10  4 s < smaller  by  a factor  of  2) 
m — 2t / - 2^(440  Hz)  - 2760  rad  s (factor  of  2 larger) 

EVALUATE:  The  angular  frcqtxncy  is  directly  proportional  to  the  frequency  and  the  period  is  inversely  proportional 
to  the  trequeexy. 

13.2.  IDENTITY  and  SET  L'P:  Tlx  amplitude  is  the  maximum  displacement  from  equilibrium.  In  one  perxid  the  object 
goes  from  x - -f  .4  to  v = -/(  and  returns. 

Execute:  <u)  a - 0.120  m 

<b)  0.800  s - 172  so  the  penod  is  1.60  s 

(c)  /-i- 0.625  Hz 

Evaluate:  Whenever  the  object  is  released  from  rest,  its  initial  dcsplacenxnt  equals  the  amplitude  of  its  SUM. 

13.3.  IDENTITY:  The  perxid  is  the  time  for  one  vitiation  and  m — — 

SET  L’P:  The  units  of  angular  frequency  are  rad  s. 

Execute:  The  period  is  -^!p  = 1.14x10  * s and  the  angular  frequerxy  is  ~ - 5.53x10'  rad/s. 

EVALUATE:  There  are  880  vibrations  in  1.0  s.  so  / = 880  Itz  . This  is  equal  to  1 T . 

13.4.  Identity:  The  perxid  is  the  time  for  one  cycle  and  the  amplitude  is  tlx  maximum  displarcmcnt  from  equilibrium 
Both  these  values  can  be  read  from  tbc  graph. 

SET  L’P:  The  maximum  x is  10.0  cm  Tlx  time  for  one  cycle  is  16.0  s. 

Execute:  <u)  T = 16  0 sso  f = 1-0.0625  Hz  . 

(b)  A a 10.0  cm. 

(c)  7*  = 16.0  s 

<d)  = 0393  rod's 

Evaluate:  After  one  cycle  tbc  motion  repeats. 

13.5.  IDENTIFY:  This  displacement  is  4 <>fa  period. 

SETUP:  T = 1//  = 0.200  s. 

Execute:  / - 0.0500  s 

Evaluate:  The  time  is  the  sme  for  .r  - A to  x = 0 , for  x - 0 to  x = -.4  . for  x - - A to  a = 0 and  for  a = 0 to 
x-  A . 

13.6.  Identify:  Apply  Ei*<  13.12). 

SET  L’P:  The  period  will  be  twice  the  interval  between  the  times  at  which  tbc  glider  is  at  the  equilibrium  position. 
Execute:  * = »‘m  = (yj  «- 1 | 1 0.200  kg) = 0.292  N/m 

Evaluate:  1 N = 1 kg  • m s3 , so  1 N/m  - I kg’s3 . 

13-1 
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13.7. 


13.8. 


13.9. 


13.10. 


13.11. 


13.12. 


Identity  and  Set  Up:  Use  Eq.(  13.1)  to  calculate  7*.  Eq.(  13.2)  to  calculate  ok  and  Eq.(l3.IO)  levin. 
Execute:  <u>  T = \/f  = 1/6.00  !fa  = 0.167  s 
|b)  to  = Ixf  = 2t<6.00  1 1/|  a 37.7  rads 

(c)  to^yfbm  implies  »i  - toot  - (120  N/m)/<37.7  rad's)1  =0.0844  kg 
Evaluate:  We  can  verify  thit  kJto'  has  units  of  mass. 


IDEM1TY : The  mass  and  trequenev  an:  reuted  by  f - — i — 

2,tV™ 

Set  Up:  fjm  - - constant , so  = /, ^/m? 

Execute:  (u)  m - 0.750  kg . t = 1.33  11/  and  m - 0.750  kg  + 0.220  kg  - 0.970  kg  . 


lb)  m.  - 0.750  kg  - 0.220  kg  = 0.530  kg . f.  =<1.33  llz)  |°'5°  -S.  -l.Sglh 

^0.530  kg 

EVALUATE:  WT>cn  the  now  iixreases  the  frequency  increases  and  when  the  mass  decreases  tlx  frequency'  ux rentes. 
IbiMin:  Apply  Mqs.fl 3.1 1)  and  (13.12). 

SETUP:  /=l/r 

(b)  / = 2.66  11/ . (c)  w - 2x/  a 16.7  rad  s. 

Evaluate:  We  can  verify  that  1 kg ’(N/m)  ■- 1 . 

IDENTITY  and  St: T Up:  Use  Eqs.  (13.13),  (13.1 5),  and  ( 1 3. 1 6). 

Execute:  / =440 Hz,  /f  = 30mni.  <uo 
(a)  x - AcoXtut  + 6) 


.y  = <3.0x10  ‘ mlcos<(2.76x  10*  iads)r) 

<h)  \\  = -toAunit*  + +) 

vm  = a A = (2.76x10*  raid  «X3.0v  10  1 ml  = 8.3  mi  (maximum  magnitude  of  velocity) 
at  = -to:Ac<Mo* 


aimt  = to1  A = (2.76x  I0l  rads)*  <3.0  x 10  ' ml  = 2.3x  10*  ms*  (maximum  magnitude  of  acceleration) 

(c)  a,  - —m‘ A oo%tut 

dajdt  = +co  Axinct*  - [2>?(440  Hz)]*  (3.0  x 10  1 missn<|176x  10*  rad's*)  = <6.3xlO?  m s*)sin(|2.76x  10*  rad  sjf) 
Maximum  magnitud:  of  the  jerk  is  to‘A  - 6.3x  10  m s 

EVALUATE:  The  fxriixi  of  the  motion  is  small,  so  the  maximum  acceleration  and  Jerk  arc  large. 

Identity:  Use  Eq.l  1 3. 191  to  calculate  A.  The  initial  position  and  velocity  of  the  block  determitx  d • *(0  is  given 
by  l;q  1 13  13). 

SET  Up:  cos 0 is  zero  when  0 = ±xf  2 and  sin<Vi'2)  = 1 . 


Execute:  (u)  From  Eq.  (13.19k  /Up 


io 

' 

to 

V’A  *ii 

ID 


<b)  Since  v(0)  = 0 . 1;q.<  13. 14) requires^ - l£.  Since  the  block  is  initially  moving  to  the  left,  \\.t  < 0 and  Eq.<  13.7) 
requires  that  sin  f)  > 0,  » $ = * 

<c)  cos  [art  + (»2))  = -*m  »J,  so x = (-0.9K  ml  sin«  12.2  rads)/). 

Evaluate:  The  x</ ) result  in  port  (c)  docs  give  x = 0 at  /-Oatxl  x < 0 for  / slightly  greater  than  zero. 

Identity  and  SETUP:  We  are  given  k.  m.  a*§.  and  v4.  Use  Eqs.(13.19h(13.1H).  and  (13.13). 

Execute:  (u>  Uq|l3.l9>:  A - ^ ■*  .;./<•</  - ^ 

A - J(0.200  m)’  4(2.00  kgM-4.00  n»*>:.<300  N.’m)  = 0.3S3  m 
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13.13. 


13.14. 


13.15. 


13.16. 


13.17. 


(b)  nq.413.18):  - artfai*-v,/«*) 
fa-  JkJw  - ^(300  N.>m)>2.00  kg  - 12.25  rad  s 
1-4.00  in  *1 


arctan|-tl.633)-58.5*  lor  1.02  rad  j 


112.25  rjd'sXO.200  ml 
(c)  .Y  - dcosi**  -t  gives  x = 40.383  m»co*4(12.2nid  *]r  *1.02  rail) 

EVALUATE:  At  / - 0 the  block  u displaced  0.200  m from  equilibrium  but  is  moving,  so  A > 0.200  m.  According 
to  Eq.<13.ISM  phase  angle **  in  the  range  0 < * < 90°  gives  v, . < 0. 

IDI-VIUY:  lor  SUM.  a,  - -n/x  = -<2.t fYx  . Apply  lCqx.413.13).  4 13.15)  and  1 13.161,  with  A and  <4  from  ICqx.113.18) 
and  <13. 19). 

s»:r  UP:  x - 1 . 1 cm  . vU4  = - 1 5 cm  * . fa  - Ixf  , with  / = 2.5  11/  . 

Execute:  <u>  a,  « -(2*415  llz))*(l.lxl<r*  ml  = -2.71  m*5. 

(b)  From  liq.  413.194  the  amplitude  i*  1.46  cm.  and  from  Eq.  (13.18)  the  phase  angle  is  0.715  rad  Th:  angular 

frequency  is  Ixj  - 15.7  rads,  so  .y  - < 1 .46  cm!  cos  (( 1 5.7  rad  s)f  + 0.7 1 5 rad) . 

vt  » (-22.9  cm/s) sin  ((15.7 rad's)/ r 0.715  rad) and  at  ={-359  cm'sl  cos  ((15.7  rad'*y  + 0.715  rad) . 

EVALUATE:  We  can  verify  that  our  equations  for  .y.  \\  and  at  give  the  specified  value*  at  / - 0 . 
iDEVim  and  SET  UP:  Calculate  x u«ng  Eq{  13.13).  Use  T to  calculate  fa  and  a*,  to  calculate 
Execute:  x - 0 at  t - 0 implies  that  d - ±*/2  rad 

Thus  v=  dcox4ftsr^/2). 

T - 2 xfo  so  co- 2xfT  - 2xtl  .20  s = 5.236  rad  s 

.y  -(0.600  m)cos<[5.236  rad*I0.4K0  s]±x/2y-? 0.353  m 

Tlie  distance  of  the  object  from  the  equilibrium  position  i*  0.353  m. 

EVALUATE:  The  problem  doesn't  specify  whether  the  object  is  moving  m the  +x  or  — x direction  at  r - 0. 


I DEN  I1FY : Apply  r = . Use  the  information  about  the  empty  chair  to  calculate  k. 

SET  Up:  When  m = 42.5  kg  . T = 1 .30  s . 


Execute:  Empty  chair:  T - 2ff.iy  gives  X-  - 


4x'm  4r' 142.5  kg) 
<1-30  »>• 


m \ m 


With  person  in  chair:  T = 2 *./-  gives  m-Li- 2 - !*  ' ' N 162  kg  and 

X 4x*  4x' 

» »62  kg  - 42.5  kg  = 120  kg 

EVALUATE:  Fee  tlx  same  spring,  when  the  mas*  increases,  the  period  increase*. 

IDENTITY  and  Set  Up:  Use  Eq4 1 3. 1 2)  for  rand  Eq<13.4)  to  relate  a,  and  X. 

Execute:  *?-0.400kg 

Use  a - -2.70  ms*  to  calculate  4:  -kx  - mu  give*  k - - lltL  - _,t|‘*l>l  M1  - 1 lA  ' - +3.60  Nm 

J 4 .y  0.300  m 

T = 2z>fmJk  - 209  s 

Evaluate:  a,  is  negative  when  x is  positive,  mujx  has  units  of  N.'m  and  \*m'k  has  unit*  of  s. 

Identity:  T - 2xj— . e = -—  yso  - —A . F •=  -ht . 

\ X m nt 

Set  Up:  uk  is  proportional  to  x so  at  goes  through  one  cycle  when  the  displacement  goes  through  one  cycle.  From 

the  graph,  one  cycle  of  a,  extends  from  / = 0. 10  s to  / - 0.30  s.  so  the  period  is  T - 0.20  s.  k - 2.50  N cm  = 250  Kin. 
From  the  graph  the  maximum  acceleration  is  12.0  mfs1 . 


Execute:  <m  r = 2*J—  give*  m 


= <250N'm)^£|£i|  -0.253  kg 


^0-253  kgXl20ms-,_OQ|2!m^|21cm 
X 250  Nm 

(c)  /*  = 14  = <250  N my 0.0121  m)  = 3.03  N 
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EVALUATE:  Wc  can  also  calculate  the  maximum  force  from  tlx  nuximum  acceleration: 
- maIM  = (0.253  kg .K  12.0  m s*' ) = 3.1M  N\  which  agrees  with  our  previous  results. 


13.18. 


13.19. 


13.20. 


13.21. 


13.22. 


IDENTIFY:  The  general  expression  fee  v,(l)is  vt(t)  - -mAmtWax  r . Wc  can  determine  wand  A by  comfxiring 

the  cquaticoi  in  the  problem  to  the  general  feem 

SET  UP:  fir  - 4.7 1 rad  s . toA  = 3.60  cm  s - 0.0360  irc*  . 

Execute:  (.if-  — ■ — - .1.33* 


tu  4.71  radi 


(b>  A - 


0.0360  m 0.0360  in  s 


-7.64*  10' 1 in  - 7.61  mm 


to  4.71  radii 

(c>  > to‘ A = (4.7 1 rad'*)*  (7.64 * 10  ' m)  = O.I69  m'*1 

(ell  fo-  J—  so  X — mo)‘  - (0.500  kuX4.7l  rad  ii*  >11.1  N.'m  . 


Evaluate:  The  overall  positive  sign  in  the  expression  for  v((/)and  the  factor  of  -Jti 2 both  are  related  to  the 
pliase  factor  d in  the  general  c.\pre»ion. 

IDENTIFY:  C’om|\irc  the  specific  > given  in  the  problem  to  the  general  form  of  I:q.(  13.13). 

SET  L’P:  A = 7.40  cm , fi  = 4.16  rads  . and  A - -2.42  rad 


Execute:  <u>  T — — — 

<•}  4. 16  rads 


1.51s. 


(h)  <a-  J—  so  * - mi u*  =11.50  kg  1(4.16  rad  s)*  - 26.0  N m 


(c)  =*)A  ^ (4.16  radsK7.40  cm)  - 30  8 circs 

(d)  Ft  = -kvso  F -hi-  (26.0  N/m)(0.0740  m)  = 1.92  N. 

<e)  .y(i)  evaluated  at  / = 1.00  s gives  x - -0.0125  m . v.  = -toAsinitiX  -*  $\  - 30.4  cm's  . 
at  - -kxim  - -a»\y  - -t0.2 1 6 m s* . 

EVALUATE:  The  maximum  speed  txcurs  when  x - 0 and  the  maximum  force  w when  x - ±A  . 
Identify:  Apply  .y(0  = Acm(ta  + ^) 


SET  UP:  x = A at  / - 0 . so  d - 0 d = 6.00  cm  . to-  — 1- — - 20.9  rad's . so 

T 0 300  s 

.v(/)  = <6.00  cm)coo([20.9  rad  sjf). 

EXECUTE:  / - 0 at  x = 6.00  cm . x = -1 .50  cm  when  - 1 .50  cm  - 16.00  cm)coj((20.9  rad  s]/) . 

t - 1 ! i arccosl  ■'  M > — 1 ; - O.OS72  s . It  takes  0.0872  *. 

^ 20.9  rad  s ) \ 6.00  cm ) 

Evaluate:  It  takes  i - 774  - 0.075  s to  go  from  .r  - 6.00  cm  to  .y  - 0 and  0. 1 50  s to  go  from  x - -t6.00  cm  to 
.y  - -6.00  cm  . Our  result  is  between  these  v alues,  as  it  should  be. 


IDENTIFY:  - to  A-  2x / A . - 4/m^ 

SET  L’P:  The  fly  has  the  sanx  speed  as  the  tip  of  the  tuning  fork. 

Execute:  (u>  v„  - 2 s/A  - 2^(392  llxMO.fiOO.lci  ' m)=  I.4S  m* 

<1)1  A'_  -t«‘L  - i(0.0270>  10  1 kg  Ml  .4Sm*r’^  2.96-I0  * J 

EVALUATE:  i.„t  is  directly  proportional  to  the  frequency  and  to  the  amplitude  of  the  motion. 

IDENTITY  and  SET  Up:  Use  Eq.(  13.21 ) to  relate  A and  IS.  IS depends  on  a and  K depends  on  \\. 

EXECUTE:  (u)  U + K - £,  so  IS  = A'  says  that  2 V - E 
2(4 tv*)  and  x-±ASjl;  magnitude  is  Aljl 

But  U - A also  incites  that  2A  - A 

2(4mvf)=4*d2  and  v.  - zjk'mA'Jl  - magnitude  is  &A/JI. 

<b)  In  one  cyvlc.Y  goes  from  ^4  toO  to  —A  toOto  td  Thu<  x-+  Aj2  twice  and  x^-AfJi  twice  m each cyefc. 
Therefore.  IS  - A four  times  each  cycle.  The  tinx  between  IS  - A occurrences  is  the  time  Af.  Us r \\  = +A>\/2  to 
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13.23. 


13.24. 


Yj  - -aJi,  time  for  r,  - -Afj2  to  x2  - -tA.^2,  time  Ar.  for  x,  - +AfJl  to  x3  = +A\Jl,  cetbethne  Ar,  for 
*i  = -Aiyfl  to  x*  ^ -A  'yfl.  ax  shown  in  Figure  13.22. 


Ar 


A/  -At. 


Specify  .r  in  < - Ac mm  IchoaK  j - 0 «i  i - A al  / - 0 ) ami  solve  for  t. 
xx  - +A\fl  implies  A'Jl  - .lco*<nr(> 
cosnif,  -l.s/2  so  ae,  - arccos(l/V2)-x»'4  rad 
f,  - jr,f4o» 

xx  ^ -AJyfl  x frolics  -Atjl  - A COS<Atf3) 
cos  ruf%  — -l.S/2  xo  wr,  - 3/Ti'4  rid 
tl  = 3x'4<» 

Af#  -3x'4ft>-x’4A>-x'2<v  (Note  that  this  is  774,  ooc  fourth  period.) 

Calculation  of  jA/j : 

xt  --A/J 2 implies  t{  -3x’4<v 

xl  - -A  \j2.  1%  is  the  next  txnx  after  /,  tint  gives  cos*rt3  - -]/Jl 

Thus  tuti  = c*t  + x/2  - 5x4  and  t1  - SxfAca 

Af,  = 11  - ti  - Sjt/Acj  - 3x4/*j  - jz/2ak  so  is  the  same  as  Ar. . 

Therfore  the  occunecxcs  of  K - U arc  equally  spaced  in  time,  with  a tim:  interval  between  them  of  ^‘‘2ax. 
Evaluate:  This  is  one- fourth  7*.  as  it  must  be  if  there  air  4 equally  spaced  occurrences  each  period. 

(C)  Execute:  x = Atl  and  U + K - £ 

K - E-V  -ykA1  — ytx1  =$kA‘-±HAt2)!  =±tA‘-LkA‘  *ilcA‘ia 
,,  K UA!/8  3 , V iiA 1 I 

£ AA4*  4 £ i W 4 

Evaluate:  At  x - 0 all  the  energy  is  kinetic  and  at  x - ±A  all  the  energy  is  potential  But  A'  - U docs  not  occur 
at  x =>  l/f'2.  since  U is  not  linear  in  x. 

IDENTIFY:  Velocity  and  posalion  arc  related  by  £ - ^kA‘  - imi|  ♦ jAr*  . Aeeelcraticci  arxi  position  arc  related  by 
-Ar  - rrta  . 

SET  LtP:  The  maximum  speed  is  at  x - 0 aixl  the  maximum  magnitude  of  acceleration  is  at  x - ±A , 


Execute:  (n) For  x-0,  -+Li:  and  » 


AJ 1- <0.040  m l li — 

m u 0.500  kn 


1.20  ms 


450  N m 


13.51X1  ko 


J(0.040  m>*  -(0.015  m»J  - ±1.1 1 nvs  . 


(b>  v 

The  speed  is  r-  1.1 1 m's  . 

(c>  For  x - lA  . atmdt  - — A - 1 1 0.040  m)  = 36  m's* 

(<J)  Av  .lyNmN-ftOlSu)^^^ 
m 0.500  kg 

(c)  £ ^ ±kA2  - 4(450  N'mKOMO  ml*'  - 0.360  J 

EVALUATE:  The  sliced  and  acceleration  at  x - -0.015  m arc  less  than  their  maximum  values. 

iDF.vim  and  s*:r  L’P:  <Jt  is  related  to.v  hv  liq.l  13.4)  and  vt  is  related  to  xby  liq.f  13.21).  a is  a nviximum  when 

x - ±A  and  v is  a maximum  when  v - 0.  t is  related  to  x by  Eq.(  13. 1 3). 
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13.25. 


13.26. 


13.27. 


Execute:  <u)  -Er-iwu,  so  <i.  --tf/myx  <Lq.  134).  But  the  maximum  |v|  is  A.  so  atmAK  = (AV/i  H - ta*A. 

/ = 0.850  11/  implies  A>  - JUm  - 2 jrf  - 2*(0.850  lb)  ^ 5.34  rad'*. 

- m A = (5.34  radfcfto.  1 80  m l - 5. 13  ms2, 
im;  + Ikx1  - ~kA‘ 

v when  v -0  so  -4*^*’ 

- %/Um.d  - mA  - (5.34  rad  sXO.  1 80  m)  ^ 0.961  m/s 

(ID  a,  = -(fcVn)x « -Vx ^ -(534  rad  s»2(0.090  ml  - -157  m s2 

iim*;  +lkx*  -4-t V say*  that  v,  - ±>[kJm^A'  - xi  - ±*hlAi-xi 

v4  - 1(5.34  rads  >^<0.180  m)2  -(0.090  ml2  ^ iO.832  m s 
Tlu:  speed  is  0.832  ms. 

(c»  x*Acw{c*+f) 

Let  $ - -x/2  so  that  v - 0 at  / - 0. 

Tlien  x - ^coqVx  —jt/2)  - .*! sin< a*|  [Using  the  trig  identity  cos(a—  x(2)  - sin*?  ] 

Find  the  tirrac  / that  gjvcs  x -0.120  in. 

0.120  m - (0.180  m)*in(AV) 
sin  ex  -0.6667 

( - «sin(0.6667)fo-0.?297  rad  (5.34  rad's)  - 0. 1 37  s 

EVALUATE:  It  lakes  one*fourth  of  a period  for  tbc  object  to  go  from  x - 0 to  .r  - A - 0.180  m.  So  the  time  we  have 
calculated  should  be  less  than  774.  7*  = 1 if  - 1.  0.850  llz  a 1.18  s*  774  = 0195  s.  and  the  time  we  calculated  is  less 


than  this.  Note  that  the  a and  v we  calculated  in  part  (b)  arc  smaller  in  magnitude  than  the  maximum  values  we 
calculated  in  part  (b). 

(d)  The  conservation  of  energy  equation  relates  »•  and  x and  F = ma  relates  <r  and  x.  So  the  speed  and  acccleratxm 
can  be  found  by  energy  methods  but  the  time  cannot. 

Specify  ing  x uniquely  determines  at  but  determines  only  the  magnitude  of  at  a given  x tbc  object  could  be 
moving  either  in  the  +x  or  -x  direction 

IDENTIFY:  Use  the  results  of  Example  13. 15  and  also  that  E - IkA*  . 

SET  Up:  In  the  example.  As  - A — ****  now  wc  wjnl  4*  “ Therefore.  — - J-ry* — . or  in  - 3.1/.  For 

v S5  t w 2 

tlie  energy.  E}  - ?&A* . hut  since  /!:.  - ±AX . £\  - ^E  . and  -rEl  is  lost  to  heat. 

Evaluate:  The  putty  and  the  moving  Mock  undergo  a totally  irelastic  collision  and  the  mcchamcal  eixrgy  of  the 
system  dxxeascs. 

IDENTIFY  and  SET  UP:  Use  Eq.(l3.2!>  x-±A&  when  v4  -0  and  v,  -±\\^  when  v-0. 

Execute:  w E -imv:  +lkx: 

E - y(0.!50  kgX0.300  ms)2  + ±(300  N/m)(O.OI2  m>*  *0.0284  J 
(h)  E-lk.V  «>  A - yj2Ek  - ^2(0.02S4  J>  }l»  N.'m  -0.014  m 
(c  > E = to  v _ - yj2E  m - ^2)0.02S1  J l'O.ISO  kg  - 0.615  rai 

EVALUATE:  The  total  energy  E is  comxant  but  is  transferred  between  kinetic  and  potential  energy  during  the 
mot  Kin 

iDEMlfrY : Conservation  of  energy  says  ±mr2  + -^kA~  and  Newtek's  second  law  says  -A.v  - . 

SET  UP:  Let  X be  to  tb:  right  Let  tbc  mass  of  the  object  be  m. 


Execute:  k - - 


ma.  -8.40  m s2  \ .. . a .j. 
— - - -Ml  - 114.1)  s I m 

x 0.600  m / 


•1  - yjx*  +(mfk)v*  * f(0.600m)2  + ^ (2.20  ms)  -0 


- 0.840  m . The  obscci  will  therefore 


travel  0.840  m -0.600  m - 0.240  m to  the  right  before  stopping  at  its  maximum  amplitude. 

EVALUATE:  The  acceleration  is  rxit  constant  and  wc  cannot  use  the  constant  acceleration  kinematic  cquitions. 
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13.28. 


13.29. 


13.30. 


13.31. 


IDEMIFY : When  the  box  has  its  maximum  speed  all  of  the  energy  of  the  system  is  in  the  form  of  kinetic  crxrgy. 
When  the  stone  is  removed  the  oscillating  mass  is  decreased  and  the  speed  of  the  remaining  mass  is  unchanged  The 


period  is  given  by  T - 2.r 


Jf 


SET  UP:  The  maximum  speed  is  »•,_  - toA  - J— ,1 . W ith  the  stone  in  the  box  m - 8.M  kg  and  A - 0.0750  m 


Execute:  <u>  t - 2xj—  - 2.t.  ;■ - 0.740  s 


375  N-m 

(b>  Just  before  the  stone  is  removed,  the  speed  is  i 


1 : N m 


i 0.0750  ml  - 0.494  ms  . The  steed  of  the  box 


8 64  kg 

isn't  altered  by  removing  the  stone  but  the  mass  on  the  spring  decreases  to  520  kg.  The  new  amplitude  is 


Jt‘-  -Jr, 


20  kg 


375  N ni 


(0.494  in  s)  - 0.0582  m The  new  amplitude  can  also  be  calculated  as 


(00750  ml  - 0.0582  m 


S.ZO 

S.64  kg. 


(c)  7 - 2xK(—  The  Force  constant  remains  the  same,  m decreases,  so  7 decreases. 

EVALUATE:  Alter  the  stone  is  removed,  the  energy  left  in  th:  system  is 

“ *•!  5.20  kg  1(0.491  m's)'  - 0.6345  J . This  then  is  the  energy  sicced  in  the  spring  at  its  maximum  extension 
nr  comfecssaon  and  +kA*  - 0.6345  J . This  gives  the  new  amplitude  to  he  0.0582  m,  in  agreement  with  our  previous 
calculation. 

1 Dl-Vi  nv  : Work  in  an  inertial  frame  min  ing  with  the  vehicle  after  the  engines  have  shut  off.  The  acceleration 
before  engine  shut-off  determines  the  amount  th:  saving  is  initially  stretched.  The  initial  speed  of  the  ball  relative  to 
the  vehicle  is  zero. 

SET  L7P:  Before  the  engine  shut  off  the  hall  has  acceleration  »r  - 5.IX)  mV  . 

EXECUTE:  <u>  r - -kx  - ma  gives  A - — ' * IH  111  ’ - 0.0778  m . This  is  the  amplitude  of  the 

**  k 225  N/m  1 


subsequent  motion. 


*_  I j225  N'm  . , ,,T 


2*  \ 3.50  kg 

(c)  Energy  conservation  gives  Lk4‘  -4 tin  and  v - |— A - 


(0.0778  m>- 0 624  ms. 

m y 3.50  kg 

Evaluate:  During  the  simple  harmccuc  motion  of  the  ball  its  maximum  acceleration,  when  a*  - ±A . continues  to 
have  magnitude  5.00  m’s* . 

IDENTIFY:  Use  the  amount  the  spring  is  stretclvd  by  the  weight  of  the  fish  to  calculate  the  force  constant  k of  the 
spring,  r - ZjrJm  k.  v_  - &A  - 2 Jr/A. 

Set  Up:  When  the  fish  hang,s  at  rest  the  upward  spnng  force  |/**  | - kx  equals  the  weight  mg  of  the  fish  / - \/T  . The 
amplitude  of  the  SUM  is  0.0500  m. 

Execute:  <«.)  mg=kx  so  k -,65°  k**9M  mV *5.31*10*  N/m. 

x 0.120  m 


(b>  T - 2z):  - 2x1 '—l - 0.695  s . 

A \ 5-3 1x10*  M m 

, , ^ 2xA  2.r( 0.0500  m)  n __  , 

|c>  v-  - 2 x/A 0.452  m s 

r 0.695  s 

EVALUATE:  Note  that  T depends  only  on  tn  and  k and  is  independent  of  the  distance  the  fish  is  pulV^l  down.  But 
v does  depend  on  this  distance. 

IDI-N 111V:  Initially  part  of  the  energy  is  kinetic  energy  and  part  is  potential  energy  in  the  stretched  spnng.  When 
x - ±A  all  the  energy  is  potential  energy  and  when  th:  glider  has  its  maximum  speed  all  the  energy  is  kinctx:  energy. 
The  total  energy  of  the  system  remains  constant  during  the  motion. 

SET  UP:  Initially  v.  - ±0.SI5  m s and  x - ±0.0300  m 
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13.32. 


13.33. 


13.34. 


13.35. 


Execute:  <u>  Initially  the  energy  of  the  system  isi 


£=i/ir»-'  + lkx*  =4(0.175  kgHO.815  m fc)’ +4(155  N.mM0  0300  m)J 


1.128  J . jM  * E and 


2(0. 128  J | 
155  N m 


0.0406  m - 4.06  cm . 


2 E 

(bl  4/wi;-4  - £ ami  vtM4  - J 

ttt 


2(0.128  J I 
0 -175  kg 


21  mi . 


155  N m 


- 29.8  rad  s 


.175  kg 

Evaluate:  The  amplitude  and  the  maximum  speed  depend  on  the  total  energy  of  the  system  but  the  angular 
frequency  is  indepen&nt  of  the  amount  of  energy  in  the  system  and  just  depends  on  the  force  constant  of  the  spring 
and  the  mass  of  the  object. 


firgy  and  Us  -±kx'  . 


SET  UP:  At  the  lowest  point  of  the  motion,  the  spring  is  vtrctclxd  an  amount  14. 

Execute:  (at  At  the  top  of  the  motion,  the  spring  is  unstretchcd  and  so  has  no  potential  energy,  the  eat  is  not 

moving  and  so  has  no  kinetic  energy,  and  the  gravitational  potential  energy  relative  to  the  bottom  is 

2mg4  = 2(4.00  kgH9.S0  mV)(0.050  ml  = 3.92  J . This  is  tlx  total  energy,  and  k the  sanx  total  for  each  part. 

(b>  Utu.  « 0%K  « 0.  so  = 3.92  J . 

(c)  At  equilibrium  the  spring  is  stretched  half  as  much  « it  was  for  port  la),  and  so  - 4(3.92  J)  - 0.98  J, 

= 4(3.92  J)  = 1.96  J.  and  so  A'  - 0.9S  J. 

Evaluate:  During  the  motion,  work  done  by  th:  forces  transfers  energy  among  the  forms  kinetic  energy, 
gravitational  potential  energy  and  elastic  potential  energy. 

iDEMltY:  The  location  of  the  equilibrium  position,  tlx  position  where  the  downward  gravity  force  « balanced  by 
tlx  upward  spring  force,  changes  when  the  mass  of  the  suspended  object  chingcs. 

SET  l.TP:  At  the  equilibrium  position,  the  firing  is  stretched  a distance  <i.  The  amplitude  is  the  maximum  distance  of 
the  object  from  th:  equilihnum  position. 

EXECUTE:  (a)  The  force  of  the  glue  on  the  lower  ball  is  the  up^rd  force  that  xceleratcs  that  bull  upward.  Tlx 
upward  acceleration  of  th:  two  bulls  is  greatest  when  they  have  the  greatest  downward  displacement,  so  this  is  when 
tlx  force  of  the  glue  must  be  greatest. 

(b)  With  both  balls,  the  distance  J,  that  the  spring  is  stretched  at  equilibrium  is  given  by  kdt  - (1.50  kg  + 2.1X1  kg)g 
ind  d{  - 20.S  cm  . At  the  lowed  point  the  spring  is  stretched  20.8  cm  1 15.0  cm  - 3S.S  cm  . After  the  1 .50  kg  ball 
falls  ofT the  distaixc  J:  that  the  spring  is  stretched  at  equilibrium  is  given  by  kd%  - (2.00  kg)g  and  = 1 1 .9  cm . 

F I i' 1 65  N m 


The  new  amplitude  is  35.8  cm  - 1 1 .9  cm  = 23.9  cm  . Tlx  new  frequency  is  / - — l— 


2.T  V m 2t  \ 2.00  ku 


.45  / . 


Evaluate:  The  potential  energy  stored  in  tlx  spang  doesn't  change  when  the  lower  hall  conxs  loose. 
IDKVIIFY : The  torsion  constant  a*  is  defined  by  r = - kO  f - — J—  and  T = V f . OU)  - Bca iit*  * 


SET  Up:  For  the  disk.  I - IX/R  . r - -FR  . At  / - 0 , 0 = « = 3.34°  - 0.0583  rad  . so  - 
r -FR  (4.23  N M0. 120  m) 


EXECUTE:  (u)  A*  — — 


N tnrad 


0.0583  rad 


0.0583  rad 


lb>  f 


_L  <v  _L  | 2a  I 
2t\;  2x\.ur:  2* 


2.71  Hz.  7*  = l/f  = 0.461%. 


2(8.71  X innid) 

(6.50  kg  (0.1 20  m>‘ 

|c > <o  = Ixf  = 1 3.6  rad/s . 0(i)«(3.34fl)ci»(II3.6nd.Vi|r). 

EVALUATE:  The  frequency  and  period  are  independent  of  the  imtial  angular  displacement,  so  long  as  this 
displxemcnt  is  smill. 

IDENTIFY  and  S*:  T UP:  Tlx  number  of  ticks  per  second  tells  us  tlx  period  and  therefore  the  frequency.  W'c  can  use 
formula  form  Table  9.2  to  calculate  /.  Then  liq.(l3.24)  allows  us  to  calculate  the  torsaon  constant  a*. 

Execute:  Ticks  four  tinxs  each  second  xnqilics  0.25  s per  tick.  Each  tick  is  half  a period,  so  T - 0.50  s and 
/*  = !/?  = 1,0.50  s = 2.0  Hz 


(a)  Thin  rim  Intpllct  /-.MU'  (from  Tabic  9.2).  / ■; (0.900*  10  ‘ kgHO.SS- 10  ! m>;  - 17x10  ‘ kg  in’ 
<b>  Tk  mi  K-H2xlTt* (2.7x10  ' kg  m!M2c'0.50i»; -4.3x10*  N-mTad 

Evaluate:  Both  / and  A-  arc  'troll  mimlvrt. 
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13.36. 


13.37. 


13.38. 


13.39. 


13.40. 


IDENTIFY:  f:q.(13.24  | and  T ^ Iff  sa>*  T 
SETUP:  I =±mR\ 

Execute:  Solving  Eq.  (13.24)  for  a*  in  term*  of  the  period. 

v-jyj  <(/2K2.O0xlO  1 kg«2 .20x10  ‘ m)->-i.9l«IO  ' N-nvIid. 

EVALUATE:  The  longer  the  period  the  smaller  the  torsion  constant 

iDt.MItV 

SET  UP:  f - 125/(265  s) . the  number  of oscillations  per  second. 


Execute:  / - 


:.450  N in  rad 


* - 0.0 1 52  kg  m*. 


<2*0  (2r(125)/<265  s>) 

EVALUATE:  For  a larger  /,/is  smaller. 

IDENTITY:  0(t)  is  given  by  W0  - 0coes(<uf  ♦ dl  • Evaluate  the  derivatives  specified  in  the  ptrtolem. 

SET  Up:  d(co*aX)ldi  - -rosin  . d{iin«x)>dt  - mcosc*  . sin*'  Or  cot*  0 - 1 
In  this  problem.  <p  - 0. 

Execute:  <u>  a*4$.  = -<u  ©»in(«n)  and  Octal ci r). 

(b)  When  the  angular  displacement  is  0 . 0 - Bcosfatf)  . This  occurs  at  / - 0.  so  <a  - 0 . a - -<u*0 . When  tlx 


-V0 


• r.i  ~oj  vvya  yj  —ft?  vf 

angular  displacement  is  6),'  2.  y-9cos(M  or  i - cos<  nr  >.  - since  sio(  <ur ) - — — . a - — . 

c«»(ft*)*l/2. 

Evaluate:  cos(a* ) - 1 when  aX  - t/3  rad  - 60°  . At  this  t%  cost  *X|  is  decreasing  and  0 is  decreasing,  as 
required.  Then:  an:  otlxr.  larger  values  of  ex  for  which  tfa0/ 2,  but  0 is  increasing. 

IDLMIFY  and  S*:  T L'P:  Follow  the  procedure  outlined  in  the  problem. 

Execute:  Eq.(l3.25):  V *L\[{Rjrf-HRJrt\.  Let  r^R^x. 

-|*1  -1*1  ]-'■[!*  ■1*1] 

77T7T' 

Apply  Eq.f  13.28)  with  /a  - —12  and  « - +xfRi, : 


one  ■. 


1 or 


;pply  Ilq.t  13.281  with  n - -6  ami  u - +XR. : 


— ! — [ - I - 6 .r:  It  - 1 SxVlJ?  - . . 


Thu*  U - l2*«1.66xl.R;  - 2 ♦ I’.r.'R, -30x':K;'|  - -U„  Thi*  it  in  Ihc  form  V - ifa*  - V,  with 

* = 72 UJR[.  which  is  Ihc  unit  at  the  force  constant  in  Eq.lli.29). 

EVALUATE:  F - -dUfdx  so  U{x)  contains  an  additive  constant  that  can  be  set  to  any  value  we  wish  If  V -0 

then  6’  = 0 when  x - 0. 

IDENTIFY:  E xample  13.7  tells  us  that  f - — I — 1 — 

2vy(m/2) 

SKI  lip:  1 u = 1.66x10  ” kg 

Execute:  /»2_  jZI-±  fl  2Wn"  -■.33,10-  l„. 

2.t\|w/2  2^ V 1 1 .008 <1.66-10 " kg) 
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13.41. 


13.42. 


13.43. 


13.44. 


13.45. 


EVALUATE:  Thus  frequency  is  much  larger  than/ calculated  in  Example  13.7.  Hen:  m is  smaller  by  a factor  of  1.40 
but  4 is  smaller  by  a factor  of  1*700. 

IDINUTY : r - IxJUg  is  the  time  for  ooc  complete  swing. 

SET  L!P:  The  motitxi  from  the  maximum  displacement  on  cither  vide  of  the  vertical  to  the  vertical  position  is  one- 
fourth  of  a complete  sw  ing. 

Execute:  (a)  To  the  given  precision,  the  small-angle  approximation  iv  valid.  The  highest 
speed  is  at  the  bottom  of  the  are.  which  occurs  alter  a quarter  period,  £ - s- 

(1>1  The  same  as  calculated  in  (a).  0.25  s.  The  period  is  independent  of  amplitude. 

EVALUATE:  Fee  small  amplitudes  of  swing,  the  period  depends  on  L and  g. 

1DIM1TY:  Since  the  rope  is  long  compared  to  the  heurht  of  a person,  the  system  can  be  modeled  as  a simple 


pendulum.  Since  the  amplitude  iv  small,  the  penodofthe  motion  iv  T - 2^ 

V* 

SET  UP:  From  hiv  initial  position  to  his  lowest  paint  iv  one-fourth  of  a cycle.  I le  returns  to  this  lowest  poem  in  time 
T /2  from  when  he  was  previously  there. 


Execute:  (u>  r«2*J.  ~Um--S.12s.  r-J74- 1.28  s. 

\9.S0  mV 

|b)  r = 3T i’4  -3444  s . 

Evaluate:  The  period  is  independent  of  hiv  mass. 

IDENTITY':  Since  the  cord  is  much  longer  than  the  hciirht  of  the  object,  the  system  can  tv  modeled  as  a simple 


pendulum,  we  will  assume  the  amplitude  ot  swing  is  small,  so  that  7 - 2.T  | — . 

* S 

SET  Up:  The  number  of  swings  per  second  iv  the  frequency  / - J-  - )— 


Execute:  f - — 


SO  nvs* 


- 0.407  swings  per  second 


2x\  1.50 

Evaluate:  The  period  and  freqixticy  are  both  independent  of  the  mavs  of  the  object. 
IDENTITY : Use  Lq.l  1 3.341  to  relate  the  period  to  g. 

SET  Up:  Let  the  period  on  earth  be  Tk  - 2x^Lgu . where  g%  -9.S0  m‘sJ.  the  value  on  earth. 


Let  the  period  on  Man.  be  Tu  - 2t where  - 3.71  m's*.  th:  value  on  Mars. 
We  can  eliminate  L.  which  we  don't  know,  by  taking  a ratio: 


Execute?  1 ' 1 l?‘  !gl 


‘•’x 


in  s' 


60, 

Evaluate:  Gravity  iv  weaker  on  Man  so  the  period  of  the  pendulum  iv  longer  there. 

IDENTITY  and  SET  Up:  Th:  bounce  frequency  « given  by  Iiq.(13.1  It  and  the  pmdulum  frequency  by  Lq.<l3.33). 
Use  the  relation  between  these  two  frequencies  that  is  specified  in  the  problem  to  cumulate  the  equilibrium  length  L 
of  the  spring,  w hen  the  apple  hangs  at  rest  on  the  end  of  the  spring. 

Execute:  vertical  SUM:  /•-  — aL 

2.7  V m 


pendulum  motion  ivmall  anip’.itud:): 
Tlie  problem  specifics  that  f - A-/,.. 

ft 


R 1 

2,t\7  2 2.t^hi 

gfL  =•  A’ 4 m so  L - 4gxu.‘*  - 4 w/k  = 4(1 .00  N),  l .50  NVm  = 2.67  m 
EVALUATE:  This  is  the  stretched  length  of  the  spring,  its  length  when  the  appV:  is  hanging  from  it.  (Note.  Small 
angle  of  swing  n>:ans  v iv  small  as  the  appV:  passes  through  the  lowest  point,  so  is  smill  and  the  conponcnt  of 
mg  perpendicular  to  the  spring  is  small.  Thus  the  amount  th:  spring  is  stretched  changes  very  little  as  the  apple 
swings  back  anJ  fenh) 
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13.46. 


13.47. 


13.48. 


IDENTIFY:  Use  NewIcxTs  second  law  to  caVrolate  the  distance  the  spring  is  stretched  form  its  unstretebed  length 
when  the  apple  hangs  from  it. 

SET  UP:  The  free- body  diagram  for  the  apple  hanging  at  rest  on  th:  end  of  the  spring  is  green  in  Figure  13.45. 

v 

Execute: 
kAL-mgmO 

AL  ^ mgfk  -=  wfk  = 1.00  NT. 50  N/m  -0.667  m 

mv 

figure  13.45 


Thus  the  unstretched  length  of  the  spring  is  2.67  m-0.67  m - 2 .00  m. 

Evaluate:  The  spring  shortens  to  its  unstretebed  length  when  the  apple  is  removed 

IDENTITY:  - La  . - Ley  and  a - • Apply  conservation  of  energy  to  calculate  the  speed  in 

pari  (c). 

SET  UP:  Just  after  the  sphere  is  released.  e>  - (land  aitJ  - 0 . When  the  rod  is  vertical  uUi  - 0 . 

Execute:  (a)  The  forces  and  acceleration  are  shown  in  Figure  13.46a.  a%u  -0  arxi  ir  - a ^ - gsi i\0  . 

<h)  The  forces  and  acceleration  are  shown  in  Figure  13.46b. 

(cl  The  forces  and  accelcraticei  are  shown  in  Figure  13.46c.  V - Kx  gives  «?#/.(  l-cos(0)  -4"*^  and 


v-JIgUi- coie>. 

Evaluate:  As  the  rod  moves  toward  the  vertical  v increases,  increases  and  decreases. 


t H- 

<0)  <W  <C) 

Figure  13.46 


Identity  : Apply  T - l.TyjLtg 

SET  UP:  The  period  of  the  pendulum  is  T -(136  s 1/1 00  - 1 .36  s. 

_ 4^(0.500  in)  .. 

Execute:  g — - — . 10.7  m/s  . 

r (1.36s)* 

EVALUATE:  The  same  pendulum  on  earth,  w here  g is  smaller,  would  have  a larger  period. 


m-®. 

2 


8 

‘•31 *5 


IDENTITY:  If  a small  amplitude  is  assumed.  T - 2*J—  . 

SET  UP:  The  fourth  term  in  iiq.(  1 3.35)  would  be 

_ . % - I 2.00m  . 

Execute:  oo  t - 2.?. i - 2. 


y.KU  m s' 


::: 


(b)  T -(2.84  s(|  1 + — sin*  1 5 .0°  — — sin'15.(T  + 

n 4 64  2305 


ii 


5.0°  U 2 


(c)  FqX  1335)  is  more  accurate.  Eq.(l3.34)  is  in  cm>r  by  — — ^ ~ -2% . 

EVALUATE:  As  Figure  1 3 -22  in  Section  13.5  shows,  the  approxmvuion  F+  - -mgO  is  Larger  in  magnitude  than  the 
true  value  as  0 increases.  EqX  13.34)  there  fere  over  estimates  the  restoring  force  arxl  this  results  in  a value  of  T that  is 
smaller  than  the  actual  value. 
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13.49. 


13.50. 


13.51. 


13.52. 


13.53. 


IDSMIFV:  T -2x^1  >mgd  . 

Set  UP:  d = 0.200  m.  7 - (120  s),'IOO  . 

Execute:  /_«*.,/; -L;  ^{|.Mkg)(9.S0  m/»-)(0300ra)| 120  V,<H>  j -0.129kg.m!. 

EvaUIaTE:  If  the  rod  were  uniform.  its  center  of  gravity  vvouki  be  at  its  geometrical  center  and  it  would  have 
length  / - 0.400  m . For  a uniform  rod  with  an  axis  at  one  end.  / - ^ mi * - 0.0%  kg  m* . The  value  of  / for  the  actual 
rod  is  about  34%  larger  than  thes  value 
IDEM1FV:  r « 2jr<jl/mgd 

SET  L’P:  From  the  parallel  axis  theorem,  the  monxnt  of  inertia  of  the  hoop  about  the  nail  is 
/ ^ MR1  f MR*  = 2 MR* . d^R. 

EXECUTE:  Solving  for  R.  R - gT*  fax  - 0.4%  m 

EVALUATE:  a Simple  pendulum  of  length  L - R has  period  7 - 2 KyjR'g  . The  hoop  has  a period  that  is  larger  by  a 
factor  of  . 

IDEM  1FA  : For  a physical  pendulum.  T - fmymJ  and  for  a simple  perxlulum  7 - Ix^JL/g  . 

SET  L’P:  For  tb:  situation  described.  I -mil  an dd  - L . 

Execute:  r - 2.t  pi-  - i-rJUg  . so  the  two  expressions  are  the  same. 

EVAUIATE:  Iiq.(  13.39)  applies  to  any  pendulum  and  reduces  to  Eq.(  13.34)  when  the  conditions  for  the  object  to  be 
a simple  pendulum  arc  satisfied. 

IDENTIFY:  Apply  Eq.(  13.39)  to  calculate  / and  conservation  of  energy  to  calculate  the  maximum  angular  spiced. 

SET  UP:  d - 0.250  m In  part  <b)(  \\  - «/fl  -cost)) . with  0 - 0.4IX>  rad  and  y\  - 0 . 

EXECUTE:  <u)  Solving  Eo(  13.39)  for  /. 


f-l  — 

2.T 


0.940  s 


S0kg)(9.S0  m/%*  |(  0.250  m)  - 0.09R7  kg  m\ 


(b)  The  sinall-anglc  approximition  will  not  give  three-figure  accuracy  for  0 - 0.400  rad.  From  energy 
consignations.  jii#J(I  -cos  C-)|  - Expressing  £2#^  in  terms  of  the  peried  of  small-angle  oscillations,  this 

becomes 

n—  - J2I  -r  ] (l  “ c“  * J2(  400  ***/*■ 

Evaluate:  The  time  for  the  motion  in  part  (b)  is  r - 7 t 4 . so  £2,  - A O' At  - (0.400  rad)  (0.235  s)  - 1 .70  rad’s . 
£2  increases  during  the  motion  and  the  final  (2  is  larger  than  the  average  £2  . 

IDENTIFY:  Pendulum  .1  can  be  treated  as  a simple  pendulum  Pendulum  B is  a physical  pendulum 

SET  L’P:  For  pendulum  B the  distance  d from  the  Axis  to  the  center  of  gravity  is  3Z./4  . / - i(«i  1 2 )L*  fc>r  a bar  of 

mass  tn:2  and  tb:  axis  at  ooc  end.  For  a small  ball  of  mass  m 2 at  a distance  L from  the  axis.  / - (tn  •'  2)£‘ . 


Execute:  Pendulum  A:  Tt  s2tJ-  . 

Pendulum  B:  1 ^ /*,  W*,  - i(te/2)I*  + (m/2)l1  . 


7,  - 2tJ— l—  - 2jtJ — ^ 2.7  |—^1  1 ^ 2*  f—  | - 0.9437*  . The  period  is  longer  £c>r  pendulum  A. 


EVALUATE:  Example  13.9  shows  that  for  th:  bar  alone.  7 - - 0.816 7,  . Adding  the  ball  of  equal  miss  to  the 

end  of  the  rod  increases  th:  period  compared  to  that  for  the  rod  alone. 
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13.54. 


13.55. 


13.56. 


13.57. 


13.58. 


IDENTITY:  The  ornament  is  a physical  pendulum:  7*  - 2 XyJ/'mgd  (Hq.13.39X  T is  the  target  variable. 

SET  UP:  / - 5MRJf3%  th:  nximent  of  inertia  about  an  axis  at  the  edge  of  the  sphere,  d is  the  distance  from  the  axis 

to  the  center  of  gravity,  which  is  at  the  center  of  the  sphere,  so  d - R. 

Execute:  T - lx  - 2xN/5V3Nl0.050  nV(9.H0mx* ) - 0.58  s. 

Evaluate:  a single  pendulum  of  length  R - 0.050  m has  period  0.45  s.  the  perxid  of  the  phvsaral  prndulum  is 
longer. 

IDENTITY:  Pendulum  .1  can  tv  treated  as  a simple  pendulum  Pendulum  8 is  a physical  pendulum  Use  the  parallel 
axis  theorem  to  find  the  moment  of  inertia  of  the  ball  in  B tor  an  axes  at  the  top  of  the  string. 

SET  UP:  For  pendulum  B the  center  of  gravity  is  at  the  center  of  the  hall,  so  d - L . Tor  a solid  sphere  w ith  an  axis 
through  its  center.  /...  - LUR1  • R - U2  and  = ±,Ml}  . 

Execute:  Pendulum  A : T -2.7  I—  . 


Pendulum  B:  The  parallel-axis  theorem  says  / - lm  + Ml}  - ±Ml: . 

i 


" ~~  mgd  “ “ TV 1 OA/fil.  V 1 0 


ill  2t  /£ 
g 


- 1.05/. . It  takes  pendulum  B kmgcr  to  complete  a swing. 


EVALUATE:  The  center  of  the  ball  is  the  same  distarxc  from  the  top  of  the  string  for  both  pendulums,  but  the  mass 
is  distnhuted  ditVcrcntly  and  / is  larger  for  pendulum  B%  even  though  th:  masses  arc  the  same. 

IDENTITY:  If  the  system  is  critically  damped  or  overdamped  it  doesn't  oscillate.  With  no  dampinir.  m - Jm  k . 


i b~ 

With  underdamping^  the  angular  frequency  has  the  smaller  value  to  - J — - - — 

tfi  4 .mi 


SET  Up:  m - 2.20  kg  . k - 250.0  N m . T — and  w -ZlL 1— 

6 T 0.615 


10.22  tad  s 


Execute:  <u»  ax 


250.0  N m 

220  kg 


1 0.66  rad  s . 01  < ia  mi  the  system  is  damped.  at  - gives 


6 -2.i, I »"  -22220  kg) 


!0.0  N m 


-(10.22  rads)’  - 153  kg's  . 


2.20  kg 

(h)  Since  the  motion  has  a period  the  system  oscillates  and  is  underdamped. 

Evaluate:  The  critical  value  of  the  damping  constant  is  h - 2 Jkm  - 2^(250.0  N.'m  H2_20  kg)  - 46.9  kg  s . In  this 
problem  b is  much  levs  than  its  critical  value. 

Identity  and  SET  Up:  Use  Eq.(  13.43)  to  calculate  td.  and  then  f - affix. 


f - at  fix  = (147  ndfiVlx  ^ 0.393  llz 

(b)  Identity  and  SET  Up:  The  condition  for  critical  damping  is  b - lyfim  (Eq.  13.44) 

Execute:  h * 2 J(2.50  N m)<0.300  kg)  ^ 1 .73  kg  s 

Evaluate:  The  value  of  b in  part  (a)  is  less  than  the  critical  damping  value  found  in  port  lb).  With  no  damping,  the 
frequenev  is  f - 0.459  Hz.  the  danrune  reduces  tlx  oscillation  frequency. 


IDENTITY:  from  I:q.<  13.42)  A.  - Ax  exp  | . 

SETUP:  In  (0  = -* 

_ 2m  I A | 2(0.050  kg),  ( 0.300  m , _ n__. 

Execute:  b - — in  — - — — — ^-fai  — — - 0.0220  kgs. 

/ I A.}  1 5 00  s)  10  100m*  * 

EVALUATE:  As  a check,  note  that  the  oscillation  frequency  is  the  same  as  the  undamped  frequeixy  to 

4.8*  10  % so  Eq  . < 1 3.42)  is  valid. 

IDEN I1TY : x{t) is  given  by  Eq.f  13.42).  v.  - dx'dt  and  a,  - d\\Jdt . 

SET  UP:  d{cc&  tdi)fds  - -afrinaft . d\unaxt\'dt  - ni'cos  toi . d\e*)fdi  - -ac  * . 

Execute:  (u)  With  ^ ^ o . .r(0)  - A . 


13.59. 
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13.60. 


13.61 


13.62. 


13.63. 


(b)  v - —-Ac  - — co*  0*1 -co  jin  oh 
* dt  2m 

slopes  do\V IV 


4 I 


If)  a~^L  = Ac^‘- 


rj 

- CO  COS 


and  at  / - 0.  v.  = -Abf2m;  the  graph  of  v versus  / near  t - O 

h-  k 


<o'/>  . . : , „ < b‘  rJ  . b-  k \ 

t * sin  oi  ( .andair-0.  a - A -n‘  -A  — 

2-  y*?  -’»• 


(Note  that  this  it  I -by.  - kx.  )jm.  I nit w ill  be  negative  if  ft  < sJZkrn.  r.aa  if  ft  - «/24m  and  positive  if  ft  > 

The  graph  in  the  three  eases  will  he  curved  down,  not  curved,  or  curved  up.  respectively. 

Evaluate:  at  (0)  - 0 corTcspnnds  to  the  situaticoi  of  critical  damping. 

iDEVim:  Apply  Eq.(l3.46). 

SET  L’P:  &t  - •jklm  correspond*  to  resonance,  and  in  this  ease  Eq.U3.46)  redures  to  A - Ft^fbo}i  . 

Execute:  <u>  a/3 
Ib>  2AX 

EVALUATE:  Note  that  the  resonanre  frequency  is  impendent  of  the  value  of  b (See  Figure  13.28  in  the  textbook!. 
lOI-N nrv  and  s»:r  UP:  Anpiv  Eq.(  13.46):  A - 


M-im-tf+bW, 


EXECUTE;  (a)  Consider  Ibe  tpecial  ease  where  * - mn»  -0.  so  A - F^iheo.  ami  ft  - F IA&,.  Units  of  — — are 


An 


^ -k.-«  l or  uni 


leufr.  Fee  units  consistency  tlie  units  or  b must  be  kg's. 


i-F 


(mK%  *) 

(b)  Units  of  Jkm  : [(N.m|kg|v*  kgra)'1'  =((kgms- Kkg>ml'''  - (kg’kV'  - kg  s.  the  same  as  the  units  for  h. 
(c>  For  cot  - JTm  (at  resonance  I A - {F^JbyJmJk. 

(i)  h- {).2y[bn 

A - A*  |— ! 

V A 0.2yjkm  0.2 k k 

(ii)  b — 0.4 Jim 

£ ‘ 

V A QAyJkm  0.4k  k 

Evaluate:  Both  these  results  agree  with  what  is  shown  m Figure  13.28  in  th:  textbook.  As  b in:  reuses  the 
maximum  amplitude  decreases. 

IDENTIFY:  Calculate  the  resonant  frequency  and  compare  to  35  llz. 

SET  CP:  co  in  rad  s is  related  to /in  1 1/  by  co  -2.rf . 

Execute:  The  resonmt  frcqueiKY  k yftiri  -^(2.1  x|0'  N m)/l0K  kg  - 139  rad  s - 22.2  lb,  and  this  package  docs 
not  meet  the  criterion. 

Evaluate:  To  make  the  package  nxet  the  requirement,  increase  the  resonant  frequency  by  increasing  the  force 
constant  k. 

I DE\  I1FY:  AM  - -kx  so  a - — 4 - co'  A is  the  macnitudc  of  the  acceleration  when  x - ±A  . v - J — A - coA  . 

m \m 

p_!L,¥L 

i i 

SKI  Up:  a - 0.0500  in.  M3  3500  rpm  - 366.5  rad  * . 

Execute:  <u>  - at  A - (366.5  rads>;(0.0500  m)  - 6.72  • I0‘  nv*; 

|b)  -nw_t  -(0.450  kgX6.72«10*  nVs1)  = 3.02x10*  N 

If)  -nA  - (366.5  rad  sKO.0500  ml  - 18.3  ms.  K - 4 nti^  - 4(0.450  kg)<18.3  m s)!  - 75.4  i 

(e)  atmAA  is  proportional  tom* . 40  Frw  increases  by  a factor  of  4.  to  1.21x10*  N . v#<1  is  proportional  to  co.  so 
v,n  doubles,  to  36.6  m s.  anti  increases  by  a factor  of  4.  to  302  i.  In  part  td).  / is  halv  ed  and  K is  quadrupled,  so 
/V.  increases  by  a factor  of  8 and  becomes  1 .41  x 10*  W . 
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13.64. 


13.65. 


13.66. 


Evaluate:  Fee  a given  amplitude.  the  maximum  acceleration  and  nuvimum  velocity  increase  when  tlx  frequency 
of  Ihc  motion  increases  and  the  period  decreases. 


-4- 


3/  Ll/+2>0ke 

ix  7*k  - 2xJ — Th:  period  of  Ihe  loaded  car  is  Tt  - 2,r.f - 


X*  - 250  kg  - j Ll^_l ; (6.125x10*  N.'m  1-250  kg -1.56x10*  kg.  T%  - 2,t^  \ 


I DEN  I1FY:  / - 2-T.i — . The  period  changes  when  the  mass  changes. 

SET  UP:  M is  the  mass  of  Ihc  empty  car  and  the  mass  of  the  loaded  car  is  3/  * 250  kg  . 

Execute:  The  period  of  the  empty 

l 6. ,25<I0‘  N''m 

4.00x10  * m 

.56x10*  kg 
hTm 

EVALUATE:  When  the  miss  decreases,  the  period  decreases. 

IDENTIFY  and  S#:r  UP:  Use  Eqs.  (13.12),  (13.21)  and  (13.22)  to  relate  the  various  quantities  to  the  amplitude. 
Execute:  (u)  T - 2 xjm:k\  independent  of  A so  period  doesn't  change 
J -l'T;  doesn't  change 
<(>  - 2t /:  doesn't  change 

(b)  £ - ^kA*  when  x = ±A.  When  A is  halved  E decreases  by  a factor  of  4;  Es  - E/ 4. 

(c)  Y"  m *A m2* fit 

vM  ^ 2r/^,  % = 2r/i  </  doesn't  change) 

Since  Ax  - 2.rf(±Ai ) - •2xfAi  - is  one-halt* as  great 

(d)  V4  -±<fk!mjAl  - x 3 

x — ±/f,t'4  gives  \\  - ly/km^A1  - ^.'16 

With  the  original  amplitude  vu  - 1 -A;?\6  - 2 J15.T6 (Ji«M 

With  the  reduced  amplitude  v2j  - - .^.16  - tJfcVir  - 4*.'I6  ^ ±JjT6  (>/£>»  M, 

vu/*1#  - Vl5.'3  - so  v2  - r^^5;  the  speed  at  this*  is  l/v5  tiroes  as  great. 

(c)  U - 4X**;  wmc  x so  san>:  V. 

A\  - fm.;  - iliim')  - AT./S;  I/S  Iiiik*  ai  great. 

EVALUATE:  Reducing  A rcdurcs  the  total  energy  but  doesn’t  atTect  the  penad  and  the  frequency. 

(a)  iDEMIFV  and  SET  Ur:  Combine  Eqs.  <13. 12) and  <13.21 ) to  relate  v and*  to  T. 

Execute:  T « lxsimk 

We  arc  given  informatHm  about  v at  a particular  x.  The  expression  relating  these  two  quantities  comes  freen 


We  can  solve  this  equation  for  Jm:k . and  then  use  that  result  to  calculate  T.  mv]  - k{A * -x1 ) 

IE  . ^|iT7  - A°,m  ""-i01*’0  ""--0.267  , 

\ X v 0.300  in's 

Then  T - 1 zjmi  ^ 2r(0.267  »)  = 1 .68  ». 


<h)  IDEM1FY  and  SET  UP:  We  are  asked  to  relate  * and  so  use  conservation  of  energy  equation: 

-IU: 

ki1  =kA‘-mv] 

* = - J(0. 100  ml*  -(0.267  »|’(0. 160  m*)1  - 0.090  m 

Evaluate:  Smaller  ||\|  means  larger  a*. 

(c)  IDENTIFY:  If  the  xl*:c  doesn't  slip  the  maximum  acceleration  of  the  plate  I Eq.  1 3.4)  equals  the  maximum 
acceleration  of  the  slice,  which  is  determined  by  applying  Newton's  2rxJ  law  to  the  xl*:c. 
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13.67. 


13.68. 


13.69. 


SET  L’P:  For  the  plate,  -tv  - mat  ami  a \ - -{kSm\x.  Tb:  maximum  |v|  is  A%  so  If  the  carrot  slice 

doesn't  slip  then  the  static  friction  force  must  be  able  to  give  it  this  much  acceleration.  The  tree-body  diagram  for  tb: 
: jitoI  slice  (miss  m’  > is  tnven  in  Figure  13.66. 


Execute:  £/*  -ma 

n - n'g  - 0 

n-m'v 


P.b  - ma 

fi.m'g  - ma  urxl  a- 

Hut  we  require  that  a - a - 


and  — I — Yf  OIOOlB|1«O.I43 

^ mg  1 0.267  % ) *,  9.S0  m'l  J 


Evaluate:  We  can  write  this  as  }tK  - to"  A\g.  More  friction  is  required  if  the  frequency  or  the  amplitude  is 
increased. 

Idem  it v : Tbc  largest  downward  acceleration  the  Kill  can  have  is  g whereas  the  downward  acceleration  of  tb:  tray 
depends  on  tb:  spring  force.  When  the  downward  acccV^ation  of  the  tray  is  greater  than  g.  then  tlie  ball  leaves  the 
tray.  ></>  - A cosf <uf  ♦ d I . 

SET  L*P:  The  downward  force  exerted  by  the  spring  is  F - kd . wbrre  J is  the  distance  of  the  object  above  the 

U 

equilibrium  point.  The  downward  acceleration  of  the  tray  has  magnitude . where  in  is  the  total  mass  of  the 

ball  and  tray.  J - A at  / •>  0 . so  the  phase  angle  d X1  and  ♦.*  is  downward. 

Execute:  <u)  — - g gives  J - — 1- — — — — Nl  ~ 1 9.40  cm  . This  point  is  9.40 cm  above  tb: 

m A I&5  N.m  ^ 

equilibrium  point  so  is  9.40  cm  ♦ 1 5.0  cm  - 24.4  cm  above  point  A. 

(b)  to  - - i ‘ - 10.2  rad  s . Tb:  point  in  (a  t is  above  tb:  equilibrium  point  so  v - -9.40  cm  . 


«.  \ 1.775  kg 

Y - .4 cost nir) gives  tat  - arccos!  -I ' - arecosl  j ! - 2.25  rad  . / - ~ ~ t,u‘  0.22 1 s . 

A 15.0  cm  10.2  rad  s 


(c>  +4 -±kA:  gives  v- J— (A3  - x *)  - I * Ip) ISO  m f -| -0.0^10  mf)  - 1.19  ms  . 

\ 1.775  kg 

iod  is  T - 2 - 


EVALUATE:  The  period 


0.615  s . To  uo  trom  the  lowest  point  to  the  Inchest  point  takes  time 


Til  - 0.308  s . The  time  in  |b»  is  less  than  this,  as  it  should  b:. 

Identity:  In  SUM.  a,^  - — — 4 . Apply  Tf-  »\ a to  tb:  top  block. 

m*4 

SET  L’P:  The  maximum  acceleration  of  the  lower  blcck  can’t  exceed  the  maximum  aceeV^ation  that  can  be  given  to 
the  other  Mock  by  the  friction  force. 

Execute:  For  block  m.  the  maximum  friction  force  is  f\  - n%n  - fit%mg  “ nfl7.  gives  ft%mg  - iko  and 


g . Then  treat  both  blocks  together  and  consider  their  simple  harmonic  motion,  a 


\{  r m 


.1.  Set 


n and  solve  fee  A.  //  g - 


Mr  m 





EVALUATE:  If  A is  larger  than  this  the  spnng  gives  the  block  with  mass  3/ a larger  acceleration  than  friction  can 
give  the  other  block,  and  the  first  block  accelerates  out  from  underneath  the  other  block. 

IDENTIFY : Apply  conservation  of  linear  momentum  to  the  collision  and  conservation  of  energy  to  the  nxition  after 


the  collision 


, * Jr 

isH>n.  / J— 
2x\m 


ind  T - — . 

/ 


Period::  Mo«km  I.M7 


13.70. 


13.71. 


13.72. 


SET  UP:  The  object  returns  to  tlic  equilibrium  position  in  tune  772  . 

Execute:  <u>  Momentum  cooscrvaticxi  during  the  collision:  m\\  - <2m)k' . V ~ -Lv,  - 1(2.00  m/x)  - 1.00  m/s  . 


Energy  conservation  after  the  collision:  — A/I'"  - —Ax*  . 


v 


1/1 


(20.0  kgKl.OO  m.'s>; 


80.0  N tn 


-0.500  m (amplitude  > 


»-2 xfm  i/i 7.  /__JI7a7  r°  ‘ ■,m -ojisifa. 


3.14  s . 


/ 0.318  1b 


2r  2r  Y 20.0  kg 

(hi  It  takes  1/2  period  to  first  return  ^(3.14  s)  - 1.57  * 

EVALUATE:  The  total  mechanical  energy  of  the  system  determines  the  amplitude.  Tlie  frequency  and  penod  depend 
only  on  the  force  constant  of  the  spring  and  the  mass  that  is  attached  to  the  spring. 

Idem  it  \ : The  upward  acceleration  of  the  nxket  produces  an  effective  downward  acceleration  for  objects  in  its 
frame  of  reference  that  is  equal  to  / . 

SET  L'P:  The  amplitude  is  the  maximum  displacement  from  equilibrium  and  is  unaffected  by  the  motion  of  the 

rocket.  The  penod  is  atVectcd  and  is  gjvcn  by  T - 2.r  (-!- . 

V£* 


1.10 


Exec  ute:  The  amplitude  is  S.S0' . 7*  - 2*  » ^ 1 .77  s . 

V4.00mV-f9.S0mV 

Evaluate:  Fee  a pendulum  of  the  same  length  and  with  its  point  of  support  at  rest  relative  to  the  earth. 


T - 2.T  /-—-2.11s.  The  upward  acceleration  dxreases  the  period  of  the  pendulum.  If  the  rocket  were  instead 

V* 

accelerating  downward,  the  penod  would  be  greater  than  2. 1 1 s. 


IDEVTIFV : The  object  oscillates  as  a physical  pendulum,  so  / - - — 


Use  the  parallel -'Axis  theorem. 


/ - /i(l  -f  A/d* . to  find  tlx  moment  of  inertia  of  each  stick  about  an  axis  at  the  hook. 

SET  L’P:  The  center  of  mass  of  the  square  object  is  at  its  gconxtrical  center,  so  its  distance  from  the  hixik  is 
Leas  45°  - L yfl . The  center  of  mass  of  each  stick  is  at  its  geometneal  center,  fee  each  stick.  /„.  - . 

Execute:  The  parallel-axis  theorem  gives  / for  each  stick  (sir  an  axis  at  the  center  of  the  square  to  be 

tmU'  2 |J  --/«/.*  and  tlx  total  / tor  this  axis  is  Iml:  . for  the  entire  atyccl  and  an  axis  at  the  hook,  applying 
tlx  parallel-axis  theorem  again  to  the  object  of  maw  gives  / - 4 ml}  + 4m</.V>/2)3  - ”ml) 

(il)- 

EVALUATE:  Just  as  for  a simple  pendulum,  the  frequency  is  independent  of  the  maw.  A wmplc  pendulum  of  length 
l has  trequeexv  f - — I—  and  this  object  has  a frequenev  that  is  slightly  lew  than  this. 


'B3 


I den  niY:  Conservation  of  energy  says 
SET  Up:  U = J aixl  E - = rE4: . 

EXECUTE:  (u>  The  graph  is  given  in  figure  13.72.  The  following  answers  arc  found  algebraically,  to  be  used  as  a 
check  on  the  graphical  method. 

^ 12(0.200  J)  _ „ 

- I 0 201m. 

Y 1 1 0.0  Mm) 

|c>  £-0.050 1 . 

(d)  V -4E . x =-j~-  0.141  m. 

(e>  From  Eq.  ( 1 3. 18).  using  v,  - and  i.  = " 1 aiui 

0 - arcttn  | V0.429 ) - 05S0  rad  . 


13-18  Chapter  13 


13.73. 


13.74. 


13.75. 


EVALUATE:  Tlic  cfcpcndcnce  of  V on  x is  not  linear  and  V - does  not  occur  at  .y  - 4 • 


C\S\ 


iDIA  1 it  \ : T 


-•-4 


io  the  period  changes  because  the  maw  chances 


SKI  UP:  — - -2.00  x 10  kg's  . The  rate  of  change  of  the  penod  is  2L 

dt  dt 


(-2.00x  10  * kg’s)  --2.12x10"*  sper  s iL  is  negative;  the  period  is  getting  shorter 

dt 


Execute:  (u>  When  the  bucket  « half  full,  m - 7.00  kg . T - - 1 .49  * . 

...  dT  2.T  (l  , ! . _ 2.T  I .•  dm  ,r  dm 

dt  \Jkdt  7T*  dt  VmT  dt 
dT 

~ kg K 1 25  N.'m) 

(c)  The  shortest  period  is  when  all  the  water  has  leaked  out  and  m - 200  kg  . Then  T - 0.795  s . 

Evaluate:  The  rate  at  which  the  period  changes  is  not  constant  but  msicad  increases  in  time,  even  though  the  rate 
it  which  the  water  flows  out  is  constant. 

IDEN  im:  Use  F.  - -Lx  to  determine  k for  th:  wire  Then  f J— . 

2*  i m 

SET  Up:  F - mi?  moves  the  end  of  the  wire  a distance  A / . 


Execute:  The  force  constant  for  this  wire  is  k - 


AT 


1 Ik 


I / 9.80  mV 


• i0  J - J — ” T’m  TT  ~ T~* 


lz\ nt  lz\M  2x11 2.00x10  m 


-11  1 llz. 


EVALUATE:  The  frequency  is  independent  of  the  additional  distance  the  ball  is  pulled  downward,  so  king  as  that 
distanre  is  small. 

IDEOTIEY  and  S*;  r UP:  Measure  x from  the  equilibrium  position  of  the  object,  where  the  gravity  and  spring  forces 
balance.  Let  +x  be  downward. 

(a)  Use  conservation  of  energy  (Eq.  13.21)  to  relate  \\  and  x.  Use  Uq.  (13.12)  to  relate  T to  hm. 

Execute:  4mv^  + i^Lx1  -4-tu 

For  x - 0 .riwv,1  - ±kAl  and  v - .4  just  as  for  horizontal  SUM.  We  can  use  the  period  to  calculate 
Jkim  : T - Ixjmfk  :rr$il>cs  JUm  - 2 xiT.  Thus  v = lxA>T  - 2x  (0.100  m ).'4.20  s -0.1 50  in  s. 


<h)  IDKMIIY  and  SET  Up:  Use  Eq.(13.4)  to  relate  at  and.Y. 

Execute:  - -Lx  %ojt  - -<L’m).y 

♦x  -direction  is  downward,  so  here  x - -0.050  m 

a.  - -(Isr.TH -0.050  m)  - -K 2^/420  s)2(0.050  m)  - 0.1 12  m's:  (positive,  so  direction  is  dow  nward) 

(c)  IDENTIFY  and  SET  Up:  Use  liq.f  1 3. 1 3)  to  relate  y and  t.  Th:  tin*:  asked  for  is  tw  ice  the  time  it  takes  to  go  from 
x - 0 to  x - -tO  050  m. 


Period*:  Motion  13-19 


13.76. 


13.77. 


Execute:  xU)  - AcosU*  + **) 

Let  0 = --t/2,  xi  x - 0 at  / - 0 Then  x - .fcosl  wr  - jt/2)  - AxinaX  - AnnfZxttT).  Find  the  time  t that  give* 

x ^ +0.0 50  m:  0.050  m ^ <0. 100  ml  sin(2 xiTT) 


IxtfT  - a*cxin(0.50)  ^ */6  and  i » 7712  - 4.20  .%  12  - 0.350  * 


The  time  asked  for  m the  problem  is  twice  thr*.  0.700  s. 

<d)  iDDmn:  The  problem  is  asking  for  the  distance  J tbit  the  spring  stretches  when  the  object  hangs  at  rest  from  it 
Apply  Newton's  2nd  law  to  the  object. 

SET  LtP:  The  free- body  dugram  for  the  object  is  given  xn  Figure  13.75. 


w 


ci  - 0 


H. 


figure  13.75 


EXECUTE:  Yf\  -mu, 
mg-kd  = 0 
d = (av'k)g 


ll.il  Jbm  -2.T.T  I part  (a))  and  m,4  -(TI2n)’ 


J - 1 y—  g-  t^-1 1 (9.80  mte1  )-4.38  m. 


EVALUATE:  When  the  displacement  xs  upward  (pun  (b)X  the  acceleration  is  downward.  The  mass  of  the  partridge  is 
never  entered  into  the  calculation.  We  used  just  the  ratxi  k 'm,  that  is  determined  from  T. 

Idem  it v : x{t)  - Aco*(a*  + <*) , v = -Aioxinic*  + ^)and  at  - -m:.x  . iu=2 xlT . 

SET  UP:  x = A when  ( - 0 gives  ^ - 0 . 


(a)  Substitution  gives  x — —0. 1 20  in.  or  using  / - y gives  x - A cos  120:  - -jL 

<10  Substitution  gives  mj  - +(0.0200  kg )( 2. 106  m/s: )-  4.21x10  * N.  in  the  + * -direction. 


arccos 


-3^4 

1 


- 0577  s. 


<d)  Using  the  tin*:  found  in  part  (c),  v - 0.665  m s. 

Evaluate:  We  could  also  calculate  tbc  speed  xn  part  (d)  from  the  conservation  of  energy  expression.  I^(.(I3.22). 
iDEMitv : Apply  conservation  of  linear  momentum  to  the  collision  between  the  steak  and  tbc  pan.  Then  apply 
conservation  of  energy  to  the  motion  after  the  collision  to  find  the  amplitude  of  the  subsequent  SUM.  Use  I:q.(13.12) 
to  calculate  the  period. 

<a)  SEE  Uf:  First  find  the  speed  of  the  steak  just  before  it  strikes  tbc  pan.  Use  a coordinate  system  with  +y 


downward. 

V,,  - 0(rdc»cd  from  ihc  ml);  y -yD  - 0.40  mu.  - r9.S0  m's*;  v,  - ? 


+2a.O'->'o) 


EXECUTE:  v,  - -.^2o,(  V-V-,)  - +J2I9W  mS1  )("#•  m)  = -.2.K0  nv. 

Set  Up:  Apply  conservation  of  momentum  to  the  collision  between  the  steak  and  tbc  pan.  After  the  collisxm  tb: 
steak  and  tbc  pan  arc  moving  together  with  common  velocity  v% . Let  A be  the  steak  and  H be  the  pan.  The  system 
before  and  after  tb:  collision  is  shown  in  Figure  13.77. 


HCtwt 

Figure  13.77 


13-29  C hjpicr  13 


13.78. 


13.79. 


Execute:  P,  conserved:  *jV4l,  + «<m4  + iivJ)v*, 

"*4**  *<«i  ♦*»*)** 

12  U 


2.2  kg  +0.20  kg 


(2.80  m si  - 2.57  m s 


(10  SET  IP:  Conservation  of  energy  applxd  to  the  SI  IM  give*  r ^kx]  - ±L  i:  where  v0  and  x(  are  the  initial 

speed  and  displacement  »>f  the  otyccl  and  where  the  dispiarement  is  measured  from  the  equilibrium  position  of  the  obfect. 
Execute:  The  weight  of  the  steak  will  stretch  the  spring  an  additional  distaixe  d given  by  kd  - mg  so 

d - — I"  **  x'r  * * *'*  ’ - 0.0539  m.  So  just  after  the  steak  hits  the  nan.  before  the  nan  has  had  time  to  move. 

k 41X1  Km 

the  steak  plus  pan  is  0.0539  m above  th:  equilibrium  position  of  the  combined  object.  Thus  x,  - 0.0539  m From  part 
(a)  v - 2.57  m s.  the  speed  of  the  combined  object  just  after  the  collision.  Then  Lnivl  + - It**’  gives 


UwJ-frfa;  J2.4  kgl2.57  m<’s)*  ♦ 

^n”‘< 35 

(c>  T - 2xyfm  t - It  I ~J  kg  - <1.49  * 


(400  Nm  1(0.0539  ml 


- 0.2 


400  N'm 


400  N m 

Evaluate:  The  amplitude  is  less  than  the  initial  height  of  the  steak  above  the  pan  because  mechanical  energy  is 
lost  in  the  inelastic  collision. 

Idi.n  nrv:  / - — |—  . Use  energy  considerations  to  find  the  new  amplitude. 

2,7  W 


SET  UP:  / -0.600  Itz,  m - 400  kg;  / - 7yjZ-  gives  A - 5685  M m.  Thus  is  tlu:  effective  force  constant  ot  th:  two  springs. 

(a)  After  tlic  gravel  sack  falls  oft,  the  rcmiining  mass  attached  to  the  spnngs  is  225  kg.  The  force  constant  of  the 
springs  is  unaffected,  so  / - 0.800  ll/_  To  find  the  new  amplitude  use  energy  consignations  to  find  the  distance 
downward  that  the  beam  travels  alter  the  gravel  falls  off.  Before  the  sack  falls  oft,  the  amount  Xo  that  the  spring  is 
stretched  at  equilibrium  is  given  by  mg  - A*,,  sor4-  mgk  - (400  kgH9.80  m>sJ).'(5685  M/m)  - 0.6895  m The 
maximum  upward  displaccnxnit  of  the  beam  is  A - 0.400  m above  this  poant.  so  at  this  point  the  spring  is 
stretched  0.2895  m.  With  the  new  mass,  the  mass  225  kg  of  the  beam  alorx.  at  equilibrium  the  spring  rs  stretched 
mg tk  -1225  kgH9  K0  m V )/(56S5  Nm>  - 0.6895  m The  new  amplitude  U therefore  <13*79  m - 0.2S9S  m - 0.098  m 
The  beam  moves  0.098  m above  and  below  the  new  equilibrium  position.  Energy  calculations  show  that  v - 0 when 
the  beam  is  0.098  m above  and  below  the  equilibrium  point. 

(b)  The  remaining  mass  and  the  spring  constant  is  the  same  in  part  (a),  so  th:  new  frequency  is  again  0.800  Hz. 

The  sack  falls  off  when  th:  spring  is  stretched  0.6895  m.  And  the  speed  of  the  beam  at  this  point  is  v - Ayjkm  - 
(0.400  m»^<56S5  X.'m)'<400  kg)  - 1.508  m s.  Take  y = 0 at  this  point  The  total  energy  of  the  beam  at  this  point,  just 
after  the  sack  falls  oft*,  is  E = K +Ud  +V0„  - 4-|225  kg  Ml -508  ms')*  445695  N/m  >0.6895  mf  + 0-  1608  J.  Let 
this  be  point  1 . Let  point  2 be  where  th:  beam  lias  moved  upward  a distance  d and  where  v - 0 . 

£,  = lk(  0.6985  m - d\  t mgd.  Ex  - E}  gives  d - 0.7275  m . At  this  end  point  of  motion  the  spring  is  conprcssed 
0.7275  m 0.6895  m - 0.0380  m At  the  new  equilibrium  position  the  spring  is  stretched  0.3879  in.  so  the  new 
Amplitude  is  0.3789  m ♦ 0.0380  m - 0.426  m.  Energy  calculations  show  that  v is  also  zero  when  the  beam  is  0.426  m 
below  the  equilibrium  position. 

Evaluate:  The  new  frequency  is  independent  of  the  point  in  the  motion  at  which  the  bag  falls  oft*.  The  new 
amplitude  is  smaller  than  the  original  amplitude  wftxn  the  sack  falls  oft*  at  the  maximum  ipw  ard  displacement  of  the 
beam.  The  new  amplitude  is  larger  than  th:  original  amplitud:  when  the  sack  falls  oft*  when  the  beam  has  maximum 
*|wd. 

IDENTIFY  and  SET  L* P:  Use  Eq.(  13.12)  to  calculate  g and  use  Fiq.l  1 2.4)  applied  to  New  Ionia  to  relate  g to  the  mass 
of  the  planet. 

Execute:  The  pendulum  swings  through  4 cycle  in  1.42  s.  so  f-  2.84  s.  L - 1.85  m.  Use  T to  find g: 

T - l.XyfLg  so  g - I<2*/ry  - 9.055  mf%2 

Use  g to  find  the  mass  .l/f  of  Newtonia:  g - GM^R] 

IxR  -5.14x10' m.  so R -8.18x10*  m 


Period::  Motion  13-21 


13.80. 


13.81. 


13.82. 


13.83. 


Evaluate:  # is  similar  to  that  at  the  surface  of  the  earth.  The  radius  of  Newlonia  it  a little  lest  than  earth's  radius 

and  its  mats  is  a little  more. 

IDENTIFY : F,  = -Lx  allows  us  to  calculate  k.  T = 2t\/oi7J  . x(f)  - Aco^cX  + p) . Fm  * -Lx  . 

SET  UP:  Let  0 = xf2  so  *(f)  - A sinftuf ) At  / - 0 , x = 0 and  the  object  it  moving  downward.  When  the  object  is 
below  the  equilibrium  position,  is  upward. 


EXECUTE:  <u  > Solving  1:4  ( 13. 12)  for  m . and  using  *~T7 


7 V F 


40.0  X 


- 4.05  kg. 


2x ) al  \2x)  0.250m 

(b)  r - (0.35)7,  and  so  t - ->4sn|2.?(0.3S)]  - -0.0405  m.  Since  t>Ti  4,  the  mass  has  already  gassed  the  lowest  paint 
of  its  motion.  and  is  on  the  way  up. 

(c>  Taking  upward  forces  to  be  positive.  F - - -kx%  where  x it  the  displ&remcut  from  equilibrium. 


sof...,  - -<160  N/mM  -0.030  m)r(4.05  lgH9.80m,»’)-44.S  N. 

EVALUATE:  When  the  object  is  below  the  equilibrium  petition  the  net  force  is  upward  and  the  upward  spring  force 
is  larger  in  magnitude  than  the  downw  ard  weight  of  tlx  object. 

Identify:  Use  Kq.<  13.13)  to  relate  v and  /.  7-  3.5  s. 

SET  UP:  The  motion  of  the  rat*  is  sketched  in  Figure  1 3.8 1 . 

Lei  the  raft  he  at  x = +A 
when  t - 0.  Then  0 = 0 and 
xft)  = AcoitX. 

Figure  13.81 


Execute:  Calculate  tlx  tune  it  takes  the  raft  to  move  from  y = +A  - +0.200  m to  y = A -0.100  m * 0.10)  m. 

Write  the  equation  for  x[t)  in  tenns  of  7 rather  than  to:  o - 2x  7 gives  that  v(f ) = Aco%t2xi’T) 
x = A at  r = 0 

•Y  = 0.100  in  implies  0.100  m - (0.200  m|  cos^/T) 
cos  (2rfi'7)  = 0.500  so  2 xt/T  = arccos<0.500)  = 1 .047  rad 
r = (7?2xX  1047  rad)  = (3.5  *2r)<1.047  rad ) = 0.583  s 

Tins  is  the  time  for  the  raft  to  move  down  from  x - 0.200  m to  x - 0.100  m.  Hut  people  can  also  get  oft*  while  tlx  raft 
is  moving  up  from  r = 0. 100  m to  v = 0.200  m.  so  during  each  prrnxi  of  the  motion  the  time  the  people  hate  to  get 
off  is  2/  = 2(0.583  s»  = U7  s. 

Evaluate:  The  time  to  go  fn>m  x = 0 to  x=  A and  return  is  272  = 1.75  s.  The  time  to  go  frcen  x - A/2  to  A and 
return  is  less  than  this. 

IDENTIFY : 7 = 2.T . F,(r)  = -b  to  determine  k. 

Set  Up:  Example  12. 10  derives  Fir)  - 

f?t. 


Execute:  a = F m is  in  the  form  of  I:q.(  1 3.8),  with  v replaced  bv  r,  so  the  motion  is  simple  harmonic. 


to1  - — - — . The  period  is  then  7 - — - 2.t  |—  - 2.t 


m R'  Rk 


5.38x10  m 


— - 5070  x,  or  84.5  min 


g l 9.80  m s 

EVALUATE:  The  prried  is  independent  of  the  mass  of  the  object  but  dees  &pcnd  on  Rk  . which  is  also  the 
amplitude  of  the  motion. 

Identify:  If  F^  = Lx . then  to  = . Calculate  F^  . If  it  is  of  this  form,  calculate  k. 

SET  Up:  The  grav  itational  force  between  two  point  masses  is  7*  = G — and  is  attract ivc.  Tlx  forces  on  M are 
sketched  in  Figure  1 3.83. 


42  dp 

Figure  13.83 
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13.84. 


13.85. 


13.86. 


13.87. 


EXECUTE:  (a>  r - J(dt2)3  *.v*  » d/2 , if  x « d . ta TiO  - - -J-  The  net  force  is  toward  the  original  position 

(U)Cn 

’“7 


of  3/ and  has  mignitudc  Flmt  - 2G — ^ rsinfJ.  Since  tfix  small.  tint?  a tan/?* — -and  — 1-  I.v.  This  is  a 

restoring  force. 

(b)  Comparing  the  result  xn  part  (at  to  F^  - kx  gives  k - — a 


* 1 (_  r — — I— 
m 7\~J~  Fyga? 


0.250 


let  r - 11  1 11  I " 2.40 x I0l  s - 40  min  . This  period  is  sheet  enough  that  a 

2 y (6.67  v 10  N m'  kg*  MHO  kg}  ^ * 

patient  person  could  measure  it.  The  experiment  would  have  to  be  done  such  that  the  gravitational  forces  are  much 
larger  than  any  other  forces  on  M.  The  gravitational  forces  are  very  weak,  so  other  forces,  such  as  fricticoi.  force* 
from  air  currents,  etc.,  would  have  to  be  kept  extremely  small. 

(d  t If  A/  is  di  spliced  toward  one  of  the  fixed  masses  there  is  a net  force  cei  .1/  toward  that  mass  and  therefore  away 
from  the  equilibrium  position  of  M.  The  net  fcece  is  not  a restoring  force  and  3/  would  not  oscillate,  it  would  continue 
to  move  in  the  direction  in  which  it  was  displaced 

EVALUATE:  The  period  is  very  long  because  the  reslonng  force  is  very  small. 

IDEVHFY : U(x)  - U (xp)  - J Fdx  . In  part  (b)  follow  the  steps  outlined  in  the  hint 

SET  UP:  In  part  <ak  let  a;,  - 0 and  C/fo)  = W>)  = 0 The  time  for  the  object  to  go  from  x - 0 to  x - A is  Ti  4 . 
Execute:  (u)  U = - J ‘ Fdx  - cj  ‘ xfdx  = ^x4 . 

(b)  From  contcrvjticoi  of  energy,  i.inr* -^(.44  - j4)  . v - . so  j Integrating  from  0 to  A with 


. I—  — To  use  the  hint,  let  u - — , so  that 


respect  to  .v  and  from  0 to  T/4  with  respect  to  /,  | 


77-7  a 

i.v  - a du  and  the  upper  limit  of  the  n integral  is  u - 1.  F adeems  .<*  out  of  the  square  root. 


~ = i!jkr  • wh,th  "“>• 1,0  ”po:!“ed " r a 


(c)  The  period  does  depend  on  amplitude,  and  the  motion  is  not  simple  harmonic. 

Evaluate:  Simple  harmonic  nxit  ion  requires  f - -kx . where  k is  a constant,  and  that  is  not  the  ease  here. 
IDLVIIPY:  Find  the  .vcoirqioocnt  of  the  vector  vuin  Figure  I3.6a  in  the  textbook. 

Set  Up:  v,  = -i^rin/?  and  + 

Execute:  v4  - -vusin0  . Substituting  for  vu.and  0 gives  Fq.(l3.l5). 

Evaluate:  At  t - 0 , Q is  on  the  /r*axis  aixl  has  zero  component  of  veUxity.  Tins  cor  responds  to  v4  - 0 in  Eq.(  13.15). 
I DEN  IIR':  Ml  - PiA  . K - /?*'’2in  for  a single  object  and  the  total  kinetic  energy  of  the  two  masses  is  Just  the  sum 

of  their  individual  kinetic  energies. 

SET  UP:  Momentum  is  a vector  and  kinetic  energy  is  a scalar. 

Execute:  (u)  For  the  center  of  miss  to  be  at  rest,  the  total  momentum  must  be  zero,  so  the  monvnlum  vectors 
must  he  of  equal  magnitud;  but  opposite  directions,  and  the  monenla  can  be  represented  as  p and  - p 

p-  p* 

**r- 


2ni  2(m’2) 

|c)  The  argument  of  part  (a>  is  valid  for  any  masses.  The  kinetic  energy  is 
K p'  f /»•  . , p3 


2m.  2m,  2 \ m/u2  ) )) 

Evaluate:  If  m,  -mi  - m.  the  reduced  mass  is  m2  . If  ^ »m...  then  the  reduced  mass  is  mv . 

I DEN  I1FY:  Fr  - - dV:dr  . The  equilibrium  separation  r is  given  by  F(r  ) - 0 . The  force  constant  k is  defined  hv 


r.  - -Lx . / - . | — . where  m is  the  reduced  mass. 

2.7  \ fff 


Period*:  Motion  13-23 


3. 


SET  UP:  dir  *)tdr  ^ -nr^*'"  . for  nil. 

Execute: 


(b)  Selling  Ibe  above  expreision  for  l equal  to  /era  Ihe  term  in  square  brackets  vanishes,  so  lhal  — — . nr 

K =:.  ji*1  - ft 


(c>  U(K,.)--—  --7.S7.10  " J. 

8ft, 

(<l>  The  above  expression  for  F,  can  be  expressed  as 

*>£(£■)  ~[x\  1"^[<I+W)'*_(,+W>^ 


F.  * 4-U I - » - <1  - 2(»i'ft,»J  - 4-1-7  x ft. « 

K. 


7.f 


(e>  /«  — JUm |— S.39x|0,%Hz. 

2-r  ' 2.7^  ft  m 

EVALUATE:  The  force  constant  depends  on  the  parameters  A and  Rt  xn  the  expression  for  U(r).  The  minus  sign  in 
the  expression  in  part  <dl  shows  that  for  simll  displacements  from  equilibrium.  /*  is  a restoring  force. 

IDENTIFY:  Apply  - /...r/  and  Yf  - Ma^  t to  the  cylinders.  Solve  for  a .. ..  Compatre  to  Fq.(13.S)  to  find  the 
angular  frequency  and  period.  7"  - 2^n>. 

SET  UP: 


Let  the  origin  of  coordinate  be  at  lb: 
center  of  the  cylinders  when  they  arc 
at  their  equilibrium  position. 


Figure  13.88a 

The  fiee-body  diauram  fi>r  the  cylinders  when  tbev  are  displaced  a distance  x to  the  left  is  given  in  Fieurc  13 


I 

/ -kx  - -.Ha 


H*.  -fa— Ate. 
k,  = i.lfo 


EXECUTE: 

Zr.“,-.a. 

fR  = ^MR')a 

f.  -flffi* 

Ikit  Ret  - so 

A *t 


l:q.  (13.8):  ak  - -«Ji  (The  minus  sign  U)S  that  v and  <j4  have  opposite  directions,  as  our  diagram  shows.)  Our 

result  for  am is  of  this  form,  w ith  to2  - 2E3A/  and  - <j2k  X\i . Thus  T - lx.' to  - 2tnOAT2X  . 

EVALUATE:  If  there  were  no  friction  and  the  cylinder  didn't  roll,  the  period  would  be  2 x>J.M  i.  The  period  when 

there  is  rolline  without  slipping  is  larger  than  this. 
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13.89. 


13.90. 


13.91: 


iDEAim : Apply  conservation  of  energy  to  the  motion  before  and  after  the  collision.  Apply  ccmscrvatkm  of  lircar 
monxnturn  to  th:  collision.  After  the  collision  the  svstem  moves  as  a simple  pendulum  If  the  maximum  angular 


dispi&rcmer.t  is  small.  / - - — ^ f 

SKI  UP:  In  the  motion  before  and  after  the  collision  there  is  energy  conversion  between  gravitational  patent  ia 
energy  mgh . where  ft  is  the  height  above  the  lowest  point  in  the  motion,  and  kiixiic  energy. 

Execute:  Energy  conservation  during  downward  swing;  m.gh  - and 


v-yjlgh'  - J2<9.8  m s‘KO.100  m)  - 1.40  m s . 

Uomrium  conservation  durinc  collision:  m.  v = (m,  ♦ ah. )V and  V - 


(2.00  kg II  1.40  m'st 


m.  t 


5 00  k g 


- 0.560  ms. 


Energy  conservation  during  upward  swing:  Mvft.  — A/I  arxl  ft.  - Vmf2g 0.0 1 60  m - 1.60  cm  . 

2 2(9.80  m s* ) 


f igure  13.89  shows  haw  the  maximum  aneular  displacement  is  calculated  from  ft  cos 


:ni 


50.Q  cm 


and  0 = 14.5° 


l£«i.  ill 

2 r\/  2.7  V 0. 


nr. 


- 0.705  11/: 


5(H)  m 


Evaluate:  14.5*  - 0253  rad . sm(0253  rad)  -0.250.  *in0  *0 and  Eq.(  13.34)  is  accurate. 


■500 cm  - ICOot  - AM  cm 


| hf  - I fi>  m 

figure  13.89 


Identify:  T - 2x.iV  myd 


SET  Up:  The  model  for  the  leg  is  sketched  in  Figure  13.90.  7*  - 2.r  Jlfmgd*  m - 3.1/  . d - y - — — . For 


w -tan.. 


rod  with  the  Axis  at  one  end.  / - IML‘ . For  a rod  with  the  axis  at  its  center.  / - 2-3//.* . 


Execute:  d - 


23/(1155  m}' 2)  + 3/(1. 55  m 4*11.55  m|/2) 

3 M 


- 1.292  m.  i + L + Is. 


/,  = 2(23/ K1.55  m>;  ^ (1 .602  m* ).U  . /Ja#.  b£A/(| .55  m)J . The  parallel -axis  theorem  (Eq.  9 19) gjv 
^ ^ L lft  r 41(1.55  m * 11.55  ml, '2 Y - (5.06  m5U/  ./  = /.+/>  = (7.208  m *13/  . Then 


(7208  m1).!/ 


-2.74  s. 


T - 2xJl*mgd  - 2jt  , 

v 1,t33/  M9.80ms*Kl  292  ml 

Evaluate:  This  is  a little  smaller  than  T - 2.9  s found  in  Example  13.10. 

V 

t 


Figure  13.90 

IDEMIFY:  The  motion  is  simple  harmonic  if  the  equation  of  motion  for  the  angular  oscillations  k of  the  form 
0 . and  in  this  casc  the  period  is  7*  - 2r Ik 

di * / 

SET  Up:  For  a slender  rod  pivoted  about  its  center.  I - 2-3/// 
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13.92. 


13.93. 


13.94. 


L \L  d'O 

EXECUTE:  The  torque  on  the  rod  about  the  pivot  is  z - -I  A — 0 I—,  r - la  - /-—  gives 

\ 2 )2  dr 

l^~-  0 . is  proportional  to  0 and  the  motion  is  annular  SUM  4*  ~ tt  • T - 2rj4t. 

Evaluate:  The  expression  we  used  for  the  tccquc.  r = - j A ~0  j— . . is  vulid  only  wbon  0 is  small  enough  for 


sin  O * O and  costf  * I . 

Idi.n mv  and  S*:r  t P:  liq.  ( 1 3.39)  gives  the  rvrind  for  the  bell  and  liq.  (13.34)  give*  the  period  for  the  clapper 
EXECUTE:  The  bell  swings  as  a physical  pendulum  so  its  perxid  of  oscillation  is  given  by 


T - 2.TyJj  MKd  = 2.rVlS.0kg  m^<34.0  kg  1(9.80  m s2  X0.60  m>  = 1.885  s 
The  clappvr  is  a simple  pendulum  so  its  period  is  given  by  T - l.TyjLg. 

Thus  = (9.80  m s *)(1 .885  stlaf  =0.88  m. 

Evaluate:  If  the  cm  of  the  bell  were  at  the  geometrical  center  of  the  bell,  the  bell  would  extend  1.20  m from  the 
pivot,  so  the  clipper  is  well  insade  the  bell. 


IDEVnFY:  The  object  oscillate*  as  a physical  pendulum,  w ith  / - - — ^ — ; — . where  M is  the  total  mass  of  the 
object. 

SET  UP:  The  moment  of  inertia  about  the  pivot  is  2(l/3  )Ml?  = (2*'3>  A///',  and  the  center  of  gravity  when  balanced 
is  a distance  J - L/(2j2) below  the  pivot  . 


Execute:  The  frequency  is  f - I — £ — I—- 

r 2«V4 v1:/.  4.7 

i [7  i nr 

EVALUATE:  If  f is  the  frequency  for  a simple  pendulum  of  length  /..  / = L—f  - 1 .03  f . 

2.r  i/.  ~ 2 yv2 

I DEN  tin  and  SET  U P:  Use  liq.  ( 1 3.34)  for  the  simple  pendulum.  Use  a physical  pendulum  (Eq.  1 3.39)  for  the 

pendulum  in  the  case. 

Execute:  (a)  T = 2nJUg  and  L = g(772*)!  = (9.80  m x'X4.00  %l2jr)‘  = 3.97  m 

(b)  Use  a uniform  stonier  rod  of  mass  A/  and  length  L - 0.50  m.  Pivot  the  rod  about  an  axis  that  is  a distance  d above 
the  center  of  the  rod.  The  rod  will  oscillate  as  a physical  pendulum  with  period  T = 2.T^i7'.l/#d. 

Choose  d so  that  T = 4.00  s. 

/ = Im  . Md'  - ±jML‘ . A Id-  - M(±L'  + d1) 


I = 2x 


Solve  foe  d and  wl  /.  = 0.50  m and  I - 4.00  %: 
gd(Til r?  =^L‘  rd! 
d‘~  tj!2a)‘gd  + Il/I2  « 0 

-(4.00  s/2r)'<9.80  mbV + (0.S0  m)‘/12  = 0 
d ‘ - 3.97 1 Srf  + 0.020833  = 0 
Tlie  quadratic  formula  gives 
J - ^3.97181  ^/<3.971S>' -4<0.020S33»)  m 
d = (1.98591 1.98061  m so  rf  = 3.97  m or  d = 0.0)53  m. 

The  maximum  value  d can  have  is  U2  = 0.25  m.  » the  answer  we  want  rs  d = 0.0053  m - 0.53  cm. 
Therefore,  take  a skndrr  rod  of  length  0.50  m and  pivot  it  about  an  axis  that  is  0.53  cm  above  its  center. 
Evaluate:  Note  that  r->*?  as  d ->  0 (pivot  at  center  of  rod)  and  that  if  the  pivot  is  at  the  top  of  rod  thrn 

d-L2  «d  r-2,  1*^-2.  E-2«E,2, 


Lg!2  yjg  6 y Sg  ^3(9»mV» 

4.00  s.  Thu*  it  is  reasonable  to  expect  that  there  is  a value  of  d between  0 and  1/2  for  which  T - 4.(Xl  s. 


2(050  m) 


-1.16s,  which  is  less  than  the  desired 
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13.95. 


13.96. 


13.97. 


IDENTIFY : The  angular  frequency  is  given  by  F.q.(  13.38^  Use  llic  parallel-axis  theorem  to  calculate  / xn  terms  of  x 
(a)  Srr  Ur: 


, c 


Ofpl’U'l 


- Jmgdft 


Figure  13.95 

d — .y.  the  distance  from  the  eg  of  the  object  (which  is  at  its  geometrical  center!  from  the  pivot 
EXECUTE:  / is  the  moment  of  inertia  about  tb:  axis  of  rotation  through  O By  the  parallel  axis  theorem 


A.  = £»■/-•  (Table 9.2).  so  /.  = «*' 

( It  > The  maximum  fit  asx  varies  occurs  when  dtrXdx  - 0.  - 0 give*  JJ  — — — 1 . - 0. 

i/.v  ’ dx\  (r*  -f  X.  .*1 2 > * ) 


2j 


[A  ‘ =0 


(A‘>t/12)J  2<*‘+L'/l2)A* 

-.a  2x*a  „ 
x*+z;/i2 

.Y*  + l?f  12  - 2.y:  so  a*  - L J\2.  Get  maximum  <u  wben  the  pivot  is  a distance  U^\2  above  the  center  of  the  rod. 
fc)  To  answer  this  question  vve  need  an  expression  fee  ca • : 


In  ni  - substitute  t - L’J 12. 

777?  12 


I g(Uji2)  g (I2)’1  IZT/jk  1 «/*»•  1 - 

«L  = tpi-iJ}  **i  gJi'c»L 

= 2,  rad's  give,  L - - 0.430  nv 

Evaluate:  »->0at  I-.0  Jnd  i»-. s/ig.'(2I>  = I 22Sjg/L  when  v -» U 2 is  greater  tlian  the  a - L»k2 

value.  A simple  pendulum  has  ft?  - Jpi;  is  greater  than  this. 

IDENTIFY  : Calculate  and  defux  k % by  Fm  - -*  n a . T - 2r^iw/*#f  . 

SET  L'P:  If  the  elongations  of  the  springs  are  x{  and  x1 . they  must  satisfy  r(  t j,  = 0.200  m 
EXECUTE:  (u)  The  net  force  on  the  block  at  equilibrium  is  zero,  and  so  ^ - k^x2  and  ooe  spring  ithe  one  with 
A,  - 2.00  N 'm  ) must  be  stretched  three  times  as  much  as  the  one  with  k2  - 6.00  N/m  . The  sum  of  the  elongations  is 
0.200  m.  and  so  w>c  spring  stretches  0.150  m and  the  othrr  stretches  0.050  m.  and  so  the  equilibrium  lengths  are 
0.350  m and  0.250  m 

(b)  When  the  block  is  displaced  a distance  y to  the  right,  the  net  force  on  the  block  is 

-A,  (r,ix)t  k1  ( Yj  - .r ) - [A,x,  - A^t5 ) - ( A,  r A*;.  ).y.  From  the  result  of  part  (a),  the  term  in  square  brackets  is  zero,  and 
so  the  net  force  is  -(A.  * A,  )x.  the  effective  spring  constant  is  L.  - A*  ♦- A,  and  the  period  of  vibration  is 


EVALUATE:  The  motion  is  the  sanv  as  if  the  block  were  attached  to  a single  spring  that  has  force  constant  k g . 
iDEN  I1FY : In  each  situation,  xmigin:  the  rmss  moves  a distance  A a.  the  springs  move  distances  Ax,  and  with 
lb rcci  Ft  - -k,Axr  Ft  = ~kj,xy 

SET  UP:  Let  Ax,  and  Ax,  be  positive  if  the  springs  arc  stretched,  negative  if  compressed. 

Execute:  <u>  Ax-  Ax - Ax„  F - F + F,  --(A*  *A.)Ax.  so  A -A  *A\. 
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13.98. 


13.99. 


13.100. 


(b)  Despite  the  onentation  of*  the  spring*,  and  Ibe  fact  that  one  will  be  compressed  when  the  other  is  extended. 

A x - Ax,  - Ax%  and  bath  spring  forces  are  m the  san%:  direction.  The  above  result  is  still  valid;  kM  - 4,  r ks. 

(c>  Tor  massless  springs,  the  force  on  the  block  must  be  equal  to  the  tensievi  in  any  point  of  the  spring  combination. 

irxl  F - - F . Ax,  - . Ax.  = - — . Ax  = -[  — + — I F - — —A* and  A., 


Ms 


*.+  A\ 


(<1 1 The  result  of  put  (c)  shows  that  when  a spring  is  cut  in  half,  the  effective  spring  constant  doubles,  and  so  the 
frequency  increases  by  a factor  of  Jl. 

EVALUATE:  In  cases  (a)  and  |b)  the  effective  force  constant  is  greater  than  either  A or  A*,  arxl  in  case  (c)  it  is  less. 
I DEN  111V:  Follow  the  procedure  specified  in  the  hint. 

Set  L'p:  I = XaJTg 

Execute:  on  r*AT*2xjr  j *o  ar=-<i/2M7yg>Ag. 


(Iff  The  clock  runs  slow:  A7*  >0.  Ap  < 0 and  v 


2(4.00*) 

(86.400  i) 

EVALUATE:  The  result  in  pirt  (at  says  tliat  T increases  when#  decreases,  and  the  magnitude  of  the  fractional 
change  in  T is  one-half  of  the  magnitude  of  the  fractional  change  in#. 

IDENTIFY:  Follow  the  procedure  specified  in  the  hint. 

SET  L’P:  Denote  the  position  of  a piece  of  the  spring  by  /;  i - 0 is  the  fixed  paint  and  t - L is  the  moving  end  of  the 
spnng.  Then  the  velocity  of  the  point  corresponding  to  /.  denoted  u.  isu(/)  - v-j-  (when  the  spring  k moving, 
l w ill  be  a function  of  time,  and  so  u is  an  implicit  function  of  time). 


(a)  dm  and  so 


IL 


(h>  0.  or  /hu  + Lt  -0.  which  is  t:q.(l3.4). 

(c»  m is  replied  by  so  and  M' aJL. 

3 1 3r  3 

EVALUATE:  The  effective  mass  of  the  spring  is  only  one-third  of  its  actuil  mass. 

Identify:  r - 

S»:r  L'p:  With  l = (l/3 )UL‘  and  J - 1/2  in  Eq. ( 1 3.39).  T,  - With  Ihc  added 

mas*.  I - ,M((£.73).,'!).  »i  - 2A(  and  d -(2/4>*r/2  . I - 2.t^L! /3  + j'|/(s(f,'-  + >•))  and 

r - 2 — ji _J — The  graph  of  Ihc  ratio  r versus  v i*  given  in  Iiguic  13.  HO. 

Tj.  VI  +2  vX. 


« (in  I 


(b)  From  the  expression  found  in  part  (a).  T -T„  when  \ - iX..  At  this  point,  a simple  pendulum  with  length  y 
would  ha\e  th:  same  penod  as  the  meter  stick  without  th:  added  miss;  the  two  bodies  oscillate  with  the  same  period 
uxl  do  not  affect  the  other's  motion. 

EVALUATE:  Adding  the  mass  can  either  inereasc  or  &creasc  th:  period,  depending  on  where  the  added  rmss  is 
placed. 


13-2*  Chapter  13 


13.101.  iDCMin:  Eq.(  13.39)  says  T - 2xJl'M#l . 

SKI  Up:  Let  the  two  distances  from  the  center  of  mast  be  J,  and  d..  There  are  then  two  relation*  of  the  form  of 
V + ( 1 3-39);  with  /,  = /M.  ♦ md;  and  /*  = t md ! 

Execute:  These  relations  may  be  rewritten  as  mgdj1  - 4x3  ( /M.  ♦ md'  | and  rngd^T3  - 4x2 ) r md; ). 
Subtrarting  the  expressions  gives  mg(dt~di)TA  - 4x:m[df  - - 4x1m(di  -di)(dt  +dl ) Dividing  by  the 

common  factor  of  m\d{  -*/%)  and  letting  dt  -td1  - L gives  the  desired  result. 

Evaluate:  The  procedure  weeks  in  practice  only  if  both  pivot  (orations  give  rise  to  SUM  for  small  oscillations. 

13.102.  iDDnn:  Apply  V F - md  to  the  mass,  with  a - - r<u* . 

SET  Up:  The  springs  when  stretched,  provides  an  inward  force. 

< » 

Execute:  Using  a!1!  for  the  magnitude  of  the  inward  radial  acceleration.  rruJll  -*(/-/  | . or  / - — r 

* - mm 

(b)  The  spring  will  tend  to  become  unboundedly  long. 

EXECUTE:  As  rrsonanre  is  approached  and  / becomes  very  large,  both  the  spring  force  and  the  radial  acceleration 
become  large. 

13.103.  IDI.M1FY:  Fora  small  displacement  x.  the  force  constant  k is  defined  by  F,  - -Lt  . 

SET  UP:  Let  r = + *.  so  that  r-/^=  x and  F ^ A\e  ** -e  “ ]. 

Execute:  When  x is  small  comfxircd  to  h 1 . cxpinding  the  exponentul  function  gives 
/*  a*  A [ll  - 2/u*)-(l  - Ay))  - -Ahx,  corresponding  to  a force  constant  of  Ah  - 579  N 'm . 

EVALUATE:  Our  result  is  very  close  to  the  value  given  in  Exercise  13.40. 


Fluid  Mechanics 


14.1.  iDIAiitY:  Use  Elq.l  14.1)  to  calculate  the  maw  and  then  me  w - mg  to  calculate  the  weight. 

SETUP:  p-mfV  so  pi'  From  Table  14.1.  /?- 7.8x10*  kgm*. 

EXEC  l TF-  For  a cylinder  of  length  /.  and  radius  R.  V ^ (*£*)/.  ^ ;rf0.01425  m)*'(0.SSS  m)  ^ 5.474x  10  4 m*. 
Then  m - pV  =(7.8x10*  kg m*X5.474 x 10  4 m*)^4.27  kg.  and  *•- mg  - (4.27  kg)(9.80  mV)  41.8  N labout 
9.4  lbs).  A cart  is  not  needed. 

EVALUATE:  The  rod  rs  less  thin  1 m long  and  less  than  3 cm  in  dianxrtcr.  so  a weight  of  around  10  lbs  seems 
rcaoaablc. 

14.2.  Ideviity:  Convert  gallcxis  to  kg.  Th:  miss  m of  a volume  Tof  gasoline  is  nt  - pV  . 

SET  UP:  1 ual  -3.78$  L -3.7S8xlO  * m\  1 m*  of  uasolme  has  a mass  of  737  ku. 


Execute:  45 


0 mi  gal  - (45.0  mi  ual>' 1 — -16.1  mi 

6 - 1 3.788x10  m A 737  kg 


EVALUATE:  1 gallon  of  gasoline  has  a mass  of  2.79  kg.  The  car  goes  fewer  miles  on  I kg  than  on  1 gal.  since 

1 kg  of  gasoline  is  lew  gasoline  than  1 gal  of  gasoline. 

14.3.  Identify:  p-m>V 

SET  Up:  The  density  of  gold  is  19.3x10*  kg  m* . 

Execute:  V ^<5.0x10  * mKlS.OxlO  ‘ m)f30.0xl0  1 m)*2.25xl0‘  m*. 

p - ^ ^ . - 7.02 x 10*  kgm*.  The  nxtal  is  not  pure  gold. 

EVALUATE:  The  av  erage  density  is  only  36%  that  of  gold,  so  at  most  36%  of  the  maw  rs  gold. 

14.4.  iDEVlin : Find  the  maw  of  gold  thit  his  a value  of  $1 .00x  10\  Then  use  the  density  of  gold  to  find  the  volume 
of  this  mass  of  gold. 

SET  UP:  For  gold,  p - 19.3x  10*  kg  m* . The  volume  Fof  a cube  is  related  to  th:  length  /.  of  one  side  by  V - L‘ 

Execute:  -guo,!^11 " m5*'°  '**1-719  kg.  P.H*> 

[ S426.60  ){  I troy  ounce  | V 


3.78x|n  . [-r* -0.156  m-  15.6 


F-  — " ' ^ 3.78x|0  m*.  £.-!**-  0.156  m -15.6  cm. 

p 19.3x10*  kg.'m* 

Evaluate:  The  cube  of  gold  would  weigh  about  1 60  lbs. 

14.5.  IDENTIFY:  Apply  P - miV  to  relate  the  densities  and  volumes  for  the  two  spheres. 

SET  Up:  Fora  sphere.  V -Ijrr*.  For  taxi.  p - 1 1.3 x 10*  kgm  and  for  aluminum.  ps  - 2.7x10'  kgm* . 

Execute:  m - pV  =■  ±xr  p . Sanw  miss  means  r*ps  - r{p{ . ± - j — J -|  ^ | -1.6. 

EVALUATE:  The  aluminum  sphere  is  larger,  sitxc  its  density  is  less. 

14.6.  Idlviity  : Average  drnsitv  is  p - mtV . 

SET  UP:  For  a sphere.  V - lxR‘ . The  sun  has  mass  - 1 .99  x 10**  kg  and  radius  6.96 x 10*  m 

Execute: 

7*(6.96«  I0‘ ml'  1.412  * 10'  m' 

1.99x10**  kg  1.99x10“ ko  , . , 

<b  )p — — 5.94x10  kgm 

•x<2.00x  10  m)*  3.351x10  ' m 
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14.7. 


14.8. 


14.9. 


14.10. 


14.11. 


14.12. 


EVALUATE:  For  comparison,  the  average  density  of  the  earth  is  5.5  x 10’  kg/m'.  A neutron  star  is  extremely 
dense. 

IDENTIFY:  vv - mg  and  m - pV  . Find  the  volume  I' of  the  pipe. 

SET  UP:  Fora  hollow  cylinder  with  inner  radius  ft  . outer  radius  ft  , and  length  /.  the  volume  is  V =;r(ft  - ft'  !/.. 
ft  - 1.25 x 10'3  mand  ft  = 1.75x10  2 m 

EXECUTE:  r=*<I0.017S  mf  -|0.0125m|iK1.50«n)  = 7.07xlO~4  m\ 
m a pV  - (8.9  x I0;  kgrnH7.07xl04  m;}  = 6.29  kg.  u'  = fng  = 6l.6  N . 

EVAlilATE:  The  pipe  weights  ahnut  14  pxiunds. 

IDENTIFY:  The  gauge  pressure  p - p,  at  depth  h is  p - pt  - pgfr  . 

SET  UP:  Ocean  water  is  seawater  and  has  a density  of  1 .03  x 10'  kgm ' . 

EXECUTE:  p-p,  = (1-03>I0;  ku'in  K9.80 mV)<32CIO ml ^ 3.23-10’  Pa. 


p-o.. -<J.2J‘I0  Pa)  -319  aim 

' 1.013.10  Pa 


EVALUATE:  The  giuge  pressure  is  atxmt  320  times  the  atmosph:ric  pressure  at  the  surface. 

IDENTIFY:  Hie  gauge  pressure  p - /,  at  depth  h is  p-p.,  - pgh . 

SET  t’P:  Freshwater  has  density  1 .00  x 10*  kg  m*  and  seawater  has  density  1 .03  x 10*  kg  m* . 

Execute:  <u)  />-*,  = < 1.00x10*  kg.W)(3.7l  ms*%)<500  mi  - 1.86x10*  Pa 

. P~Pt  1.86x10*  Pa 

(b)  h ^ - — Ll = 184  m 

pg  (1.03x10*  kg  m K9.80miV) 

EVALUATE:  The  pressure  at  a given  depth  is  greater  on  earth  because  a cylinder  of  water  of  that  height  weighs 
more  on  earth  thin  c*i  Mars. 

I DEN  I1FY : The  difference  in  pressure  at  posits  with  heights  yt  and  y}  is  p-  p,  - pg  (*  - >\)  . The  outward 
force  ft  is  related  to  the  surface  area  1 by  ft  - pA  . 

Set  UP:  For  blood,  p - 1 .06  x 10'  kg  m . y,  - y\  - 1 .65  m . Tlx  surface  area  of  the  segment  is  xDL . where 
D;-  1.50x10  * mand  2.^2.00x10  2 m. 

Execute:  (u>  p.-pt-i 1.06x10*  kgm*K9H0ms*%K1.65m|-l.71xl04  Pa  . 

I h>  The  additional  force  due  to  this  pressure  difference  is  Aft  - ( ft  - ft  M . 

A - xDL  - ,t< 1 .50 x 1 0 1 m)(2.00xl0  * m)  = 9.42*IO  * m\  Aft  = (l.7lxl04  PaX9.42x|0  * m)- 1.61  N . 
Evaluate:  The  pressure  difference  is  about  1 atm  . 

Identify:  Apply  p - p + pgh . 

SET  UP:  Gauge  pressure  is  p - ptt . 

Execute:  The  pressure  diffcretxc  between  the  top  and  bottom  of  the  tube  must  be  at  least  5980  Pa  in  order  to 
force  fluid  into  the  vein:  pgh  - 5980  Pa  are! 


mo 


5980  N m' 

(1050  kg  m'  *9.80  m V ) 


- 0.581  m . 


Evaluate:  The  tug  of  fluid  is  typically  hung  from  a vertical  pole  to  achieve  this  height  above  the  patent’s  arm 
IDENTIFY:  p%  - + pgh  where  is  th:  pressure  at  the  surface  of  a liquid  and  pt  is  the  pressure  at  a 

depth  h below  the  surface. 

SET  Up:  The  density  of  water  is  1 .00x10*  kg  m1 . 

Execute:  (u)  For  the  oil  layer.  - ft,,.  and  ft.  is  the  pressure  at  the  oil-water  interfare. 

A. " P...  = P„  -PHh-  <«»  ksW  X9.K0  mb’  *0. 120  m)  - 706  Pa 
(b)  For  the  water  layer.  - 706  Pa  r p^  . 

Pt~P„,sP„  - 706  Pa ♦ pgh  - 706  Pa  ♦ ( 1 .00  x 10*  kg m^^.HO  m's2 H0.250  m)  - 3.16x  10  Pa 
EVALUATE:  Hie  gauge  pressure  at  th:  bottom  of  the  barrel  is  due  to  the  combined  effects  of  th:  oil  layer  arxi 
water  layer.  The  pressure  at  th:  bottom  of  the  oil  layer  is  the  pressure  at  the  top  of  the  water  layer 
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14.13. 


14.14. 


14.15. 


14.16. 


14.17. 


IDENTITY:  An  influtirai  to  32.0  pouixls  nxans  a gauge  pressure  of  32.0  Ih*m.' . The  contact  area  A with  tlu: 
pavement  is  related  to  the  gauge  prevsure  p-  p,  in  the  tire  and  the  force  F the  tire  exerts  on  the  pavement  by 


Fk  »(/  - p*)A  . By  Newton's  third  law  the  magnitud:  of  the  force  th:  tire  exerts  on  the  pavement  equals  the 
magnitude  of  the  force  the  pavement  exerts  on  th:  car.  and  this  must  equal  the  weight  of  the  car. 

SET  Up:  14.7  lhin.:  - lOI3x  10'  Pa  - I atm  Assume  pt.  - 1 atm 

Execute:  (u)  The  gauge  pressure  is  32.0  IbTn.*  - 2.21  x 10*  Pa  - 2. IS  atm  The  absolute  pressure  is 
46.7 ftrin.*  =322x10'  Pa -=3.IS  atm . 

< l>>  No.  the  tire  would  touch  the  pavement  at  a single  poant  and  the  contact  area  would  be  zero. 

<c)  F - mg  - 9.56  x 1 0 ' N . A 1 — — 1,1  N - 0.0433  m*  - 433  cm* . 

x p-p,  2.2lx|0  Pa 


EVALUATE:  If  the  contact  area  is  square.  the  length  of  each  side  for  each  tire  is 


1.*!  cm' 


- 10.4  cm . This  is  a 


realistic  value,  based  on  our  observation  of  the  tires  of  cars. 

IDENTIFY  and  SET  Up:  Use  i:q.(  14.K)  to  calculate  the  gauge  pressure  at  this  depth.  Use  Eq<  14.3)  to  calculate  tbc 
force  the  inside  and  outside  pressures  exert  on  the  window,  and  combine  the  fceces  as  vectors  to  lind  the  net  force. 
Execute:  la)  gauge  pressure  - p-p.  - pgh  From  Table  14.1  the  density  of  seawater  is  1.03x10'  kg-m*.  so 


p-p,-pgh- |IO3xl0'  kg'm1  )(9.80 m'»i)(250 m) - 2.52 x 10’  Pa 


(b)  Tlie  force  on  each  side  of  the  window  is  F - pA.  Inside  tbc  pressure  is  and  outsid:  in  tbc  water  the  pressure 


is  p-  p%- f pgh.  The  forces  arc  shown  in  Figure  14. 14. 

Ml  Ml  ItK  ncl  <one  “ 

Fl  - f,  - (/v  + pgh M ~ P.A  ~ >Pgh)A 

F, (2.52x1 «'  Pa).r(0.  ISO  ml1 

F,-F,  = 1.78x1  O'  N 

Figure  14.14 

EVALUATE:  The  pressure  at  this  depth  is  very  large,  over  20  times  normal  air  pressure,  and  the  net  force  on  the 
window  is  huge.  Diving  bells  used  at  such  depths  must  be  constructed  to  withstand  these  large  forces. 

Identify:  = a . - P a pgh 

SET  Up:  1 atm  = 1.0!3x  10*  Pa  . The  density  of  water  is  l.Xx  10'  kg/m4.  The  gauge  pressure  must  equal  the 

pressure  difference  due  to  a column  of  water  1370  m - 730  m - 640  m tall. 

Execute:  (I.OOxlO1  m“  X9.H0  nv'»’  >(640  m(  - 6.27  » I O’  Pa -61.9  aim 

EVALUATE:  The  gauge  pressure  required  is  directly  proportxinal  to  the  height  to  which  the  water  rs  pumped 
IDENTITY  and  SET  UP:  Use  I:q.(  14.6)  to  calculate  the  pressure  at  the  specified  depths  in  th:  open  tube  Th: 
pressure  ts  the  san>:  at  all  paints  the  same  distance  from  th:  bottom  of  the  tubes,  so  the  pressure  calculated  in  part 
<bl  is  the  pressure  in  the  tank.  Gauge  pressure  is  the  difference  between  the  absolute  pressure  and  air  pressure. 
Execute:  ps  -980  millibar  -9.80 xio*  Pa 

(a)  Apply  p - p%  ♦ pgh  to  the  right-hand  tube.  The  top  of  this  tube  is  open  to  the  air  so  pt>  - ps.  The  density  of 
l he  liquxl  (mercury)  is  I 3.6  x 1 0‘  kg'm1. 

Thus  P-9.S0-10'  Pa><13.6«IO‘  kgWx9.S0  m'i'HO.OTOO  m>  = l.07x  10'  Pa 

(b)  pgh  - 9.80 x 10'  Pa  - < 1 3.6 - 1 0‘  kg  'm1  H9.S0  ml'  )(0.040()  m»  - 1 .03  « 1 0'  Pa 


■o* 


■ PI*)* 


<c)  Since  >\  - y,  - 4.00  cm  the  pressure  at  the  mercury  surface  in  the  left  hind  end  tube  equals  that  calculated  in 

part  (b).  Thus  the  absolute  pressure  of  gas  in  the  tank  is  1 .03  x |0  Pa 

<d)  p-A. -/>£*-<  13  6x10*  kgm‘X9.SOmi’sJ)(0.0400  m)-5.33xlO>  Pa. 

EVALUATE:  If  Eq.(  14.S)  is  evaluated  w ith  the  density  of  mercury  and  p-p.-  I atm  - 1 .01  x 10*  Pa.  then  h - 76  cm 
The  mercury  columns  here  are  much  shorter  than  76  cm.  so  the  gauge  pressures  arc  much  less  than  1.0  x 10*  Pa. 
IDEVIIFY:  Apply  P - P,  + pgh  . 

Set  Up:  For  water,  p - 1 .00  x 1 0*  kg  m* . 

Execute:  p-pm  ^pgfi -(I.OOxlO*  k$W  )(9.80ia%*)<6.1  m|-6.0xl0*  Pa. 

Ev  aluate:  The  pressure  ditTcrence  increases  linearly  with  depth. 
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14.18.  (Dt.MiM  and  S*:r  UP:  Apply  F:q.(l4.6)  lo  the  water  and  mercury  columns.  The  pressure  at  th:  bottom  of  the 
water  column  is  the  pressure  at  the  top  of  the  mercury  column. 

EXECUTE:  With  just  the  mercury,  the  gauge  pressure  at  the  bottom  of  the  cylinder  is  p - pt-t  With  the 

water  to  a depth  h^.  the  gauge  pressure  at  the  fcxittom  of  the  cylinder  k p - pu  + pnghm  + Pm  ghu  If  this  is  to  be 
double  the  first  value,  then  pjfi \s  - 

fc.  ■ (pjpm ) * <0.0500  m)(  13.6x1  &tl .00  x 10; ) - 0.680  m 


The  volume  of  water  is  V - hA -(0.680  mXl2.0x  10  4 m*)- 8. 16x10  4 m*  - 816  cm 

Evaluate:  The  density  of  mercury  is  13.6  lures  the  density  of  water  and  (13.6X5  cm)  - 68  cm.  so  the  pressure 
increase  from  the  top  to  the  bottom  of  a 68-  cm  till  column  of  water  is  the  same  as  the  pressure  increase  from  top  t< 
bottom  for  a 5*cm  tall  column  of  mercury. 

14.19.  Idem  it  v : Assume  the  pressure  at  the  upper  surface  of  the  ice  is  pt  - 1.013x10*'  Pa  . The  pressure  at  the  surface 
of  the  water  is  increased  from  pt  by  p^gh^  and  then  increases  further  with  depth  in  the  water. 

SETUP:  *0.92x10*  kg,'m‘ and />>Aa  = 1.00*1 0*  kgm'. 

Execute:  p-p,-  p..g> u * p...  gh.„  ■ 

p-p,-< 0.92x10*  kgm'x9.S0  mV XI -75  ra)  + (l.00x  10*  kg,m‘H9.80  m*-'X2.S0  m). 

p- a,  = 4.03x10'  Pa. 

p-p,  +4.03x10*  Pa  =1.42-10'  Pa  . 

EVALUATE:  The  gauge  pressure  at  th:  surface  of  the  water  must  b:  sufficient  to  apply  an  upward  force  on  a 
section  of  *cc  equal  to  the  weight  of  that  section. 

14.20.  iDEMlfrY:  Apply  p - p,  T pgh » where  pt  is  the  pressure  at  the  surface  of  the  fluid  Gauge  pressure  is  p - . 

SET  Up:  For  water,  p - 1 .00  x 1 0*  kg  m* . 

EXECUTE:  (u)  The  pressure  difference  between  the  surfare  of  the  water  and  the  bottom  k due  to  the  weight  of 
the  water  and  is  still  2500  Pa  afler  the  pressure  increase  above  the  surface.  But  the  surface  pressure  increase  is  also 
transmitted  to  the  fluid,  making  the  total  difference  from  atmospheric  pressure  2500  Pa  1-1500  Pa  - 4000  Pa  . 

2500  Nm; 

(IMOkgm’KO.HOms) 

To  keep  the  bottom  gauge  pressure  at  2500  Pa  afler  the  1500  Pa  increase  at  the  surface,  the  pressure  dre  to  the 

water's  weight  must  be  reduced  to  1000  Pa:  h 1,10,1  N *** - 0.102  m.  Thus  th:  water  must  he 

(1000  kg  m'  1(9.80  mV) 

lowered  by  0.255  m - 0.102  m - 0 153  m. . 

Evaluate:  Note  that  pgh , w ilh  h - 0. 1 53  m . is  1500  Pa. 

14.2 1.  IDSMIFY : P-  + Pgf*  F - pA  • 

Set  Up:  For  seawater,  p - 1 .03  x 10*  kgm* 

EXECUTE:  The  force  /‘that  must  he  applied  is  th:  diflercnce  between  the  upward  force  of  the  water  and  the 
downward  forces  of  the  air  and  the  weight  of  the  hatch.  The  difference  between  the  pressure  inside  and  out  is  the 
gauge  pressure,  so 

F - < pgh ) A - u - (1 .03  x |0‘  kitm;  K9.S0  mV  H30  m)(0.75  m* ) - 300  N - 2.27 xlO*  N. 


(b)  Initially,  the  pressure  dre  to  the  water  alone  is  2500  Pa  - pgh-  Thus  /i  - 


0.255  m 


EVALUATE:  The  force  due  to  the  gauge  pressure  of  the  water  is  much  larger  than  the  weigh*  of  the  hatch  and 
would  he  irrfiossibV:  for  the  crew  to  apply  it  Just  by  pushing. 

14.22.  iDSXnfY:  The  focee  on  an  area  .-1  due  to  pressure  p is  /•*  - pA  . Use  p-  p.t  - pgh  to  find  th:  pressure  inside  the 
tank,  at  the  bottom. 

SET  Up:  1 atm  - 1.01 3x  |0'  Pa  . For  benzene,  p-  0.90  x 10  ‘ kgm* . The  area  of  the  bottom  of  the  tank  is 

. where  D - 1 .72  m . The  area  of  the  vertical  w alls  of  the  tank  rs  xDL . w here  L - 1 1.50  m 
Execute:  (u)  At  th:  bottom  of  the  tank. 

P-P.'  PX*  -92(1.013x10'  Pa)-.(0.90- 10*  kg'm‘)(0.894)|9.80  nVi'X'  1-50  m» 
p -9.32-10*  Pa  » 9.07  x 10*  Pa-9.41-10*  Pa  . F . - pA  - (9.41.10*  Pa)f|1.72  ml’ ,4  - 2.19-10'  N. 

(b>  Al  the  outside  .surface  of  I he  hotlom  of  the  lank,  the  air  pressure  Up-  (921(1 .013  x I0'  Pa)  - 9.32  - 10'  Pa  . 
F_-pA-  (9.32  x 10*  Pa);(!  .72  m l’  V4  = 2. 1 7 x I o’  N . 
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14.23. 


14.24. 


14.25. 


I4.2li. 


(il  ity- 


70  Pa  . (til  1170 


(Cl  F ; ^ fi/U9 2*1.013*W  Pa|ir(1.72  m|{l  1.5  m|  - 5 79*  ID*  N 

Full  \U:  Mot!  of  die  ftccc  in  part  u>  is  doc  lo  Ibe  92  aim  of  air  pressure  aKtvc  the  surface  of  tlic  bemOB  and 
die  net  faire  on  llir  Km  urn  of  dc?  tank  et  much  lent  lhan  Ibe  inward  and  outward  forces 

IlilMlh : 71k  gauge  preicsurc  at  tlic  ti:p  of  Ibe  ail  cxilumn  nurtt  pnducc  a foav  on  the  disk  dial  Lt  equal  to  its  weight 
si:r  IK  The  area  of  the  buttom  of  the  disk  is  A =>  ar3  - .7(0. 1 50  m)1  « 0.0707  mJ . 
iv  45.0  N 

EXECUTE:  <n>  p-p -636  Pa 

A 0 071)7  m 

(b|  The  increase  in  pressure  produces  a three  on  the  disk  equal  ui  the  increase  in  weight.  By  Pascal's  lmv  the 
i ncie aw  in  pressure  it  transmitted  to  all  points  in  the  oil. 

K.1.0  N 
0.0707  m‘ 

EVALUATE:  The  absolute  pressure  at  the  top  of  die  oil  produces  an  upward  force  on  the  disk  but  this  furcc  it 
partially  balanced  by  the  force  due  to  tlic  air  pressure  at  the  top  of  the  disk. 

ItiEXlirv:  F,  - — f /*.  must  equal  the  weight  ir  - mg  of  the  car. 

SEE  L>:  .4  - .7  D'  r 4 . £),  » the  diameter  of  the  vessel  at  the  piston  where  A-*  it  applied  and  of  the  diameter  at 
the  car 

..  rO.”  /A  D.  Img  /(I520  kglOKO  m'*1) 

irDf/4  Q \ F,  V 125  N 

EVALUATE!:  The  diameter  is  snuller  where  the  force  is  smaller,  to  the  pressure  will  be  the  same  ai  both  pistons. 
lOEN  Urv  : Apply  V/*  - mu  to  the  piston,  with  +y  upw  ard.  F - pA  . 

srr  UP:  I atm  - I 01 3w  10'  Pa  . The  force  diagram  for  the  piston  is  given  in  Figure  14  25  p it  the  absolute 

pressure  of  the  hvdrauhc  fluid. 


iv 

•An  I'TEs  pA  - ii  - p+.A-Q  and  p-p^  = prw  — 


mg  (1200  kcM9S0  mV) 


1.7.10'  Pa -1.7  aim 


■r(0.1S  m>- 

En  ALUaTE:  The  Lircer  the  diameter  of  the  piston,  die  smaller  the  eauge  pressure  required  to  lift  the  car 


iUs 

iDEXnSY:  Apply  Newton**  2nd  law  to  the  woman  plus  slab.  The  buoyancy  force  exerted  by  tlie  water  is  upward 
uni  given  by  B - p,  JirT,  where  l*A#^  u the  volume  of  water  displaced. 

SEE  UH  The  fluitinu  object  is  liar  slab  of  ice  plus  the  womin;  tlic  buoyant  force  must  support  both  TTk  volume 
of  water  displaced  equals  the  volume  1 of  the  ice.  The  frec*K»dv  diauram  is  given  in  Fieure  14.26. 


'm* 


Fisurr  14.26 


Euilill;  V/*  — iiui. 

B 

Hill  a-m/v  HI  "I . - pi' 


45.0  ky 


45.0  ki- 


— -0562  m' 


- A.  1 0,10  lS  m ' - Q'D  •‘S'-™ 

Ev»u:.»rt:  Die  man  ofice  u m - p K -5171m. 
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14.27. 


14.28. 


14.29. 


14.30. 


Identity : Apply  y.F.  - ma.  lo  the  sample,  with  t v upward.  B - A,u..K,ty  . 

SET  up:  = mg  - 1 7.50  N and  «i  1 .79  kg  . 

Execute:  r+tf-mg-0.  S=«g-r  = 17.50N-ll.20N^6.30N. 

£ 6.43*10  ' m'. 

(l-OOx  10  kgrtn' H9.H0  mi  ) 

p^  — - 1 79  kg -2.7S*10‘  kgi'm1 . 

' I-  6.43*  10 * m'  * 

EVALUATE:  The  density  of  tlic  sample  is  greater  than  that  of  water  and  it  doesn't  float. 

IDENTITY:  77»e  upward  buoyant  force  B exerted  by*  the  l>quid  equals  the  weight  of  the  fluid  displaced  by  the 
object.  Since  the  object  floats  the  buoyant  force  equals  its  weight. 

SET  UP:  Glycerin  has  density  p^t  - 1 26 x 10*  kg'm1  and  seawater  has  density  p„  - 1 03  x 10‘  kg  m* . Let  be 
tlie  volume  of  the  apparatus.  gk  -9.80  mi's* : gc  - 4.15  m's*  . Let  be  the  volume  submerged  on  Caisi 
Execute:  On  earth  B-pm  <0.250^()gk  - mgfi . »i  - (0.250 )pdVta  . On  Caaxi.  B ^ - mg<  . 

m - pY^  . Tlx  two  expressions  for  m must  he  equal,  so  (0.250)1^/7,,  - and 


V = 


f 0.2 50o  _ f [0.250111 .0.3 « 10'  kum‘1 


* m 


r.  = 


1.26x10'  kc'nT 


[’  = 0.201  U . 20.4%  of  the  volunx  will  be  submerged  i>n 


Caasi. 

EVALUATE:  Less  volume  « submerged  in  glycerin  since  tlx  density  of  glycerin  is  greater  than  the  density  of 
seawater.  The  value  ofg  on  each  planet  cancels  out  and  has  no  effect  on  tlx  answer.  The  value  of  g changes  the 
weight  of  the  apparatus  and  the  buoyant  force  by  the  same  factcc. 

IDENTITY:  For  a floating  object,  the  weight  of  the  objort  equals  the  upward  bixiyancy  force.  B . exerted  by  the 
fluid. 

SET  UP:  B - . The  weight  of  the  cbjcct  can  be  written  as  h*  - . For  seawater. 

p = 1.03x10*  kgm* . 

Execute:  (u)  The  displaced  fluid  must  weigh  more  than  the  object,  so  p<  pt 

( It  > If  tlx  ship  does  not  leak,  much  of  the  w ater  will  he  displaced  by  arr  or  cargo,  and  the  average  density  of  the 
floating  ship  is  less  than  that  of  water. 

V P 

(c)  Let  the  portion  submerged  hive  volume  I*,  and  tlx  total  volume  be  V,  . Then  p\\  - x>f  . Y ,si>  Tlx 

1 • Aw. 


fraction  abxivc  the  fluid  surface  ts  then  1 . If  p ->  0.  the  entire  object  floats,  and  if  p ->  p... . none  of  tlx 

Av>z 

obiect  is  above  the  surface. 


(0.042  kg)/( [5.0114.0113.01x10  W> 


(d)  Using  the  result  of  part  <cK  1 - 


- 0.32  - 32% 


Puu  1 :30kg.  m‘ 

Evaluate:  For  a given  object,  tlx  frartion  of  the  object  above  the  surface  increases  when  the  density  of  the 
fluid  in  whach  it  floats  increases. 

Identity:  B - puJ'+g  • The  net  force  on  the  sphere  is  zero. 

SET  UP:  The  density  of  water  is  1.00x1 0‘  kg  m ‘ . 

Execute:  (u)  B - (1000  kg  ml #0.650  m*  *9.80  m*J)^  6.37x10*  N 

_ _ . B-T  6.37x10*  N- 900  N rrnt 

|b)  B - T t-  mg  and  m 558  kg  . 

g 9.80  m's' 

(c)  Now  B - p0dt}'mAg  • w hen:  k the  volume  of  the  sphere  that  is  submerged.  B - n\g  . pt^)‘mM  - mg  and 

r„-S-  558fc»  , "OSSIm1-  ^-g^-o.85g-g5»%. 

p^  1000  kgtai  VM  0.650  m 

EVALUATE:  The  average  density  of  the  splierc  is  p . - — — — - S58  kg  m * p, M < p . . arxl  that  is  wbv 


I (K65U  m 


it  floats  with  85.8%  of  its  volume  submerged. 
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14  Jl.  IDEXIII*  and  St  r UP:  Use  Cq4  14  K)  in  calculate  ihc  gauge  pressure  at  the  two  depths 
la)  The  distances  are  shown  m Figure  14  31a. 


ft 

i qunj 

R - 

EXEtXTl:  p-p, -pgh 

Th:  upper  face  is  1 .50  cm  below  the  top  of  th:  od.  so 
p-Pc* (7.90  kgm'  X9.H0  at*' *0.0150  ml 

t.5t*  «i»»S  1 I 

/>-/\,«ll6Pa 

Figure  1 4 Jin 


<l»)  The  pressure  at  the  interface  is  - p4  +■  100  m|.  The  lower  face  at*  the  block  is  1 50  an  below  the 

interfere  so  the  pressure  there  is  p - p -t  p Wft.0150  m|.  Combining  these  two  eqmtions  cues 

p-  p.  = P«dT(O.IOO  m)+  ^„jf<0.0l50  ml 

p-p4  -|(790  kg  m "It  0.100  m) r <ltX)0  kgm*  *0.0150  ml|(9JM>  mV) 


14J2. 


14.33. 


p-p4  =921  l\i 

(c)  IDEVIIFY  and  s»:r  UP:  Outsider  Ihc  forces  on  the  block  The  anu  of  each  fere  of  the  blade  is 
.1  - |0  100  ml1  - 0.0100  m:  Let  the  absolute  pressure  at  thr  lop  lace  be  p,  and  the  pressure  at  the  bottom  face  be 
f\ ..  In  Eq.f  14.3)  use  these  pressures  to  calculate  the  force  everted  by  the  fluids  at  the  lop  and  bottom  of  the  block 
The  five-body  diagram  for  the  bktek  is  tven  in  Figure  14  J lb 

Execute:  = m# 

/\A-ptA-mg-0 

14  Jib 

Note  tiial  ( A.  * A)  a (A.  * Pa  ) "(A  * A)  c 921  Pa  - 1 16  Pa  *805  Pa,  the  difference  in  absolute  pressures  equals 
the  dilfcrcnce  in  gauge  pressures. 

-.(A-AM  iWlSPa^O-OIOm  > 

g 9.*0m*;  ' * 

And  then  p *mfV  ^ 0.821  kg <0.1  (ID  ml*  - 821  kgm4. 

EVAUsTE!  We  can  calculate  the  buoyant  force  as  O - - ^1irf,.f  )g  where  Ya  - (0.0100  m:  *0  850  m)  - 

8 50»  10  ‘ m is  Use  soltime  of  oil  displaced  by  the  block  arxl  >(0.0100  m'KO.OISO  m)  - 1 50  * 10  4m*  is  the  volume 
of  water  displaced  by  the  block.  Tins  gives  U - (0.821  kg|q.  The  m«s  of  water  displaced  equals  the  mass  of  tbc  block 
IDI.VIIFV : Tlie  sum  of  the  vertical  forces  on  the  ingot  is  zero,  p -mV  . The  buoyant  farce  is  B - p^M  • 

Sir  UP:  The  density  af  aluminum  is  2.7  - 10*  kgm4 . The  density  of  water  is  1.00*  10  ku  m 


EXECUTE:  (a)  T-aw-WS*o  m = 9.08  kg . V--- U|3S  kg 3.36*  Kl  m1  - 3.4  L . 

P 2.7x10*  kg.'m 

(b)  When  the  ingot  is  totally  immersed  m the  water  while  suspended,  T * B - mg  - 0 . 

B - = fl.lXI>  10*  kgm 1 *3.36  > 10  m K9.80  m s*  » - 3X9  N . T ^ mg- B-  89  X - 3X9  N - 56  N . 

EVALUATE:  The  buoyant  force  is  equal  to  the  difference  between  the  apparent  weight  when  the  object  is 
sul* merged  in  tlie  fluid  and  the  actual  grav  itv  force  on  the  object. 

IlilMlh : Tlie  vertical  forces  on  tlie  rack  sum  to  zero.  Tlie  buoyant  force  equals  the  weight  of  liquid  displaced 
by  the  rock.  V -L xR\ 

SFT  Up:  The  density  of  water  is  1.00*  11)'  kg  m . 

EXECUTE:  Tlie  reek  displaces  a volume  of  wata  whose  w eight  is  39.2  N - 28.4  N - 10.8  N . The  mass  of  this 
much  water  Is  thus  10.8  N <9.80  m s1)  - 1.102  kg  and  its  volume,  equal  to  the  rock’s  volume,  is 


X_ I 1.102  * 10  ‘ m‘  Th:  weight  of  unknown  liquid  displaced  » 39  J N - 1 S.6  N - 20.6  N.  and  its 

KID.  ID*  kg  m*  6 ^ 1 

mass  is  20.6  N.'|9  80  m'sJ  I - 2.102  kg.  Tlie  liquid’s  density  u thus  X 102  kg^  1.102x10  1 m')  = 1.91x10*  kgm4 
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14.34. 


14.35. 


14.36. 


14.37. 


14.38. 


14.39. 


Evaluate:  The  tfcnsty  of  the  unknown  liquid  i*  roughly  twice  tlx  density  of  water. 
iDLMlfrY:  The  volunx  flow  rate  \%A\\ 

SET  UP:  Av  = 0.750  m's‘ . A ^ xDrj 4 . 

Execute:  (u>  v*£>*/4  - 0.750  m's* . V — — 1 1,1  ’ 1 472  ms  . 

*(4.50x10  • mi 


(b)  >/)*  must  be  constant,  so  i.rf  - \\D! . i\  - 1 \ — - 1472  m's)|  — 

Evaluate:  The  larger  the  hole,  the  smaller  tlx  speed  of  tlx  fluid  as  it  exits. 
Idem  it  \ : Apply  the  equation  of  continuity.  v,4  - v}As . 

Set  Up:  a = sr 


52.4  m s . 


Execute:  i.  - tUA/A) . .4  - .t 


cm)2.  - 20,t(0.I0  cm)* . 1.  - (3.0  ms)  "{(>  H<I> . 9 5 m s 

3 3 2(kr|0.10)* 


Evaluate:  The  total  area  of  the  shower  bead  openings  is  less  than  the  cnxss  section  area  of  the  pipe,  and  the 
speed  of  tlx  water  in  the  shower  brad  opening  is  greater  than  its  speed  in  the  pipe. 

IDEMIFY:  \\Ak  - v\A%  . The  volume  flow  rate  is  \A. 

SET  UP:  1.00  h-  36(10  s. 


Execute:  (u>  v\  - 


JdU -2.33 
\ 0.105  m' 


n ■- 


/ 0.070  m" 
A * ; l 0.047  m“ 


(b>  v\  — \ ' - (3.50  nt's 


5.21ms 


n 


|c>  V = v .V  ^ (3.50  m's)(0.070  m1 )(3600  s)  ^ 

EVALUATE:  The  equation  of  continuity  says  the  volunx  flow  rate  is  the  same  at  all  poants  m the  pipe. 

I DEM  in  and  SET  U P:  Apply  Eq.(  14.10).  In  part  (a)  the  target  variable  is  K In  part  <b  I solve  for  A and  then  from 
that  get  the  radius  of  the  pipe. 

EXECUTE:  (a)  vA  - 1.20  m‘/i 

1 .20  mV*  1 .20  mV*  1 .20  mV* 


I - 


A t r*  ,t(0.150  m|; 

(b)  vA  ^ 1 .20  m Vs 
vxr*  - 1 20  in  's 


70  ms 


20  m s 


120  in  s 


0.317  m 


vjz  u<3.80  m x).r 

EVALUATE:  The  Speed  is  greater  where  the  area  and  radius  are  smaller. 
iDLMin : The  volume  flow  rate  is  equal  to  Av  . 

SET  UP:  In  the  equation  preceding  Iiq.l  14.101.  label  tlx  densities  of  the  two  points  />  and  />% . 

EXECUTE:  (u)  From  the  equation  preceding  Lq.(14  10).  dividing  by  the  lane  interval  <it  gives  I:q.(l4.l2). 

(b)  Tlx  volume  flow  rate  decreases  by  1 .50%. 

EVALUATE:  When  the  density  increases,  the  volume  flow  rate  decreases;  it  is  the  mass  flow  rote  that  remains 
constant. 

iDLMltY  and  SET  UP: 


Apply  Bernoulli's  cquition  with  points  1 and 
2 chosen  as  shown  in  Figure  14.39.  Let  y - 0 
at  the  bottom  of  the  tank  so  >*  - 1 1.0  m and 
V'j  - 0.  The  target  variable  is  vr 


p.  * pk>  . * yin'i  - P:  ’ pgy,  * ~ P‘  ‘> 

so  v,  - (As*  At)  ia.  But  tlx  crow-section  area  of  tlx  tank  ( A, ) is  much  larger  than  the  croxs-sectirei 
area  of  the  hole  I /L).  so  r,  « i\  are!  the  ipvf  term  can  be  neglected. 


14.40. 


14.41. 


14.42. 


14.43. 


14.44. 
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Execute:  This  give*  =<p,  - p,)'pg>\- 
Use  D:  - p and  solve  for  v>: 


W-P.VP+igy,  = mV'KI 10  ml 


v}  = 28.4  m s 

EVALUATE:  If  the  pressure  at  tlic  top  surface  of  the  water  were  air  pressure,  then  Ttx>cclli's  theorem 
(hxamplc  14.8)  give*  v\  - J2g(y,  - ya ) - 14.7  mi's.  Th:  actual  afflux  speed  is  much  larger  than  this  due  to  the 
excess  pressure  at  the  top  of  the  tank. 

I DEN  tin:  Toricclli's  theorem  says  the  speed  of  etllux  is  v - ^2g/i  . where  h is  the  distance  of  the  small  hole 
below  the  surface  of  the  water  in  the  tank.  The  volume  flow  rate  is  i A. 

SETUP:  A *xD*l4, with  £>-600x10' m. 

Execute:  (a)  v = J2<9.S0  mi'KU.O  m)  = 16.6  m * 

|b>  yA  = (16.6  m»)x(6.00*  10  ' m)*/4  a 4.69x10 ’*  m'.'s . A volume  of  4.69-10'  m‘  - 0.469  L i*  diulurgcd 
each  second 

Evaluate:  We  have  assumed  that  the  diameter  of  the  bole  is  much  lew  than  the  diameter  of  the  tank 
IDENTITY  and  Set  Ur: 

Apply  Bernoulli’s  equation  to  points  1 and  2 
as  shown  in  Figure  14.41.  Point  1 is  in  the 
mams  and  point  2 is  at  the  maximum  height 
reached  by  the  stream,  so  \\  - 0. 


gauge  pressure 


Figure  14.41 

Solve  for  p and  then  cot  vert  this  absolute  pressure 
Execute:  p,  -» pgy,  ♦ = pt  * pgy,  * 

Let  >*,  - 0.  Vj  - 15.0  m.  The  mams  have  large  diameter,  so  !,  * 0. 

riu»  ft  = Pi ' pgy,- 

Bui  p,  = p..  Ml  ft-  p.  - pgy,  - (1000  kg.'m'M9.K0  m»‘ X15.0  ml  - 1.47  -I0'  Pa. 

Evaluate:  This  is  the  gauge  pressure  at  the  bottom  of  a column  of  water  15.0  m high. 

Identity:  Apply  Bernoulli’s  equation  to  the  two  poonts. 

SET  L’P:  The  continuity  equxtion  says  v,.*l  - v}As . In  Eq.(  14. 17)  either  absolute  or  gauge  pressures  can  be  used 
it  bath  points. 

Execute:  Using  i - ± i . 


r ■ p * zfi't  "ft* ps  O'.  - y> ) 


p.+p 


p.-S.OO-lO'  Pa -1(1.00-10'  kgHi'i;  11(5.00  m»>*  »(9  K0  mV'XI  1.0  m)  | - 1.62*10'  Pa. 

Ev  aluate:  The  (feercasc  in  speed  and  the  &ereasc  in  height  at  point  2 both  cause  the  pressure  at  point  2 to  he 
greater  than  th:  pressure  at  point  1. 

IDENTITY:  Apply  Bemnulli’s  equation  to  the  air  flowing  p»t  th:  wing.  F - pA  . 

SET  Up:  Let  point  1 he  at  the  top  surface  and  point  2 be  at  the  bottom  surface.  Neglect  the  pg{y\  - y» ) temi  in 
Bernoulli’s  equation.  In  calculating  the  net  force  take  to  be  upward 
EXfXITE:  P,  1 pgr,  4p»-  = p.  1 pgy ; r tP'j  • 

Pi  ~ P.  - t Ptf  ~ »;>  = t"  20  kg'm'  Hl’0.0  nvtf  -160  0 nn];)  - 780  Pa  . 

The  net  force  exerted  by  the  arr  is  p.A  - pA  = (780  Pa)|  16.2  mJ ) = 12.600  N . Th:  net  forec  k upward. 
Evaluate:  The  pressure  is  lower  where  the  fluid  speed  is  higher. 

IDENTITY:  p-  m tV  . Apply  the  equation  of  continuity  and  Bernoulli’s  equation  to  points  1 and  2. 

SET  UP:  Tbc  demity  of  water  is  1 kg’L. 

I! ui I n: 


60.0  s 


14-10  C hjptcr  14 


<b>  The  density  of  the  liquid  is  — 1000  ka'm\  and  so  the  volume  11  o»  rate  is 

0.355x10  m 

1.30x10  mVs  - 1.30  L's.  This  result  may  also  be  obtained  from  1 ',v|  v - I 30  L'. 

(c»  v . 1 '°'1'  n>  ' - 6.50  ms . v,  - vy  4 - 1 .63  m s . 

1 2.00  x 10  m ' 

(d)  p,  = p>+  -p{v\  - if ) ♦ pg{y,  - y,  | . 

p -152  IPa  *<1000  kg  m')(4[I.6.1  ms)1  -(6.50  nv'i)’ ] » (9.S0  ro^M-IJS  m)| . p,  - 1 19  kl*a  . 

EVALUATE:  The  increase  in  height  and  the  iixreasc  in  fluid  speed  at  point  1 both  cause  the  pressure  at  point  1 lo 
be  less  than  the  pressure  at  point  2. 

14.45.  Idexhey:  Apply  Bernoulli's  equation  to  Ihe  two  points. 

SET  Up:  v,  - y2 . Vj.-i,  - \\A: . A2  - 2A, . 

Execute:  p ♦ * 4/»f  - /»,  * pgy. *■  -i»i  • »’>  = v.(  -j  ja  <’so  "“'j  | “ 1 25  ml 

P,  - P 'rfl'i  I.S0-10*  Pa  --(1000  kg  m'X|2  50  mif  -[1.25  msf)  = 203x10*  Pa 
Evaluate:  The  $iuge  pressure  is  higher  at  the  second  point  because  th:  wateT  speed  is  less  there. 

14.4b.  IDENTIFY  and  SET  UP:  Let  point  1 be  where  ij  - 4.00  cm  and  point  2 he  where  fj  - 2.00  cm.  The  volume  Bow- 
rale  vl  has  the  value  7200  cm4/*  at  all  poants  in  the  pipe.  Apply  Iiq.<  14. 10)  to  find  the  fluid  speed  at  points  I and 
2 and  then  use  Bernoulli's  equation  for  these  two  poants  to  find  Pj. 

Execute:  \\A,  - vjrrt}  - 7200  cm4,  so  V,  - 1.43  ms 
\\Ai  — - 7200  cm',  so  v1  - 5.73  m s 

P>  + PX>\  + - Pi  + Pg>'i  + ?PV\ 

y - >*.  and  p - 2.40  x I O'  Pa.  so  p:  - p ♦ -rpi  if  - ) = 2.25  x 10*  Pa 
EVALUATE:  Where  the  area  decreases  the  speed  increases  and  the  pressure  decreases. 

14.47.  Idea  I1EY:  F - pA  . where  A is  the  cross*  sectional  area  presented  by  a hemisphere.  The  force  /-'4  that  the  body 

builder  musa  apply  must  equal  in  magnitude  the  tKi  force  on  each  hemisphere  due  to  th:  air  inside  and  outude  the 
sphere. 

SETUP:  A - . 

EXICITF-  (a) 

<l>)  The  force  on  each  hemisphere  due  to  the  atmosphere  rs 

*(5O0x  10  ' m)Jfl.013x  10'  Pa  atmK0.975  aim)  - 776  N . The  bodybuilder  must  exert  this  force  on  each 
hemisphere  to  pull  them  apirt. 

EVALUATE:  The  force  is  ifoout  170  lbs.  feasible  only  for  a very  sarong  person.  The  fcece  required  is  proportional 
to  the  square  of  the  diameter  of  the  hrmisphcrcs. 

14.48.  iDEVnn  : Apply  p-  p.,+  p%h  and  AT  - - ‘ ^ ■ .where  B is  the  bulk  modulus. 

s»:r  UP:  Seaw  ater  has  density  p - 1 .03  x 10*  k&  m The  bulk  modulus  of  water  is  B - 2.2  x |0V  Pa 
p„  =1.01x10'  Pa. 

Execute:  (u)  p*^pml+pgfi*  l.oixio'  Pa  + tf.OJxlO1  kg/ra*)(9.80  nVs*)<H>.92  X 104  m)  = l.  10x10*  Pa 
<b)  At  the  surface  1.00  m‘  of  seawater  has  mLss  1.03x  10*  kg.  At  a depth  of  10.92  km  the  change  in  volume  is 

AP  - : ^ * ' — - * 1 " J ‘ 1 1 : ‘V  1 111  ''  -0.050  m The  volume  of  this  mass  of  water  at  this  depth  therefore 

B 2 2 - 10*  Pa 

is  V - V%  -f  A V - 0.950  m . p - 1 ' ^ — — 1 .08 x 10*  kg/m  . The  density  is  5%  hrger  than  at  the  surface. 

Evaluate:  For  water  B rs  small  and  a very  large  increase  in  pressure  corresponds  to  a small  fractional  change  in 
volume. 
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14.49.  Ititxill  Y:  In  part  (a).  ibc  fb nrc  « the  weight  of  the  water  In  pari  (h|.  the  pressure  due  to  the  water  at  a depth  h is 
pgh  . F - pA  and  m - pV  . 

Sir  UP:  The  density  of  water  is  I .OOxll)1  kg'm‘ . 

Exiclte:  (a)  The  weight  of  the  water  is 

/yl' a (1.00*10*  kg  m K‘>.K0  m'jf  )(<5.0(l  m*4.0  m)(3.0  m))^5.9xlo'  N, 

(b)  Integration  gives  the  expected  result  that  the  fnmr  is  whit  n would  he  if  the  pressure  were  uniform  and  equal  to 
the  pressure  at  thr  midpiunt.  If  d is  the  depth  of  the  pool  and  .1  is  the  area  of  one  end  of  the  piul,  then 

F = pgA^  - (I .Olti  ID'kg'm1 XV.BO  mV )(( 4.(1  mXJ.O  ml)<1.50  1.76- IQ  N . 

F.VAIX.\Tt:  The  answer  to  part  (a)  can  K:  obtained  as  F - pA  . wbac  p - pgd  ls  the  gauge  picssuic  at  the 
bottom  of  the  pool  and  A - (5.0  mil  4 0 m)  is  the  area  of  the  bottom  of  the  pool. 

14.50.  ItiEXIll  Y : Use  Fq.l  14. K)  to  find  the  gauge  pressure  versus  depth,  use  Fq.|  14..1)  to  relate  the  pressure  ta  the  force 
sin  a strip  of  the  gate,  calculate  the  lutquc  as  fane  lures  mument  arm.  and  billow  the  procedure  outlined  in  the  hint 
to  calculate  the  total  turqur. 

Si:r  lTt:  The  gate  is  sketched  in  figure  14  50a 


Let  he  the  uuque  due  li»  the  nd  force 
t>f  the  water  cm  the  upper  half  of  the  gate, 
and  r,  he  the  turqur  due  lu  the  force  cm 
the  lower  half 


I ten  re 

With  tin  indicated  sign  convention,  r,  is  pusitive  and  r4  ts  regain  c.  so  tin  net  torque  about  the  hmoc  w 
r - r,  - rfc.  Let  H be  die  height  of  the  gate. 

1 Trocr -half  of  gate1 

Calculate  the  torque  dur  to  the  fixer  on  a narrow  strip  of  height  dy  located  a distance  v telow  the  top  of  the  gate,  as 
lhown  in  Figure  14.50b.  Then  integrate  to  get  the  total  torque 

The  nrt  force  an  th:  strip  is  dF  - /H_r)  <f.l.  where 
piyi  - pgy  is  the  pressure  at  this  depth  and 

< 4 • U iMa  Wdy  wuh  W “ 4 0,)  m 

dF~pgyWdy 

litfuie  14.50b 

The  moment  ami  is  |///2  — v|.  so  Jr- pgH'itf  1 2 - v)y  dv. 

r.,f  'dr*pgn-\l  '(Hti-yfrdy* rgH'«m*)y‘ ' 

r,  a (1000  kg  m'K^.HO  mi' M 4 00  m»2  (10  mV  -IS  - 6531 » I (l‘  N m 
Lower  half  of  gate: 

n Consider  the  narrow  strip  shown  in  Figure  14.50c 

I r The  depth  of  the  strip  is  {Hf2+  y) 

-•  ( ft  so  the  force  dF  is 

dF  - /i<  v)  dA  - pm  // /2-f  y|JT  dy 

Figure  1430c 
The  mnmnt  arm  is  w tn  dr  - ^glf(  //  2 r y)y  dy 

ri -f  ” l4r*n* •/;  1 

r,  *pgWUt‘fW  + W'/24)  = «>r(5//'/4ll) 
r,  - 1 1000  ku  m i|9.K0  m s*H4  00  m 15(2.00  m)74B  ^ 3267*  104  N m 
Then  r * r,  -r.  =3267x10'  Nm -6.533*  10*  N-m  =2.61*10*  N ni. 

EVALUATE:  Hie  forces  and  torques  imi  the  ippcr  and  lower  hah  es  of  the  gate  arc  m opposite  directum*  so  find 
the  net  value  by  sabers:  ting  the  magnitudes.  The  torque  on  the  lower  half  is  larger  than  thr  torque  on  the  upper  half 
tmrr  nre»me  increases  with  depth 


run:  n 


1 4LLL 
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14.51. 


14.52. 


14.53. 


14.54. 


IDEYI1FY:  Compute  the  force  and  the  torqix  on  a thin,  horizontal  strip  at  a depth  h and  integrate  to  lind  the  total 
force  and  torque. 

Si:r  UP:  The  strip  has  an  area  A - ( dh)L  .where  dh  is  the  bright  of  the  strip  and  l is  its  length.  A - HL  . The 
height  of  the  strip  about  the  bottom  of  the  dam  it  //  - h . 

Execute:  (■)  JF  - pdl  - pghUh . F - j ' .IF -/•gij  ' luth  - pgLIl'il- pgAI/2 . 

(b>  The  torque  about  the  battom  on  a strip  of  vertical  thickness  dh  is  dr  - dF{  It  - h ) - pgU(  It  -h  )dh . and 
integrating  front  h - Out  h - H gives  r - pgUl‘/6  - p%AH‘tb. 

(c)  The  force  depends  on  the  width  and  on  the  square  of  the  depth,  and  the  torque  about  the  bottom  drpends  on  the 
width  and  the  cute  of  the  depth:  the  surface  area  of  the  lake  dees  nnt  alTcet  either  result  (fee  a given  wxlth). 
EVALUATE:  The  force  is  equal  to  the  average  pressure,  at  depth  //2  . times  the  area  .1  of  the  vertical  sid:  of  the 
dam  that  faecs  th:  lake.  But  the  torque  is  not  equal  to  F(W2)  .where  /i/2  is  the  moment  arm  for  a force  acting  at 
the  center  of  the  dam. 

lD«\  T1FY:  The  information  about  liuropa  allows  us  to  evahjate  # at  the  surface  of  Kiuropi.  Since  there  is  no 
atmosphere.  p„  - 0 at  the  surface.  The  pressure  at  depth  h is  p - pgh  . The  inward  force  on  the  window  is 
Fx»pA. 

Set  UP:  # - , where  G - 6.67  x 10  “ N • m: »kg: . R - 1 .565  x 10*  m . Awumc  the  ocean  water  has  density 

/•-LOO- 10'  kg'm‘ . 

Execute:  * , <“7Jj10.  "■  N mVH(4.7S-l0^  fcB>  _ , ,0 m- , Thc  |m,imuni  al thc  ttindow u 

(1.565*10*  m)- 

— 975<)N  i a 1 .56 x 10*  Pa.  pupgksa  h-  56x1,1  Pa 120m. 

<0.250  m)*  (1. 00x10'  kgm*Xl .30  mV) 

EVALUATE:  9750  N is  thc  inward  force  exerted  by  the  surrounding  water.  This  will  also  be  Ihe  net  force  on  the 
window  if  the  pressure  inside  tbc  submarin:  is  essentially  zero. 

I DIMITY  and  SET  UP:  Apply  IIq.(  14.6)  and  solve  for  g. 

Then  use  Eq.l  12.4)  to  relate  g to  thc  mass  of  the  planet. 

Execute:  p-p*  =pgd. 

This  expression  gives  that  g - ip-  p^'pd  - (p - p^Ylmd. 

Hut  also  g - Ctm9 R 1 <Eq<  12.4)  applied  to  the  planet  rather  than  to  earth  ) 

Setting  thrse  two  expressions  for  g equal  gives  Cm^'R'  -(p-  p,  )V}»\d  and  n\f  - (p  - f\.)Y'R1  /Gmd. 

EVALUATE:  The  greater  p is  at  a given  depth,  the  greater#  is  for  the  planrt  and  greater  g means  greater  w .. 
IDENTIFY:  The  buoyant  force  B equals  the  weight  of  the  air  displaced  by  th:  balloon. 

SET  UP:  B - pMVg  . Let  #VI  be  thc  value  of#  for  Mars.  For  a sphere  V - ~xR* . The  surface  area  of  a sphere  is 

given  by  A - 4,t/?;  . TTic  mass  of  the  balloon  rs  (5.00  x 10  * kgtai*)(4irJl* ) . 

Execute:  MB-  . n J#M  - mgH  . p IxR'  - (5.00  x 10  1 kff  m:  M4.T  R: ) . 


3(5.00  x 10  * kgm’ ) 


0.974  m.  (5.00x10  kg.  m*  *AxR'  1 - 0.05%  kg. 


Psk 

(b>  Fm  - B-mg  = ma 

B - mg  45.5  N - (0.0596  kg  |(9.K0  m s* ) 


pjfg  a pdt$nSrg*(\20  kgm*)|  [<0.974  m)*|9.K0  m 45.5  N 


- 754  m s* . upward. 


m 0.0596  m 

lc>  B - m.  v . pVg  - <«* . + mAg  m.  - p 1 xR'  -(5.00x  10  kg  m*  »4.t/? 


(0.0154  kg’mlj  |( 5(0.974  m])’-(5.CtixlO  * kg  m*X4^M510.974  ml)1 


"■^*7.45  kg  - 1 49  kg  = 5.96  kg 

EVALUATE:  The  buoyant  force  is  propartxmal  to  R'  and  the  mass  of  the  balloon  is  proportional  to  R‘ . so  the 
load  that  can  he  earned  increases  wtxn  the  radius  of  the  balloon  mereases.  We  calcuhtcd  the  mass  of  thc  load.  To 
find  thc  wcieht  of  tbc  load  we  would  ived  to  know  the  value  of#  for  Mars. 
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14.55. 


14.56. 


14.57. 


iDKVIin : Follow  the  procedure  outlined  in  part  (b).  For  a spherically  symmetric  object,  with  total  miss  m and 
radius  r.  at  points  on  the  surface  of  the  object.  g(r)  - Gm/r  . 

SET  Up:  The  earth  has  mass  m,  - 5.97  x |0:<  kt* . If  Wr)  is  a maximum  at  r - r . then  — - 0 for  r - /■  . 

dr 

EXECUTE:  (a)  At  r - 0.  the  model  predicts  p - A - 12.700  kg  m'  and  at  r - R,  the  model 
predicts  - A - BR  - 12.700  ki»m;  -(l.50x  10  ‘ kiMn*  #6.37x10*  m)^3.!5xI0;  kgW. 


111  i izvookgW-3"-50*101 1^'|637,'0'  ■>  |.S9»X,0" 


which  xs  within  0.36%  ot  the  earth  s 
(d>  If  m\r)  is  used  to  derate  the  miss  contained  in  a sphere  of  radxus  r.  then  g - (iui(r)fr1.  Using  the  same 
integration  as  that  m part  (b).  with  an  upper  limit  of  r instead  of  R gives  th:  result. 

(e)  y - 0 at  r - 0.  and  g at  r - R . 

gmGm(R)' R'  *|6.673xl0  " N mJkg2)(5.99x \&4  kgV<6.37xl0‘  m)*' ^9.85  ms*. 

3 Sr*' 


dg  f Art,  . d 
* 3 fdr 


iikI  at  this  radius 


- j ilil  J A - j . Setting  this  equal  to  zero  gives  r - 2AfS B - 5.64 
4.»<6.673xlO  " N m'/kgJMI2,VOOkgn«‘)J 


ID  . 


*1.50x10  ' kc  m4| 


10.02  m s*. 


EVALUATE:  If  the  earth  were  a unifomi  sphrre  of  density  p . then  g (r)  - - * — |r  . the  same  as  setting 

r l 3 

5-0  and  A - p in  g(r)  in  part  (d).  If  r^  is  the  value  of  r m part  (f|  where  g{r)  is  a maximum,  then 

r f R - 0.885  . Fora  uniform  sphere.  jjfr)  is  maximum  at  the  surface. 

IDI.M1FA : Follow  the  procedure  outlined  in  pirt  (at. 

SET  UP:  Th:  earth  has  mass  .1/  - 5.97  x I0:*  kg  and  radius  R - 6.38 x \(f  m . Let  g % - 9.80  m'sJ 
EXECUTE:  (u)  liquation  ( 1 4.4),  with  the  radius  r instead  of  height  y.  becomes  dp  - -pgir)  dr  - —pgt{r/R)dr. 
This  form  shows  that  the  pressure  dxreases  with  increasing  radius.  Integrating..  with  p - 0 at  r - R, 

N K >-  2 ff 

(l> I Using  the  above  expression  with  r-0  and  p - - -•■--- . 

I 4 xR 

3JS97XI 2lMHOn^sl71xltflpii 
8.TI6J8X104  mt1 


(c)  Vv  hue  the  same  orrcr  of  magnitude,  this  is  not  in  very  good  agreement  with  the  estimated  value.  In  more 
realistic  density  models  (see  Problem  14.55),  th:  concentration  of  mass  at  lower  radii  leads  to  a higher  pressure 
Evaluate:  In  this  model,  the  pressure  at  the  center  of  the  earth  is  about  10*  times  whit  it  is  at  the  surface, 
(a)  IDEMIFV  and  Sl.*l  t>: 


Apply  p-  p,+  pgfi  to  the  water 
m the  left-hand  arm  of  the  tube. 
Sec  Figure  14.57. 
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14.58. 


14.59. 


14.60. 


EXECUTE:  *o  the  gouge  pressure  at  the  interface  (point  1 ) is 

P-Ps-  P&*  ® ( 1 000  ktfm1  X9.H0  mb3  X0. 1 50  m)  - 1 470  Pa 

<l»>  IDENTIFY  and  SET  Up:  The  pressure  at  point  1 equals  the  pressure  at  point  2.  Apply  Eq.( 1 4.6)  to  the  right- 
hand  arm  of  the  tube  and  solve  tor  h. 

Execute:  Px-  P*  + /\£(0  1 50  m)  and  - p4  -f  Pn,g(0. 1 50  m - *1 
pi  - /?.  implies  />.  g(0. 1 50  m l - /^(0. 1 50  m - h) 

0.150  — ■ 150  ~>  = W V-yO-Mf  ->  .op, , . 

P„,  13  6-  JO'  kg'm 

A = 0.150  m -0.01  I m = 0139  m -=13.9  cm 

EVALUATE:  The  bright  ot*  mercury  above  the  bottom  level  of  the  water  is  II  cm.  This  height  of  mercury 
produces  the  same  gauge  pressure  as  a height  of  15.0  cm  of  water. 

I DEV  iky:  follow  the  procedure  outlined  in  the  hint.  F - pA  . 

SET  UP:  The  circular  ring  has  area  dA  - <2.rfl MV  . The  pressure  due  to  the  molasses  at  depth y is  pgy  . 
EXECUTE:  F - J (pgy)(2sR)dy  - pgxRh2  where  R and  h arc  tb:  radius  and  height  of  the  tank.  Using  the  given 
numerical  values  gives  F - 5.07  x 10*  N. 

Evaluate:  The  net  outward  force  is  the  area  of  the  wall  of  the  tank,  A - 2xRh . times  the  average  pressure,  the 
pressure  pgh/2  at  depth  kf  2. 

iDKXnrY:  Apply  Newton’s  2nd  law  to  the  barge  plus  its  contents.  Apply  Archimedes'  principle  to  express  the 
buoyarxy  force  B in  terms  of  the  volume  of  the  barge. 

SET  UP:  Tbc  free  body  diagram  for  the  barge  plus  coal  is  given  in  figure  14.59. 


•: 


Vlu.,,  • 


■W’W 

Figure  14.59 


Extern:  ]Tf,  -mu 


-G-  m*  12  mH40  m)  - 1.056*  10*  m' 

The  mast  of  tbc  barge  is  - p}\+  where  s refers  to  steel. 

from  Table  14.1,  pt  - 7H00  kgm\  The  volume  \\  is  0.040  m tin*»  the  total  area  of  the  five  pieces  of  steel  that 
make  up  the  bar^e: 

I’  - (0.040  m|(2(22  m*  1 2 ml  f 2140  m|(  12  m)  * (22  m)(40  m)|  = 94.7  m'. 


Therefore,  - p)\-  (7SOO  kg'm‘)(94.7  in')  = 7.39x10*  kg. 

Then  =<1C00  kg/m')<l  056x10*  m'l-X39xlO*  kg  = 9.8- 10*  kg. 

The  volume  of  thUimu  of  ctnlix  !■_,  = -9.8- 101-  kg'1500  kgln'  = 6500  m';  Ihi*  i*  leu  lhal  1’^  to 

it  will  fit  into  tb:  barge. 

Evaluate:  The  buoyancy  force  B must  support  both  lb:  weight  of  the  coal  and  also  the  weight  of  tbc  barge  The 
weight  of  the  coal  is  about  13  times  the  weight  of  the  barge.  The  buoyancy  force  increases  when  more  of  the  barge 
is  submerged,  so  when  it  hokls  the  maximum  mass  of  coal  the  barge  is  fully  subnxrgcd. 

IDEM1FY : 7T»c  buoyant  force  on  the  balloon  must  equal  the  total  weight  of  the  balloon  faboc,  the  basket  and  its 
contents  and  the  gas  inside  the  balloon,  - p^y  . B - pmVg  ■ 

SET  UP:  The  total  weight,  exclusive  of  the  gas  inside  the  balloon,  is  900  N r 1 700  N ♦ 3200  N - 5800  N 

Execute:  5800  N * pV  - and  « = 1 .23  kg.'m'  - 0.96  kem*. 

" ' ~ * (9.80  nVV  h 220)i  m ) * 

Evaluate:  The  volume  of  a given  mass  of  gas  increases  when  the  gas  is  heated,  and  tbc  density  of  the  gas 
therefore  decreases. 


Fluid  Mechanics  14-15 


14.61. 


14.62. 


14.63. 


Identify:  Apply  Newton's  2nd  law  to  the  car.  The  buoyancy  force  is  given  by*  Archimedes*  principle. 

(a)  SET  Up:  The  free- body  diagram  for  the  lloating  car  is  given  in  Figure  14.61.  is  the  volun*:  that  is 
subnxrged. ) 


i 


Execute:  '£_F)=buii 

, *-«*= o 

py^g-'w-o 

Mi/ 

Figure  14.61 

- m.p . - (900  kg>(  1000  kgfai*)  = 0.900  in' 

V.JV+  - <0.900  m'li^J.O  m1)- 0.30  = 30% 

Evaluate:  The  average  demity  of  the  ear  u (900  kgV(3.0  m‘|  = 300  kgm\  p Jp„,  - 0.30:  tlm  equal* 

yJv«- 

(h|  SET  UP:  When  the  car  starts  to  sink  it  is  fully  submerged  and  the  buoyant  force  is  equal  to  the  weight  of  the 
car  plus  the  water  that  is  insxle  it. 

Execute:  When  the  car  is  trill  submerged  - Y\  th:  volume  of  the  ear  and 
H - kg  m*X3.0  m‘(9.K>  ms2)  » 2.94x10*  N 

The  weight  of  the  ear  » /Kg  - (900  kgH9.S0  m J1  > = SR20  V 

Thus  the  weight  of  the  water  in  the  car  when  it  sinks  is  the  buoyant  force  minus  the  weight  of  the  car  itself: 
-<2.94x10*  N-8820N«9.80m^)=i2.l0xl01  kg 
And  F ^ *111^//^  ■(2.10x10*  kg)(MXK0  kgln'l  - 2.10  m' 

The  fraction  this  is  of  the  total  interior  volume  is  (2.10  m‘  )/(3.00  m' ) - 0.70  - 70% 

Evaluate:  The  average  density  of  the  car  plus  the  water  inside  H is  (900  kg  -f  2 100  kgV(3.0  m*  I - 1000  kg  m\ 
so  - pmsm  when  the  ear  siarts  to  sink. 

IDENTIFY : For  a tloating  object.  the  buoyant  face  equals  the  weight  of  the  object,  li  - • 

SET  Up:  Water  has  density  p - 1 .00  g.’cm' . 

EXECUTE:  (u)  The  volume  displaced  roust  he  that  which  has  the  same  weiuht  and  mass  as  the  ice. 


9.70  sm 


r a 9.70  cm1 . 


1 .00  govern 

(h)  No;  w hen  melted,  the  cube  produces  the  same  volume  of  w ater  as  was  displaced  by  the  floating  cube,  and  the 
water  level  dees  not  change. 

(c>  9 70  g ,-9.24  cm- 
1.05  gmem 

(d)  The  melted  water  takes  up  more  volume  than  the  salt  water  displaced,  and  so  0.46  cm'  flows  over. 

Evaluate:  The  volume  of  water  from  the  melted  cube  is  less  than  the  volume  of  the  ice  cube,  but  the  cube 
(loots  with  only  part  of  its  volume  submerged. 

Idln  nn : For  a tloating  object  the  buoyant  force  equals  the  weight  of  the  object.  The  buoyant  force  when  the 
wood  sinks  is  8 - pt^KMg  . when:  Ffc4  is  the  volume  of  the  wood  plus  the  volume  of  the  lead,  p - m!Y . 

SKI  UK  The  dcmlty  of  tad  is  1 1 .3  « 10*  kg  W . 

Execute:  - (0.600  m <0.250  mMO.OSO  ml  - 0.0I20  m' . 

» P^ *(600  kg  m‘ <0.0120  m‘)  = 7.20  kg  . 

« - P.J\$  “d  B>v«  + 

- p^yM  nwn  giv«  p^yM  p^j'^  - * p^y^.  ■ 

^ - 1 1000  kg.'m' 1(0.0 120  m‘  I - 7.20  kg  = 466  ^ m 5,7  kg . 

P.^-P...  11.3.10'  kgm'-IMOkgm' 

Evaluate:  The  volume  of  the  lead  is  only  3.9%  of  the  volume  of  the  wood  If  the  contribution  of  the  volume  of 
the  lead  to  Fu  is  neglected,  the  cakulation  is  simplified:  pVfF.,r^  - -f  nt^)#  and  m - 4.8  kg  . The 
result  of  this  calculation  is  in  error  by*  abiv.it  9%. 
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14. M. 


14.65. 


14.66. 


IDENTIFY:  The  fraction  /of  the  volume  that  floats  above  the  fluid  it  / - I - — — . where  p it  the  average  density 

P%i 

i 

of  the  hvdronxicr  (tee  Problem  14.29k  This  gives  p(  . - a 


-/ 


SET  UP:  The  volume  aho\*e  the  surface  is  A/l.  where  h rs  tlx  height  of  the  stem  above  the  surface  and  A - 0.4<X)  cm* 
EXECUTE:  If  two  fluids  arc  observed  to  have  floating  fraction  / and  p,  -fa- Using 

*- 

EVALUATE:  ^ < pmMm  When  increases,  the  fraction/ of  the  object’s  volunx  thit  rs  above  the  surface 

increases. 

(a)  IDENTIFY:  Apply  Newton's  2nd  law  to  the  airship.  The  buoyancy  force  is  given  by  Archinxdes'  principle; 
the  tlusd  that  exerts  this  fcecc  is  tlx  air. 

SET  UP:  The  free  body  diagram  for  the  dirigible  k given  xn  Figure  14.65.  The  hfl  corresponds  to  a mass 
mit  =fI20x|0‘  \>'|9.S0  m»'sJ ) - 1 .224  x 10*  kg.  The  miss  is  1.224x10*  kg  plus  the  mass  of  thesis 
that  fills  the  dirigible,  ii  is  the  buoyant  force  exerted  bv  tlie  air. 


Extent:  Y'F'-ma. 
/f-mk<g  = 0 

P.}'X  = (1.224  < 10'  kg  * nr  )s 


Figure  14.65 

Write  n^,  in  terms  of  V:  - /J^F 

And  let  g divide  out;  the  equation  becomes  p^V  - 1.224  x 10*  kg  *■  pjf 

V = l 22J-")‘  k« = ,.10*10' m1 

120  kg  m -0.0S99  kgm’ 

EVALUATE:  The  density  of  the  airship  is  less  than  tlx  density  of  air  and  the  airship  is  totally  submerged  in  the 
air.  so  the  buoyancy  force  exceeds  the  weight  of  the  airship. 

(b)  SET  Up:  Let  mM  be  the  mass  that  could  he  lifted. 

Extent:  From  pari  (a).  - (/>.. - (,-2l>  kg'di' -0.166  kg  m'X>IOx  ,0*  m',^,.,4-10'  kg 

The  lift  force  « =(1.14*10*  kg*9.S0  mV')  = , 12  kN. 

Evaluate:  The  density  of  helium  is  less  than  that  of  air  but  greater  than  that  of  hydrogen.  Helium  provides  lift, 
but  less  lift  than  h)drogcn.  Hydrogen  is  not  used  because  it  rs  highly  explosive  in  air. 

IDENTIFY:  TT»c  vertical  forces  on  the  floating  object  must  sum  to  zero.  TT»c  buoyant  force  8 applied  to  the  object 
by  the  liquid  is  given  by  Archmxdes's  principle.  The  motion  is  SUM  if  the  net  force  on  the  cAject  is  of  tlx  form 
Ff  - -ky  and  then  T - . 

SET  UP:  Take  +y  to  be  downward. 

EXECUTE:  (u)  V J . - LA  . where  L is  the  vertxal  distance  from  the  surface  of  the  liquid  to  the  bottom  of  the 

A/ 

object.  Arehinxdes*  principle  states  pgl-A  - Mg%  so L — 

pA 

(b|  Tlx  buoyant  force  is  pgA(L  -f  y)  - Mg  + F . where  y k the  additional  distance  the  object  moves  downward 
l .’sang  the  result  of  part  (at  and  solving  for>  gives  y - — — 

(c>  Tlx  net  force  is  Ftat  - Mg  - pgA(L  -t  y)  - -pgAy  . k - pgA%  aixl  the  periixl  of  oscillation  is 

T.i,,",z,nL. 

Evaluate:  The  force  /*  cfclcrmincs  the  amplitude  of  the  motion  but  tlx  period  does  not  depend  on  how  much 
force  was  applied. 


14.67. 


14.68. 


14.69. 


14.70. 
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IDIM1FV:  Apply  the  results  of  problem  1 4.66. 

SET  UP:  The  additional  force  /*  applied  t»>  the  buoy  is  th:  weight  w - mg  of  the  man 

ii  1 700  kg) 


EXECUTE:  iu».y- 


I.IV 


- - 0.107  m. 


pgA  pgA  f>A  (1.03x10'  kg /m)x  (0.450  m) 

(b)  Note  that  in  part  (c)  of  Pretolem  14.f6,  M is  the  miss  of  the  buoy,  nnt  tlie  trass  of  the  man.  And  A is  the  crow 
section  area  of  the  buav.  not  the  amplitude.  The  period  is  then 


r - 2b  , ^51 . 2.42  s 

(1 03  X 10*  kg  m )9.S0  mV  )*<0.450  m)3 

EVALUATE:  The  period  is  independent  of  the  mass  of  the  man. 

IDENTIFY:  After  the  water  leaves  the  hose  the  only  force  on  it  is  gravity.  Use  conservation  of  energy  to  relate  thr 
initial  speed  to  the  height  the  water  reaches.  The  volume  flow  rate  is  Av. 

SETUP:  A - xtfii 

Execute:  (i)  lmv! -mgh.  v - JIgh  - .l'2l9.M>  nv*:  ((35.0  m)  - 26.2  ms  . <?/>•',’ 4|i- 0.500  nvi,‘. 


p ^4(0.500  m's‘>  |4| 0.500  rn'i1) 


456  m - 15.6  cm  . 


xv  v jt(26.3  mfe) 

(hi  D‘v  is  constant  so  if  D is  twice  as  great  then  »•  is  decreased  by  a factor  of  4.  h is  proportional  to  i* , so  /i  is 

35.0 


decreased  by  a factor  of  16.  h 


2.  9 m . 


16 


EVALUATE:  The  Larger  the  dianxtcr  of  the  nozzle  the  smaller  the  speed  with  which  the  water  leaves  the  hose  and 
the  smaller  the  n via i mum  height. 

iDEVYlfY:  Find  the  hon/ontal  range  x as  a function  of  the  height  y of  the  hole  above  the  base  of  the  cylinder. 
Then  find  the  valia:  of  v for  which  x is  a maximum.  Once  the  water  leaves  the  hole  it  moves  in  projectile  motion 
SET  Up:  Apply  Bernoulli's  equation  to  points  1 and  2.  where  point  I is  at  the  surface  of  the  water  and  point  2 is  in 
the  stream  as  tfr:  water  leaves  the  hole.  Since  the  hole  is  small  the  volun>:  flow  rate  out  the  hole  is  small  and  v > 0 


yx  - )'j  - - y and  - pi  - . lor  the  projectile  motion,  take  -fy  to  be  upward:  at  - Oand  af  - -v.nu  m s 

Execute:  (u)  p * pgyt  + 7 pv\  - p:  -f  pgyx  + y/n’J  gives  v,  - yj2g(/f  - y)  . In  the  projectile  motion.  r(j  - 0 and 


\ - y,  - -y,  so  y - y,  - 4*  jflyf  gives  / . The  horizontal  range  is  x-  vllt/  - w - 2y] y\Ji  -1*1  . They 

'.hot  gives  maximum  a satisfies  - 0 . < //v  - y*)  ‘ 3 (//  - 2y)  - 0 and  y - U i 2 . 


(b)  x ^ 2 Jyiif  - v)  ^ 2si\// 2K//-//  ‘2>-  //  . 

Evaluate:  A smaller y gives  a larger  »\ . but  a smaller  time  in  the  air  after  the  water  leaves  the  hole. 
IDKM1FV:  Bernoulli's  equaticei  gives  the  speed  at  w hich  water  exits  the  hole,  and  from  this  wc  can  calculate  the 
volume  flow  rate.  This  will  depend  on  the  height  h of  the  water  remaining  in  the  tank.  Integrate  to  fin:!  h versus  /. 
The  time  for  the  tank  to  empty  is  1 for  which  h - 0 . 

SET  UP:  Apply  Bernoulli's  cquition  to  point  I at  the  top  of  the  tank  and  point  2 at  the  hole.  Assume  the  cross 

dh 

sectional  area  A.  of  the  tank  is  much  larger  than  the  area  A.  of  the  hole,  v,  - - — . where  the  minus  sign  is 


because  /1  is  decreasing  and  dhidt  is  negative,  whereas  \\  is  positive. 


EXECUTE:  p + pg}\  +■  Ip*  - Pi  + pgy,  + r/n<  gives  |J  - 2g/i  4-  v;  . Ay,  - As,  gives  vf  = -i  vj  and 


.M 


<ih4 


- 2 gh  . A , « 4 so  I’j  - J2gh  . 1 - — v and  v,  - Combating  these  two  equal  loot 

di  A ' * A.  <h 


for  1'. 


J,\  i A. 


■ Jh  : A. 
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(hi  A -0  when  / > — ! 


Fv  All  \H  : Tlie  time  f for  the  lank  Id  empty  decrease*  when  the  area  of  liie  Itolc  is  larger.  / increase*  when  .li 
increase*  because  fur  fixed  An  an  increase  :n  A\  lurnnpunds  to  a pirate?  volume  of  wate?  initially  in  tlie  tank. 

14.71.  iDt.Vlin : Apply  the  2nd  condition  of  equi lihntun  hi  the  balarxc  ann  and  apply  the  lif  t!  coraJitmn  of  equilibrium 
to  the  Hock  and  to  the  brats  mass  The  buoyancy  form  un  ihc  wood  is  given  by  Anrhimolcs*  principle  and  the 
buoyant  force  on  the  brats  mats  is  ignored. 

Srr  l^:  The  objects  and  forces  arc  sketched  in  Figure  14  71a 


The  buoyant  force  on  the  liras*  u neglected, 
but  we  include  the  buoyant  finer  U on  the 
block  of  wood  it.  and  /i.  are  the  normal 
forces  exerted  by  the  balance  arm  on  which 
the  objects  sit. 


The  frec-hadv  diauram  for  th:  balance  arm  is  given  in  Figure  14.7 Ih 


EXECUTE*  r> 
n -ir% 


Figure  14.7lli 

Srr  l?P:  The  tree-body  diagram  for  the  brass  mass  n given  in  Figure  14.71c 

Execute:  Vf;  =«* 

Figure  14.71c 

The  frec-lwdv  diauram  for  th:  bktek  of  wood  is  riven  in  Fieure  14  7 Id. 


14.72. 


Mu 


V 


Eft- 

*» 


FInre  14.7  Id 


Out  ttv  implies  ~ B 

Ami  B = pJ\g*p+(m.lp.)g,  so  mg  = 
m 0.0950  kg 


P.)g 
9.095K  ko 


I -pjp.  1 -«I.J0  kg  m'HISO  kg'm  )| 

EVALUATE:  The  mass  of  the  wood  is  greater  than  the  mass  of  the  brass,  the  wood  is  partially  supported  by  the 
buoyancy  force  exerted  hv  the  air.  Tlie  buoyancy  in  air  of  tie  brass  can  be  neglected  because  the  density  of  brass  is 
much  more  than  tlie  density  of  air.  the  buoyancy  force  exerted  sin  the  brass  by  die  air  is  much  Ira  than  the  weight 
uf  the  brass.  Tlie  density  of  ihc  hilsa  wood  is  much  less  than  the  density  of  the  brass.  u»  the  buoyancy  form  on  the 
balsa  wood  is  not  such  a small  fraction  of  itx  weight. 

iDEvnrv:  B - fi  Apply  Newton’s  second  law  to  the  beaker,  liquid  and  block  as  a combined  object  and  also 

to  the  block  a*  a single  object. 

SET  UP:  Take  + r upward  Let  P.,  and  f.  be  tlie  forces  corresponding  to  the  scale  readme 
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14.73. 


14.74. 


EXECUTE:  Forces  on  the  combined  object:  F0  -f  Ft  -(*♦',  + Wg  tu;)-0.  wA  - -f  F£  - wA  - u*,  . 

D and  11  read  mas*  rather  thin  weight,  so  write  the  equation  as  m , - mJ}  t mx  -«r4  -«<  . mlt  - F,,'g  is  the  reading 
in  kg  of  scale  D\  a similar  statement  applies  to  mf  . 
mA  =■  3.50  kg  * 7.50  kg  - 1 .ttl  kg  - 1 .SO  kg  - 8.20  kg  . 

Farces  on  A:  & + — M'A  = 0 . /jTjj  * - m tg  - 0 . - mA  . 

O)  kg -3.50  kg  _ , ,4 „ ,0,  k • 

' V,  3.K0«  10  m * 

(b)  D reads  the  mass  of  A:  8.20  kg.  A’  reads  the  total  mass  of  li  and  C:  2.80  kg. 

EVALUATE:  The  sum  ofthc  readings  of  the  two  scales  remains  the  same. 

IDENTIFY:  Apply  Newton’s  2nd  law  fo  the  ingot.  Use  the  expression  for  the  buoyanry  force  given  by 
Archimedes’  principle  to  solve  for  the  volume  of  the  ingot.  Then  use  the  tacts  that  the  total  nass  is  the  mass  of  the 
gold  plus  the  mass  of  the  aluminum  and  that  the  volume  of  the  ingot  is  the  volume  ofthc  gold  plus  th:  volume  of 
the  aluminum. 

SET  L’P:  The  free  body  diagram  for  the  piece  of  alloy  is  given  in  Figure  14.73. 


1 


r - 39.9  N 


li«r  -**)N 


Execute:  ]Tf  =mar 

B + T-mmg*  0 

*<X-T 

0 -45.QN-39.QN-6.0N 


Figure  14.73 

Also,  = 45.0  N so  w(-  ^ 45.0  N.T9.80  nVs* ) • 4.59  kg. 

W'e  can  use  the  known  value  ofthc  buoyant  force  to  calculate  the  volume  ofthc  object:  B - P,V+fi  ~ ^ ® ^ 
6.0  N 6.0  N 


6 122.10  * m 

IT 000  kgm  K9.80  ms*) 


r-*« 

We  know  two  things: 

( 1 ) The  mass  ofthc  gold  plus  the  mass  of  the  aluminum  must  add  to  mM:  nt(  -t  nt^  = rrM 
We  write  this  in  terms  of  the  volunxs  F arxl  I'  of  the  gold  and  aluminum:  pV%  + p)\  = 

(21  The  volumes  \\  and  \\  must  add  to  give  \\  + V$  - VM  so  that  Vs  - 
Use  this  in  the  cquaticei  xn  ( 1 ) to  eliminate  V\ : pf  \ + Pd(Kn  ~ K ) = m%* 
y J.S9kS-(2.7xl0>kBm1M6.l22-10,wi')  , 769<|0.  m, 

• P,-Ps  19.3x10*  kg m -2.7x10*  kg.m* 

Then  - P^t  = (19.3x10*  kg  m;  HI  .769x10*  m')  = 3.41  kg  and  the  weight  of  gold  is  wg  - /w  £ =33.4  N. 
EVALUATE:  The  gold  is  29%  of  the  volume  but  74%  of  the  mass,  since  the  density  of  gold  is  much  greater  thin 
the  density  of  aluminum 

IDENTIFY:  Apply  V Ft  - mtf.  to  the  bull,  with  +r  upward.  The  buoyant  force  is  given  by  Archimedes’s 
principle. 

SET  UP:  The  ball’s  volume  rs  V = - 1.t(12.0  cm  I ' - 723S  cm' . As  it  flouts.  it  displaces  a weight  of  water 

equal  to  its  weight. 

Execute:  (u)  By  pushing  the  ball  under  water,  you  displace  an  additioml  amount  of  water  equal  to  84%  of  th: 
ball’s  volume  or  (0.84X7238  cm* ) - 6080  cm*.  This  much  water  has  a mass  of  f#80  g - 6.080  kg  and  weighs 
(6.080  kg.H9.80t  m/s2)  - 59.6  N.  which  is  how  hard  you’ll  have  to  push  to  submerge  the  ball. 

(b)  The  upward  force  on  the  ball  xn  excess  of  its  own  weight  was  found  in  pirt  (a):  59.6  X.  TT»c  ball’s  mass  is  equal 
to  the  miss  of  water  displaced  when  the  hall  is  floating: 

40.16K7238  cm‘MI.00 g'cin,)  = l 158  g = 1.158  kg. 


ind  its  acceleration  upon  release  is  thus  a - — - — 


FL  59.6  N 


-51.5  m s* . 


m 1.158  kg 

Evaluate:  WTicn  the  ball  is  totally  immersed  the  upward  buoyant  force  on  it  is  much  larger  than  its  weight 
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14.75.  (a)  IDENTIFY:  Apply  NewlorTi  2nd  law  to  the  crown.  The  buoyancy  force  is  given  by  Arehin^des'  prirxipic. 

The  target  variable  is  the  ratio  pj'pM  fc  - crown,  w - watery. 

SET  UP:  The  tree-body  diagram  for  the  crown  if  given  xn  Figure  14.75. 

y Execute:  =wu 

T+B-vr  = 0 

r= 

B - P^\g'  w here 
p -density  of  water. 

V\  - volume  of  crown 

Figure  14.75 

Then  fiv ♦ p^g  - w - 0. 

(l  -nw-fijr* 

Use  w-py,g.  where  pt  - density  of  crown. 


14.76. 


fi 

P. 


, os  wax  to  be  shown. 

-/ 


f —*  0 gives  p%  i p^  - 1 and  T - 0.  These  values  are  consistent.  If  the  density  of  the  crown  equals  th:  density  of 
the  water,  the  crown  just  floats,  fully  submerged,  and  the  tension  shauld  be  zero. 

When  / -*  1.  pt  » p % and  T - w.  If  pt  » p >%  thm  B is  negligible  relative  to  the  weight  irof  the  crown  and  T 
should  equal  n*. 

(by  “apparent  weight"  equals  T in  rope  when  the  crown  is  immersed  in  water.  T - /w,  so  need  to  compute/ 

A = 19.3*  10’  kn  in';  p.  -1.00. 10'  IcgW 

A.,_LS iw  i92xio*k*W=_L 

pm  1 -/  1.00x10*  kgm  1 -/ 

19.5  ^ 1/(1  - /)  and  / = 0.94K2 
Then  T - /w^<0.*IR2)(l2.9  N)^  12.2  N. 

(c)  Now  the  density  of  the  crown  is  very  nearly  the  density  of  lead; 
p%  -1 1.3x10*  kg/m*. 

g»ct  lu,lu'  kg,mU_L 

PH  1 - / 1.00x10*  kg  m 1 - / 

1 1.3- 1»(1  -/)  And  / = 0.9 1 1 5 
Then  T - /w- <0.91 15X12.9  N)  - 1 1.8  N. 

Evaluate:  In  part  fc)  the  average  density  of  the  crown  is  less  thin  xn  port  (by.  so  the  volume  is  greater.  B is 
greater  ar*l  T is  less.  Hiesc  measurcnxnts  can  be  used  to  determine  if  the  crown  is  solid  gold,  without  damaging 
the  crown. 


IDENTIFY:  Problem  14.75  says 


where  the  apparent  weight  of  the  object  when  it  is  totally 


Pi*  ■-/ 

immeraed  in  the  fluid  isjvr. 

SET  UP:  For  the  object  in  water.  - wv-M/w*arxl  fee  the  object  in  the  unknown  fluid.  tiV . 

* 1 

PkMi  »cw  Aw  ut 


Execute:  (u»  ^=-  - 


Dividing  the  second  of  these  by  the  first  gives 


Aw 

P.*m  M “ 

<h)  When  is  greater  than  the  term  on  the  right  in  the  above  expression  « less  thin  ceie.  indicating  that 
the  fluids  is  less  dense  than  water,  and  this  is  consistent  with  the  buoyant  force  when  suspended  in  liquid  bring  less 
than  that  when  suspended  in  water.  If  the  density  of  the  fluid  is  the  san>:  as  that  of  water  . as 

expected.  Similarly,  if  is  less  than  w. the  term  cm  the  nght  in  the  above  expression  is  greater  than  one. 

indicating  that  the  fluid  is  denser  than  water. 
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14.77. 


14.78. 


14.79. 


14.80. 


(c>  Writing  the  result  of  part  (a) 


P*+« 
P ^ 


: /w 


and  solving  for 


( * " ) - I -(1.220)  (0.128)  - 0.844  - 84.4%. 


EVAllATE:  Formic  acid  has  density  greater  than  tb:  density  of  water.  When  the  object  is  imnwscd  in  formic 
aod  the  buoyant  fcecc  is  greater  and  the  apparent  weight  is  less  than  when  the  object  is  imnxrsed  in  water. 
IDENTITY  and  SET  UP:  Use  Archimedes*  principle  for  B. 

(a)  & -p„P'„K*  where  l'M  is  the  total  volume  of  the  object. 

Vm  = V\  + Vh,  where  Vn  rs  the  volume  of  the  metal. 

Execute:  V.  = wtgpm  «.  l'„  - «'?/>..  + 

Thu  give*  B - p^&wlgp.  * »',) 

Solving  for  Jj,  gives  I',  - B *’( pmM  g ) - as  was  to  be  shown. 

(bl  The  expression  derived  in  part  (a)  gives 

20  N 156  N 

ilOGOkg  m ' *9.80  in  s ) 18.9x10*  kg/m*  1(9.80  m s') 

B 20  N 

< HIOCI  kg  m*  >9.80  m s'  i 

When  Vv  ->  0.  the  object  is  solid  and  Vs  = f = For  ^ - 0.  the  result  in  part  (a)  giv 


V - 


Km 


2.52x10  4 m1 

-2.04x10  1 m*  and  VJl’-i 2.52x|04  m‘>tf2.04x!0  ‘ m*)- 0.1 24. 


Evaluate: 


B - (m'p(i  )p ^ mg,  which  agrees  with  Archimedes*  principle.  As  Vt  increases  with  the  weight  kept 

fixed,  the  total  v olunx  of  the  object  increases  and  there  is  an  increase  in  B. 

iDLMin : For  a floating  object  the  buoyant  force  equals  the  weight  of  the  object.  Archimedes's  principle  says 
the  buoyant  force  ojiliIs  the  weight  of  fluid  displaced  by  the  object,  m - pV  . 

Si:r  UP:  Let  <i  be  the  depth  of  the  oil  bycr.  h the  depth  thit  the  cube  is  submerged  in  the  water,  arxl  L be  the 
length  of  a side  of  the  cube. 

Execute:  (Ul  Setting  the  buoyant  force  equal  to  the  weight  and  canceling  th:  common  factors  of g and  the 
cross  section  area.  <1000^1  + (750^  - (550)1  . rf.  h and  /.arc  related  by  d + h -f  0.35/.  - L . so  h - 0.651  - d . 

Substitution  into  the  first  relation  gives  d - /.  ^ M ~ * 0-040  m . 

(Ill  The  gauge  pressure  at  the  lower  face  must  he  sufficient  to  support  the  block  (the  oil  exerts  only  sideways  forces 
directly  on  the  block),  and  p - pmacdgL  - (550  kg  ml)(9.80  nVs*)(0.100  m)  - 539  Pa. 

EVALUATE:  /Vs  a check,  the  gauge  pressure,  found  from  th:  depths  and  densities  of  the  fluids,  is 
(<0.W0  mX750  kg  m*)-f  (0.025  m*  I COO  kg>W)](9.S0  m s;)  - 539  Pa 

iDS.vnn  and  SET  Up:  Apply  the  first  condition  of  equilibrium  to  the  huge  plus  the  anchor.  Use  Archimcdrs* 
principle  to  relate  the  weight  of  the  boat  and  anchor  to  the  amount  of  water  displaced.  In  both  cases  the  total 
buoyant  fcccc  must  equal  the  weight  of  the  barge  plus  the  weight  of  the  anchor.  Thus  the  total  amount  of  water 
displ&rcd  must  be  the  simc  when  the  anchor  is  in  the  boat  as  when  it  is  over  the  side.  When  the  anchor  is  in  the 
water  the  barge  displaces  less  water,  less  by  the  amount  the  anchor  displaces.  Thus  the  barge  rises  in  the  water. 
Execute:  Tlic  volume  of  the  anchor  is  - m.p  - (35.0  kg)<7860  kg  m‘ ) - 4.456  x 10  1 m*.  The  barge  rises 
in  the  water  a vertical  distance  h given  by  hA  - 4.453  x 10  m . where  A is  the  area  of  the  bottom  of  the  barge. 
*-<4.453x10  * mV(8.00  m*)«  5.57x  10  4 m. 

EVALUATE:  The  hirge  rises  a very  small  amount.  The  buoyancy  force  on  the  barge  plus  the  buoyancy  force  on 
the  anchor  must  equal  the  weight  of  the  barge  plus  the  weight  of  the  anchor.  When  the  anchor  is  in  the  water,  the 
buoyarxv  fcece  on  it  is  less  than  its  weight  (the  anchor  doesn’t  float  on  its  own),  so  part  of  the  buoyancy  force  on 
the  barge  is  used  to  help  support  the  anchor.  If  the  rope  is  cut.  the  buoyancy  force  on  the  huge  must  equal  only  the 
weight  of  the  barge  arxl  the  barge  rises  still  farthrr. 

iDt.Min  : Apply  V /’  - nuit  to  the  hirrel.  with  upward.  Hie  buoyant  force  on  the  barrel  is  given  by 
Archnroies's  principle. 

SET  UP:  p . An  object  floats  in  a fluid  if  its  average  density  is  less  than  the  density  of  the  fluid.  The 

density  of  seaw*ater  is  1030  kg  m* . 

Execute:  (u|  The  average  density  of  a filled  bancl  is  m‘*  * m‘-1  p^+!!l±~L±  750  kg.  m - 875  kg-m* . 

V I ~ 0.120m* 

winch  is  less  than  the  density  of  seawater,  so  the  hinel  floats. 
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(H)  The  fraction  above  the  surface  (see  Problem  14.29)  is 


(c)  The  average  density  is  910  kg  m + U - 1 1 72  kg  m*.  which  means  the  barrel  sinks.  In  order  to  lift  it.  a 

0. 1 20  m 

•.union  T »•„  - B - II 177  k^m'^O-lM  ml)(9.80  mV) -(1030  kg.WHO.I’O  m‘M9.S0  mi')  = 173  X is 
required. 

EVALUATE:  When  the  barrel  floats.  the  buoyant  fcece  & equals  its  weight,  vs.  In  part  (c)  the  buoyant  force  is  less 
than  the  weight  arxl  T -w-B. 

IDKXTIFV:  Apply  Newton's  2nd  law  to  the  block.  In  part  (at.  use  Archimedes'  principle  for  the  buoyancy  force. 
In  part  t b).  use  !:q.|  14.6)  to  find  the  pressure  at  the  lower  face  of  the  block  and  then  use  Lq.(  14.3)  to  calculate  the 
force  the  fluid  exerts. 

(a)  SET  Uf:  The  free- body  diacrain  for  the  block  is  given  in  f igure  14.81a. 


■ 


— x 


Execute:  - ma, 

B -mg-  0 

PiK+g  * P*K*g 


figure  14.81u 


The  fraction  of  tlx  volume  that  is  submerged  is  iV^  - pJpL. 

Thus  the  fraction  that  lsafanv  the  surftxc  is  V+^JV*.  - 1 ”/VA.* 

EVALUATE:  If  a - A Mock  k totally  submerged  as  it  float* 

(b)  SET  Up:  Let  the  water  layer  have  depth  d,  as  shown  m figure  1 4.8 1 b. 

Execute:  p ^ pv  + p.  gd  * pvga  - d 
Applying  Yf  - to  the  Mock  gives 


“nr 

~~ I wucr 

6-4  L 

J 

nsnin 

figure  14.81b 

lP.8*  + PlX  O-  - ■ PuLAx 

A and  g divide  out  and  p0d  r p(L  - d)  - puL 

dlP,  -P.)-U\-P,  )L 


4=\£lZ£l\l 


A - A. 

(.)<.(  1,0100  m,  - 0.0160  m - 4.60  cm 

l I3.6x  10*  kg m*  - 1CK10  kg  m‘  J 

EVALUATE:  In  the  exfcessxin  denved  in  part  (b).  if  pu  - a.  the  Mock  floats  in  tlx  liquid  totally  subnxrgcd  ami 
no  water  needs  to  he  added  If  A A the  block  continues  to  float  with  a fraction  1 - /VA.  above  the  water  as 
water  is  added,  and  the  water  never  reaches  the  top  of  the  block  id  — * *3). 

IDENTIFY:  for  the  flouting  tanker,  the  buoyant  force  equals  its  total  weight.  The  buoyant  force  is  given  by 
Archmxdcs's  principle. 

SET  UP:  When  the  metal  is  in  the  tanker,  it  displaces  its  weight  of  water  and  after  it  lias  been  pushed  overboard  il 
disphxcs  its  volume  of  water. 

EXECUTE:  (u)  The  change  in  height  Ay  is  related  to  the  displaced  volume  AT  by  Ay  - . where  A is  the 

surface  area  of  the  water  in  the  lock.  Af  is  the  volume  of  water  that  has  the  same  weight  as  the  metal,  so 

Ar„A»^"lp.,g>=  „ = _02.Jn, 

A A p gA  (l.OOx  l(r  kgm*K9.80  m s )[(600  mH2CM)  m)| 
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(b)  In  this  case,  Al*  is  the  voluirc  of  the  metal;  :n  the  abow  expression,  p0^  is  replaced  by  />,  „ - 9.01  pA 
which  gives  \y  - and  Ay  - A y - i Ay  - 0. 1 89  m;  the  water  level  falls  thi%  amount. 


EVALUATE:  The  density  of  the  metal  is  greater  than  the  density  of  water,  so  the  volume  of  water  that  has  the 
same  weight  as  the  sled  is  greater  than  the  volume  of  water  that  has  the  same  volume  as  the  steel 
I DEN  I1FY:  Consider  the  fluid  in  the  horizontal  part  of  the  tube.  This  fluid,  with  mass  pAf,  is  subject  to  a net 
force  due  to  the  pressure  diflereixc  between  the  ends  of  the  lute 

SET  L’P:  The  ditTcrcnee  between  the  gauge  pressures  at  the  bottoms  of  the  ends  of  the  tubes  is  pg(yL  ->**). 


EXECUTE:  The  nel  force  on  the  hon/ontal  part  of  the  fluid  is  pv{ y - »*t  )/f  - pAia.  or,  ( v.  - vy)«  — t. 


|b)  Again  consider  the  tlukl  in  the  horizontal  part  of  the  tube.  As  in  port  (a),  the  fluid  is  accelerating:  the  center  of 
mass  has  a radial  acceleration  of  magnitude  a%ml  - to* it  2,  and  so  the  difference  in  heights  between  the  columns 
- a»*fi2g.  An  equivalent  way  to  do  part  (b)  is  to  break  the  fluid  in  the  horizontal  part  of  the  tube 
into  clenx*nts  of  thickness  Jr;  the  pressure  difTcrerxe  between  the  sid^  of  this  pece  is  dp  - pita  r)dr  and 
integrating  fnxn  r - 0 to  r - / gives  Ap  - the  same  result. 

EVALUATE:  <c)  The  pressure  at  the  bottom  of  each  arm  is  proportional  to/7  and  the  mass  of  fluid  in  the 
hon/ontal  portion  of  the  tube  is  proportional  to/7 , so  />  divides  out  and  the  results  arc  independent  of  the  density  of 
the  fluid.  The  pressure  at  the  bottom  of  a vertical  arm  is  independent  of  the  cross-sectional  area  of  the  arm 
Newton's  second  law  could  be  applied  to  a cross-section  of  fluxl  srmller  than  that  of  the  tubes.  Therefore,  the 
results  arc  independent  and  of  th:  size  and  shape  of  all  parts  of  the  tube. 

I DEN  HEY:  Apply  V /*  — aid  to  a small  fluid  element  located  a distarxc  r from  the  axis. 

SET  L’P:  For  rotational  motion,  a - n>*r  . 

Execute:  (u)  The  change  in  pressure  with  respect  to  the  vertical  distance  supplies  th:  force  necessary  to  keep  a 
fluid  clcnxnt  in  vertical  equilibrium  (opposing  the  weight).  For  the  rotating  fluid,  the  change  in  pressure  with 
respect  to  radius  supplies  the  force  rxccssary  to  keep  a fluid  element  federating  toward  the  axis;  specifically. 


dp  - J-rfr  - pn  dr.  and  using  a - 
cr 


i Bp 

y g«v«  -=- = 
cr 


(b|  Let  the  pressure  at  y - 0.  r - 0 he  p (atmospheric  pressure I;  integrating  the  expression  tor  — trom  part  (ai 

Br 


give*  P(r.  v - 0 )-PA-  £2Lr; 

(c)  In  Eq.  (14.5).  p<  - ps%  p - / - p{r.  y - 0)  as  found  in  part  <b).  \\  -Oandyj  - /)(/*).  the  height  of  the  liquid 
above  the  y - 0 plane.  Using  the  result  of  part  (b)  gives  /i (/*)  - 2g. 

EVALUATE:  The  curvature  of  the  surface  increases  as  the  speed  of  rotation  itxrcases. 

IDEVUFY  : Follow  the  procedure  specified  in  part  (a)  and  integrate  this  result  fee  part  <b). 

SET  L’P:  A rotating  particle  a distance  / from  the  rotation  axis  has  inward  acceleration  to  r'  . 

EXECUTE:  (u)  The  net  inward  force  is  ( p -t  dp  ).*!  - pA  - Adp.  and  th:  miss  of  the  fluid  element  is  /x4d/.  Using 
Newton's  second  law.  w ith  the  inward  radial  acceleration  of  <oV.  gives  dp  - ptJr'dr*. 

(b)  Integrating  the  above  expression.  J * dp  - j pat /dr'  jnd  p- pt  - 1 | [r1  - r'% ).  which  is  the  desired  result. 

(c>  The  net  force  on  the  object  must  h:  th:  same  as  that  on  a fluid  clement  of  the  same  shape.  Such  a fluid  element 
is  federating  inward  wilh  an  accelcratxm  of  magnitude  w*  R and  so  the  force  on  the  object  rs  pVtt/R  . 


(d)  If  /vR.«,  > the  inward  force  is  greater  than  that  needed  to  keep  the  object  moving  in  a circle  with 

radius  at  angular  frequency  to.  and  the  object  moves  inward.  If  /)/?,.  < A*^..**  ^L*  M fl>rcc  is  insufficient 
to  keep  the  object  in  the  circular  motion  at  that  radius,  and  the  object  moves  outward. 

(e)  Objects  with  lower  dcnsitKs  will  tend  to  move  toward  the  center,  and  objects  with  higher  densities  will  tend  to 
move  away  from  the  center. 

EVALUATE:  The  pressure  in  the  fluid  itxreascs  as  the  distance  r from  the  rotation  axis  increases. 

IDEMUY:  Follow  the  procedure  specified  in  the  problem. 

SET  L’P:  Let  increasing  x correspond  to  moving  toward  the  bf  k of  the  car. 
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Execute:  (u)  The  mass  at*  air  in  the  volume  element  is  pdV  - pAdx . aixl  the  net  face  an  the  element  in  the 
forward  direction  is  ( p r dp  \A  - pi  - Adp.  from  Newton's  second  law.  Adp  * (pAdx)a^  from  which  dp  - padx. 
(b|  With  p given  to  he  constant,  and  with  p - pt  at  x - 0.  p - pv  + pax. 

fc)  Using  p-  1.2  kgm'  in  the  result  of  part  (b)  gives  (1.2  kgnVHS.O  ms*)(2.5  ml  - 1 5.0  Pa  - 15x10  '/*. . «»  the 
fractional  pressure  difference  is  negligible. 

(d)  hallowing  the  argunxnt  in  Section  14.4.  the  force  on  th:  balloon  must  he  the  sanx  as  the  face  an  the  same 
volume  of  air.  this  force  is  the  product  at*  the  mass  />Uand  the  acceleration,  or  pVa. 

(e)  The  acceleration  of  the  balloon  is  the  force  found  in  purt  id)  divided  by  the  mass  or  {pfp^a.  The 
acceleration  relative  to  the  car  is  the  difference  between  this  acceleration  and  the  car's  acceleration. 

a- 

(I)  For  a balloon  filled  with  air.  | pjptu  | < I (air  balloons  tend  to  sink  in  slill  air).  and  so  the  quantity  in  square 
brackets  in  the  result  of  part  (c)  is  negative;  the  balloon  moves  to  the  back  of  the  ear.  For  a helium  balloon,  the 
quantity  in  square  brackets  is  positive,  aixl  the  hilloon  moves  to  the  front  of  the  car. 

EVALUATE:  The  pressure  in  the  air  insid:  th:  car  increases  with  distance  from  the  windshield  toward  the  rear  of 
the  car.  This  pressure  increase  is  proportional  to  the  arcdcration  of  the  car. 

Ides IIFV:  Alter  leaving  the  tank,  the  watcT  is  in  free  fall,  w ith  - Oand  at  = . 

SET  Up:  From  Example  1 4.8.  the  speed  of  elflux  is  ^f2yh  . 

EXECUTE:  (u)  The  time  it  takes  any  portion  of  the  water  to  reach  the  wound  is  t - . in  which  tmx  the 


water  travels  a horizontal  distance  R - W - 2^'A(  //  - A). 

(b)  Note  that  if  A*  - //  - - A')  - { H - h)hy  and  so  W -H  -h  gives  the  same  range  A hole  //  - A below  the 

water  surface  is  a distance  A above  the  bottom  of  the  tank. 

EVALUATE:  For  the  special  case  of  h - //  i 2 , A - A*  and  the  two  points  coincide.  For  the  upper  hole  the  speed  of 
ctflux  is  less  but  the  time  in  the  air  during  the  fro:* fall  is  greater. 

Identify:  Use  Bernoulli's  equation  to  find  the  velocity  with  which  the  water  Hows  out  the  hole. 

SET  Up:  The  water  level  in  the  vessel  will  rise  until  the  volume  flow  rate  into  th:  vessel.  2.40  x 10 4 m'  's. 
equals  the  volume  flow  rate  out  the  hole  in  the  bottom. 


Let  points  1 and  2 be  chosen 
js  in  Figure  14.88. 


Figure  14.88 

EXECUTE:  Bernoulli's  equation;  /?,  -f  pg}\  + Tpv{  - p*  + PX}; 

Volume  flow  rale  out  of  hole  equals  volume  flow  rate  from  tube  gives  that  - 2.40  x 10  4 mVs  and 

2.40xH)  4 m\'s 


1.50x10 


- I.frO  ms 


4 As  and  \\AX  - \\A1  says  that  y/sv,*  yP*i  • neglect  the  ±p\\ ‘ term. 

Measure  y from  the  bottom  of  the  bucket,  so  y2  = 0 and  y,  - A. 

P.-Pi  = P , <axr  pressure) 

Then  p.  + pgh - pM  + are!  ft  -v$/2g -(1.60  m.,slJ/2(9.80  mV)- 0.131  m - 13.1  cm 

EVALUATE:  The  greater  the  flow  rate  into  the  bucket,  the  larger  v\  will  be  at  eqviilibrium  and  the  higher  the 

water  will  nse  in  the  bucket. 

Identify:  Apply  Bernoulli's  equal  ion  and  the  equation  of  continuity. 

SKT  UP:  Example  14.8  says  the  speed  of  efllux  is  Jig A . where  h is  the  distance  of  the  hole  below  the  surface  of 
the  tlukl. 
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Execute:  <a>  v.A,  = = >/2(9.K0  m s‘XS-00  mhO.0160  n’)- 0 200  mV* 

(b>  Since  is  atmospheric.  the  gauge  pressure  ai  point  2 is  p3  ^ i p(\j  - i’J  > ^ jpi'i . 1 - “f  j " *V| * 

u«ng  the  expression  for  v;  found  above.  Substitution  of  numeral!  values  gives  p3  - 6.97  x 10'  Pa. 

Evaluate:  We  could  also  calculate  p.  by  applying  Bernoulli's  cquition  to  points  1 and  2 
IDEMIFY:  Apply  Bernoulli's  equation  to  the  air  in  the  hurricane. 

SKI  UP:  For  a particle  a distance  /•  front  the  axis,  the  angular  momentum  is  /.  - unr  . 

Execute:  (u)  Using  the  constancy  of  ansular  momentum,  the  product  of  the  radius  and  speed  is  constant,  so  the 


speed  at  the  rim  is  about  (21X1  km  hi  ! - 1 7 kin  h 

(hi  The  pressure  is  Iowct  at  the  eve.  bv  an  amaunt 


(5)-» 


\p  - 1(1.2  kg  n1  K(2Xl  kmh>*  -(17  kmh)*V  ■ ' :i:  * ^ l.Sx  10*  Pa. 

2 \ 3.6  kmh 


(c>  4- = 160  m. 

(cl | The  pressure  difference  at  higher  altitudes  is  even  greater. 

EVALUATE:  According  to  Bernoulli's  equation,  the  pressure  decreases  when  the  Hind  velocity  increases. 

IDENTIFY:  Apply  Bernoulli's  equation  and  the  equation  of  continuity. 

SKI  Up:  Example  14.S  shows  that  the  speed  of  efflux  at  point  D is  ^2g/\  . 

EXECUTE:  Applying  th:  equation  of  continuity  to  pxiints  at  C and  D gives  that  the  fluid  speed  is  at  C. 

Applying  Bernoulli's  equation  to  points.!  and  C gives  that  the  gauge  pressure  at  C ts  pgfa  - 4/9gA4  - -3 pgf\  arxl 
this  is  the  gauge  pressure  at  the  surface  of  the  fluid  at  li.  Th:  height  of  the  fluid  in  th:  column  is  h3  - 3hx. 

Evaluate:  The  gauge  pressure  at  C*  is  Icj«  than  th:  gauge  pressure  pgfi  at  the  bottom  of  tank  A because  of  the 
speed  of  the  fluid  at  C 

Idem  in : Apply  Bernoulli's  equation  to  points  I and  2.  Apply  p - /?,  -t  pgh  to  both  arms  of  the  U-shaped  tube 
in  order  to  calculate  h. 

SKI  L’P:  The  discharge  rate  is  \ Ai  - \\A, . Th:  density  of  mercury  is  pm  - 1 3.6  x 10*  kg  m*  and  the  dmuly  of 
water  is  p,  -1.00x10'  kgm  Let  point  1 be  where  4 -40.0x10  4 mJ  and  point  2 is  where  Ax  -10.0x10  4 m1 . 

>*,  — y\ . 

_ i \ 6.00x10*  kum*  tc/l  . 6.00x10  ''kgm*  , 

EXECUTE:  (u)  v.  - : 1. 50  m s . v : - 6.00  m s 

' 40.0 x 10  * m*  10.0x10  * in* 

i'*>  p ' nt>\  * hP'>,  -Pi'  pm  * r P'l  • 

p - Pl -ift^OOQ)  k&'m'K[6.00  ml]1  -(1.50  mil')-  1.69.10'  Pa 

(c>  p • p gh-  p,r  p gh  and  h — — 1 " ' — — -0.1S7  m- 15.7  cm 

‘ * ’ ‘ iP.~P.)g  <15.6.10'  kg/m-1.00.10  Igm  ml') 

Evaluate:  The  pressure  in  the  fluid  decreases  when  the  speed  of  the  fluid  increases. 

(a)  IDENTIFY:  Apply  constant  acceleration  equations  to  the  falling  liquid  to  find  its  speed  as  a funrtion  of  the 
distance  below  the  outlet.  Then  apply  Eq.(  14. 10)  to  relate  the  speed  to  the  radius  of  the  stream. 

S»:r  Up: 


Let  point  1 be  at  the  end  of  th:  pipe 
;ind  let  point  2 be  in  the  stream  of 
liquid  at  a distance  v\  below  the  end 
i>f  the  tube,  as  shown  in  figure  14.93 


Figure  14.93 


Consider  the  free-fall  of  the  liquid.  Take  +ylo  be  downward 
Free-fall  implies  a - g.  v is  positive,  so  replace  it  by  the  speed  »• 
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14.94. 


14.95. 


Execute:  vj  = vf-t  2 *iy-yp)  gives  rj  - v*  r 2 gy\  and  va  = <Jv;  + 2g\\. 

Equation  of  continuity  says  v,^  - 

And  uonce  A - »rr‘  this  beconxs  \\ - v\.c/C  and  v\  - r,(/j/rj )a. 

Use  this  in  the  above  to  eliminate  vy  i,( r/.'i\3  ) - + 2gy. 

To  correspond  to  the  imitation  in  the  problem,  let  \\  - vv  and  r,  - r„.  since  point  I is  where  the  liquid  first  leaves 
the  pipe,  and  let  r be  r and  y1  bey.  The  equation  we  have  derived  then  becomes  r - ♦ 2gr)'  * 

|b)  v4  = 1.20  m s 

W'c  want  the  value  of  v that  gives  r - i/*.  or  r0  - 2/* 

The  result  obtained  in  puit  (a|  «ay*  r'iyf,  •»  Zgy)  - 

, , . _ [(f»*-lh  ' (16-11(1.20  til's)1  , _ 

Solving  for  i gives  y - : I 1 0 m 

2g  2(9.80  mV) 

Evaluate:  The  equation  derived  in  part  (a)  says  that  /*  decreases  with  distance  below  the  end  of  the  pipe. 
iDEmFY:  Apply  - ma,  to  the  ruck. 

Si: I UP:  In  the  accelerated  frame,  all  of  the  quantities  that  depend  onj;  (weights,  buoyant  forces,  gauge  pressures 
ind  hence  tensions)  may  he  replaced  by  %'  - g -*  ir.  with  the  positive  direction  taken  upward. 

EXECUTE:  (u)  The  volume  Kof  the  rock  is 

P.^g  P^.g  <100- 10'  kg  m «9.*XI  mil1 ) 

f 

(b)  The  tension  ii  T - mg’  - B - Iiw  - - T.— . where  T.  - 2 1 .ON.  r'-gte.  For  a-  2.50  mV . 


r, , 21.0  264  N. 

(c)  For  a - -2.50  in  V* . T - (21.0  N).1*  80- ? 5<l  - 15.6  N 


(d)  If  fl  a -g  , g’  b 0 and  T^0 

Evaluate:  The  acccleratiixi  of  the  water  alters  tbc  buoyant  force  it  exerts. 
iDIAIIIV:  TT»e  sum  of  the  vertical  forces  on  the  object  must  be  zero. 

SET  UP:  Tbc  depth  of  the  bottom  of  the  styrofoam  is  mil  given;  let  this  depth  he  A,.  Denote  the  length  of  the 
piece  of  fixim  by  L and  the  length  of  the  two  sides  by  /.  The  volume  of  tbc  object  is  ±VL  . 

EXECUTE:  (u)  The  tension  in  the  cord  plus  the  weight  must  he  equal  to  the  buoyant  force,  so 
T - yg(P^m  - AmJ  =7<°*20  m)*<0.50  mX9.K0  m s'MIOOO  kg  m‘  - ISO  kg m^)^  80.4  N . 

(b)  The  pressure  fcece  on  the  bottom  of  the  foam  is  (/>.,  + pgh, )/.( ^2/ ) and  is  directed  up.  Tlx  pressure  on  each 

side  is  not  constant:  tlx  force  can  be  found  by  integrating,  or  using  the  results  of  PtobVrm  14.49  or  Problem  14.51. 
Although  these  problems  fourcl  fceces  on  vertical  surfaces,  the  result  that  the  force  is  the  product  of  tlx  average 
pressure  and  the  area  is  valid.  The  average  pressure  is  p,  t-  -</i'(2^2))).  aixl  the  fcecc  on  one  side  has 
magnitude  ( p , - pg(^ -I.'(2j2)))Ll 

ind  is  directed  perpendicular  to  the  side,  at  jn  angle  of  45.0°  from  tlx  vertical.  The  force  on  the  other  side  has  the 
same  mignitixle.  but  has  a horizontal  component  that  is  opposite  that  of  the  other  side.  The  horizontal  component 
of  the  rxt  buoyant  force  is  zero,  and  the  vertical  component  is 

B*{p,4p0JUj2-2lo*4SWK  •■/’*(*. ~B(2j2)))U-Pg!y, 

the  weight  of  the  water  displaced. 

EVALUATE:  The  dmwly  of  the  object  is  less  than  the  density  of  water,  so  if  the  cord  were  cut  tbc  object  would 
Hoot.  WTicn  the  object  is  fully  subnxrgcd.  the  upward  buoyant  force  is  greater  than  its  weight  and  the  cord  must 
pull  downward  on  the  object  to  hold  it  beneath  tlx  surface. 
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1 4.%.  Idem  it x : Use  the  efflux  speed  to  calculate  the  volume  flaw  rate  and  integrate  to  find  the  time  for  the  entire 
volume  of  water  to  flow  out  of  the  tank. 

SET  L>:  When  the  level  of  the  water  is  a height  r above  the  opening,  the  efflux  speed  is  J2g)\  and 

EXECUTE:  As  the  tank  drains,  the  height  decreases,  and  — - - --7^  - -!  — ! i2w.  Thu  is 

6 di  A .r(D  2V  { D)  V K 

a separable  differential  equation,  and  the  time  T to  drain  the  tank  is  found  from  — j—-  - [ — j which 

w.  - (I)  &'•-  r-(-?)  (-  f 

EVALUATE:  Even  though  the  volume  flow  rate  approaches  zero  as  the  tank  drains,  it  empties  in  a finite  amount 
of  time.  IXiubling  th:  height  of  the  tank  doubles  the  volume  of  writer  in  the  tank  but  increases  the  time  to  drain  by 
only  a factor  of  . 

14.97.  I DEMltX:  Apply  Bernoulli's  equation  to  the  fluid  in  the  siphon. 

SET  Up:  Example  14.8  shows  that  th:  etllux  speed  freon  a small  hole  a distaixc  /1  below  the  surface  of  fluid  in  a 
large  open  tank  is  yflgh  . 

EXECUTE:  (a>  The  fact  that  the  water  first  moves  upwards  before  leaving  the  siphon  does  not  change  the  efflux 
speed.  sj2ymh. 

< l>  > Water  will  not  flow  if  the  absolute  (not  gauge!  pressure  woukl  be  negative.  He  hose  is  open  to  the  atmosphere 
at  the  bottom.  so  the  pressure  at  the  top  of  the  siphon  is  pM  - pg(//  + A)%  where  the  assumption  that  the  cross* 
section  area  is  constant  has  been  used  to  cquite  the  speed  of  the  liquid  at  the  top  and  bottom.  Setting,  p - 0 and 
solving  for  //  gives  //  = ipjpg)  - h. 

EVALUATE:  The  analysis  shows  that  //  t h < -i-i-  . so  there  is  also  a limitation  on  U + h . Few  wateT  and  norma! 

Pg 


atmosphenc  pressure.  — 10.3  m . 

Pg 

14.98.  IDEM1FY  and  SET  UP:  Apply  p-  pv  + />yh . 

EXECUTE:  Any  bubbles  will  cause  inaccuracies.  At  the  bubble,  th:  pressure  at  the  surfaces  of  the  water  will  be 
the  same,  but  the  levels  need  not  he  the  sanv.  The  use  of  a hose  as  a level  assumes  that  pressure  is  the  same  at  all 
poants  that  arc  at  the  sane  level,  an  assumption  that  is  invalidated  by  the  bubble. 

EVALUATE:  Larger  bubbles  can  cause  larger  inaccuracies,  because  there  can  h:  greater  changes  in  h:ight  across 
the  length  of  the  bubble. 


Mechanical  Waves 


15 


15.1.  IDEVIIFY:  v - f A . T - 1 if  is  the  time  for  one  complete  vibration. 
s»:r  UP:  The  frequency  of  the  note  one  octave  higher  is  1568  II/. 
v *44  ms  l 

Execute:  u>  A - — - 0.439  m . T 1.28  nw  . 

/ 784  Hz  f 


, v 344  mi's 
\b)  z.  ^ — ^ 

/ 1568  11/ 


1.219  m . 


EVALUATE:  When/ is  doubled,  A is  halved. 

15.2.  IDEYIUY:  n»c  distance  between  xljaccnt  dots  is  A . v — f A . The  long-wavelength  sound  has  the  lowest 
frequency.  20.0  Hz.  and  tlx:  short -wavelength  sound  has  the  highest  frequency.  20.0  kHz. 

SET  UP:  For  sound  in  air.  v = 344  un'i . 

Execute:  (u)  Red  dots:  /.  - — - ■ * * lA ' 17.2  m . 

f 20.0  Hz 


Blue  dots:  A * 1 '' 0.0172  m - 1.72  cm  . 

20.0x10'  11/ 

(h)  In  each  case  the  separation  easily  can  be  measured  with  a mctcrstick. 
v 1480  nvs 

(c)  Red  dots:  A 74.0  m. 

f 20.011/ 


20.0  Hz 


Blue  dots:  A 0.0740  m - 7.40  cm  . In  each  case  th:  separation  easily  can  be  measured  with  a 

20.0x10  11/ 

mctcrstick.  although  for  the  red  dots  a long  tap:  nxasure  would  be  more  convenient. 

EVALUATE:  Larger  wavelengths  correspond  to  smaller  frcqurncics  When  the  wave  speed  increases,  for  a given 
frequency,  the  wavelength  increases. 

15.3.  Identify:  i = fA=AtT. 

SET  UP:  1 .0  h - 3600  s . The  crest  to  crest  distance  is  A . 

..  800x10*  m , 800  km  . 

Execute:  v - -220  m s.  v SOOknvh. 

3600  s 1.0  h 

EVALUATE:  Since  the  wave  speed  is  very  high,  the  wave  strikes  with  very  little  warning. 

15.4.  Identify:  /A  = v 
SETUP:  1.0  mm-  0.00 10  m 

Execute:  / ^ 1 - i;  ;n  s - 1 .5  x i o"  1 1/ 

A 0.0010  m 

Evaluate:  The  frequency  is  much  higher  than  the  upper  range  of  human  hearing, 

15.5.  Identify:  v ■ (A . T = 1/  / . 


SETUP:  lnm-10  m 

Execute:  (a)  -U400nm:  / - 1 - ‘ - 7.S0»  lO*  llz.  r = l//  = l.33xlO  “ *. 

A - 700  rim  t 1 — — -4.29x10"  llz.  I -2.33x10  ' s . The  Ircqucixic*  of  visible  liuht  lie  between 

700x10  m H 

4.29  x 10"  llz  and  7.50x10"  llz  . The  periods  lie  between  1.33x10'*  s and  2.33x10“*. 

(b)  T is  very  short  and  cannot  be  measured  with  a stopwatch. 

EVALUATE:  Longer  wavelength  conesporxls  to  smaller  frequency  and  laruer  period. 
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15.6. 


15.7. 


15.8. 


iDKXnFY  : Compare  y(.v./)  given  in  the  problem  to  the  general  form  of  Fq.<  1 5.4 j.  / - 1/7*  and  v - /A 
s»:r  UP:  The  comparison  gives  A - 6.50  mm  , A - 28.0  cm  and  T - 0.0360  s . 

Execute:  tu)  6.50  mm 
(b)  28.0  cm 


M f - 


-27.8  liz 


0.0360  s 

«l)  v = (0280  m)(27.8  II/)  - 7.78  m/s 


(e)  Since  there  it  a minus  sign  in  front  of  the  tiT  term,  the  wave  is  traveling  in  the  -direction  . 

EVALUATE:  The  ipeed  of  propagation  docs  not  depend  on  the  amplitude  of  the  wave. 

IDENTITY:  Use  Eq.(  1 5. 1)  to  calculate  v.  T -I//  and  k is  defined  by  Eq.(  15.5).  The  general  form  of  the  wave 
function  it  given  by  Eq.(l5.S),  which  is  the  cquatxin  for  the  transverse  displacement. 

SET  Up:  v«  8.00  m s.  d = 0.0700  m.  A=  0.320  m 

Execute:  (u)  v=/i  to  / = »'/2a(H.00  m sH0J20  m)  ^ 25.0  Hz 


T ^ 1-7  -1/25.0  Hz  4.WXs 


k - 2xiA  = 2x  rad  O.320  m ^ 19.6  rad  m 
(b)  For  a wave  traveling  in  the  -z -direction. 

><z.  t}uAco%2x(xU+i/T)  (Eq.(l5.8».) 

At  x - 0.  W0.  /)  - Aco&2x(tfT),  to  y - A at  / - 0.  This  equation  describes  the  wave  specified  in  the  problem 

Substitute  in  numerical  values: 

yix.  /)  = (0.0700  m)cos(2x<x/0.320  mtr' 0.0400s)). 


Or.  y(x,  /»  = (0.0700  m)cos((19.6m  >-*<157  rad  sir). 

(c)  From  part  (b).  y = (00700  m)ct»(2r<.r.’ 0320  m w/ 0.0400  s)). 

Plug  in  x = 0.360  m and  / = 0. 1 50  s: 

y = 1 0.0700  m)ccw(2r<0.360  m 0.320  m + 0.150  sXUMOO  s» 

y = 1 0.0700  m)cc«(2T<4.S75  radl)  ^ -*0  0495  m ^ +4.95  cm 

<d)  In  part  (c)  /-0.150s. 

y = A means  cos(2t(x / A *-  f/ T)|  - 1 

ci>s 0 - 1 for  0-0.  It.  4,t,...  = /i(2t)  or  ir-0.  1.2. ... 

So  y*A  when  2x{xfA+ifT)  = n(2x)  or  xfA  + xiT-n 
t ~-  Tin  -x/A)  = <0.0100  sX«  - 0.360  m 0.320 m)  = (0.0400  s)<q-l.l 25) 

For  n - 4.  / «0.l  150  % (before  the  instant  in  part  (c)) 

For  n-5.  / - 0.1550  s (the  first  occurrence  of  y - A after  the  instant  in  part  (c))  Tlius  the  elapsed  time  is 
0. 1 550  s - 0. 1 500  s - 0.0050  s 

Evaluate:  Part  <dl  says  y-  A at  0. 1 1 5 s and  next  at  0. 155  s:  lb:  ditTcnrnrc  between  these  two  times  is  0.IM0 s. 
wlueh  is  the  period.  At  t - 0.150  s the  particle  at  .r  - 0.360  m is  at  \ - 4.95  cm  and  traveling  upward.  It  takes 
774  - 0.01  IX  s for  it  to  travel  from  y - 0 to  y - A.  %a  our  answer  of  0.0050  s is  reasonable. 


Idevhjy  : The  general  feem  of  the  wave  function  for  a wave  traveling  in  the  -.t -direction  is  given  by  IU|.<  1 5.S). 
The  time  for  one  complete  cycle  to  pass  a point  is  the  period  T and  the  number  that  pavs  prr  second  is  the 
frequency  / Hie  speed  of  a crest  is  the  wave  speed  v arxl  the  maximum  speed  of  a pi/ticlc  in  the  nvdium 
is  V-..  a co A . 


SET  UP:  Comparison  to  Eq.(  15.8)  gives  A - 3.75  cm . k - 0.450  rad  cm  and  eo  - 5.40  rad  s . 


Execute:  (u>  t 


2t  tad 


2.7  rad 


ei  5.40  tad  s 


- 1 . 16  s . In  wvc  cycle  a wave  crest  travels  a distance 


< 


2.T  rad 


2.7  rad 


1. 1 40  m . 


k 0.450  rad  cm 

(b)  * ^ 0.450  rad  on  . f - 1/7*  - 0.S62  1 1/  - 0.862  waves, Second  . 


(c>  v- /A.  = (0.862  H/ ll 0.1 40  m)-  0.121  ms.  ^ coA  ^ 1540  rad S M3 75  cm)  ^0.202  ms. 

EVALUATE:  The  transverse  velocity  of  the  parities  in  the  n>aiium  (water)  is  not  the  same  as  the  velocity  of  the 


wave. 
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15.9. 


15.10. 


I 1 


iDEVim : Evaluate  the  purtial  denv  at ives  and  see  it*  Eq.t  1 5. 1 2)  is  satisfied 

d d 8 

SET  UP:  — cos(*.y  -t-  at ) - -X*  »n(Ax  * at) . — cos(Ar  * AT)  - -fann(kx  ♦ air) . — xir^Uv  -t  at  ) - A cos<£y  -t  at ) . 
dx  if  dx 

i-sinfAY  + at  ) - Aixin (kx  + ax ) . 
ft 

Execute:  (u)  ^4-  - -Ak*  cos(Ar  ^ at) . ^4-  - - Ato:  cost  At  + AT) . Eq.(  1 5.12)  is  satisfied,  if  »•  - fa:  k . 
fix*  &t 

(b)  i—i-- -/IA3sin(AY  + at)  . 14-- -AofiiMx  + at)  . Eq.(IS.I2) is  satisfied,  if  » = «/ A . 


it 


|c | ll-  -A/lsmf  Ar) . 1-1  - -A\*cos*Av).  -1  - -vAxini at)  . 1-1- -a*j^«h<aT)  . Eq.t  15.121  is  not  satisfied, 
fix  fix*  cl  cS* 

|d)  v 11-  wAca%(k.x  + in),  a =L-1  = -^ai*sin(Ar+ AT) 

* A * flf2 

Evaluate:  The  functions  cos<£v  -t  AT ) and  xin(Av  -t  at)  differ  only  in  phase. 

IDEYIIFY:  vp  arxl  at  arc  given  by  Eqs.l  I 5.9)  and  (15.10). 

SET  UP:  The  sign  of  v,  determines  the  direction  of  motion  of  a particle  on  the  stnng.  If  \\  - Oand  u,  * 0 the 
speed  of  the  particle  is  increasang.  If  vt  * 0.  tlx  particle  is  speeding  up  v.  and  a,  have  the  same  sign  and 
slowing  down  if  they  have  opposite  signs. 

Exec  ute:  (u)  The  graphs  are  given  in  figure  15.10. 

(b)(i)  i’,  - ai.'I sir.(0 1 = 0 and  the  particle  is  instantanecnisly  at  rest.  at  - -to* A cos<0)  - —fa  A and  the  particle  is 
speeding  up. 

(ii)  v\  - taA xin<z/4)  -aa'|/\A2.  at>d  the  particle  is  moving  up.  at  - —fa* A cos{ sj 4 1 - -&*Af  yfl . and  tlie  particle  is 
slowing  down  < v,  and  d.  have  opposite  sign). 

(iii)  vt  - Ai/lsan(x/2)  - caA  anJ  the  particle  is  moving  up.  at  - -<uJdcoi(T/2)  = 0 and  the  panicle  is 
instantaneously  not  accelerating. 

(iv)  v.  - iaA sin 3sr/4 ) - coA) . and  the  particle  is  moving  up.  aw  - —fu'A cos< 3rr/4 ) - tr/  A*  V 2 , and  the  particle 
is  speeding  up. 

(v)  v — Ai.-fsintx)  - 0 and  the  particle  is  instantaneously  ai  rest.  - -ai'^cos<x)-  a a A and  the  particle  is 
speeding  up. 

(vi)  v - tjAx\n\ 5.t/4)  - -cuAj-Jl  and  the  particle  is  moving  down,  a - -*v'.fcos(5.T(«'4)  - n>*  At *Jl  and  the 
particle  is  slowing  down  ( v and  a have  opposite  sign). 

(via)  \\  - A/lsin(3Ty2)  - —faA  and  the  particle  is  moving  down.  af  = -fa1  Acos^ix/l)  -0  and  the  purticle  is 
instantaneously  not  accelerating. 

(viii)  v,  *(aAs\a(lxf4)  - —oxAj  Jl.  and  the  particle  is  moving  down.  at  - -a»'.1cos(7«/4)  - -faiA/j2  and  tlie 
particle  is  speeding  up  ( v and  a t have  the  suite  sign). 

Evaluate:  At  t - 0 the  wave  is  represented  by  figure  1 5. 10a  m the  textbook:  point  (i)  in  the  problem 
corresponds  to  tlie  origin,  and  points  liiHviii)  concspxmd  to  the  points  in  the  figure  labeled  l -7.  (>ur  results  agree 
with  what  is  shown  in  the  tieurc. 


figure  15.10 
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1 5. 1 1 . IDEVTIFV  udSCTl’ P:  Read  A and  7*  from  the  graph.  Apply  £q.(  1 5.4)  to  determine  A and  then  use  Eq.(  1 5. 1 ) to 
calculate  v. 

Execute:  (u)  The  naximum  v is  4 mm  (read  from  uraphl. 

<l»l  For  cither  v the  time  for  one  full  cycle  is  0.1X40  s;  this  is  the  period. 

(c) Since  y-0  for  x-0  arc!  r-0  and  since  the  wave  k traveling  in  the  -fa  direction  tlien 

><x.  t)  = Asm[2x{ti'T -xtA)].  (The  phase  is  ditVerent  from  the  wave  described  by  FqX  15.4);  for  that  wa«  y = A 

for  x - 0.  t - 0.)  From  the  graph,  if  the  wave  is  traveling  in  the  +x  direction  and  if  x - 0 and  x - 0.090  m are 

within  one  wavelength  the  peak  at  f - 0.01  s for  x - 0 moves  so  that  it  <xcurs  at  / - 0.035  x (read  from  graph  so 

is  2pproxin*itc)  for  x - 0.090  m.  Hie  peak  for  x - 0 is  the  first  peak  past  / - 0 so  corresponds  to  the  find 

maximum  xn  sinjlrf/.'  T-xtA)]  and  hence  occurs  at  2 x{t/T  - x/A)- xt  2.  If  this  same  peak  moves  to 

f,  - 0.035  s at  x,  - 0.090  m.  then 

2x{lt  fT  - x, /A)  *xt2 

Solve  for  A:  tJT-xJA  = 1/4 

xt  tA  - /,  <T  - 1 /4  - 0.035  s t 0.040  s - 0.25  = 0.625 

A - xt  • 0.625  - 0.0X1  m: 0.625 -0.14  m 

Then  v*  fA*AtT~ 0.14  m/0.040 s » 3.5 m/s. 

<d)  If  the  wave  is  traveling  in  the  -.r -direction,  then  >•(*.  f)  - Asin(2ji(t!  T + xtA))  and  the  peak  at  t - 0.050  x 
for  x - 0 corresponds  to  the  peak  at  /,  = 0.035  s fee  x,  = 0.090  m.  lliis  p:ak  at  x - 0 is  the  second  peak  past  the 
origin  so  corresponds  to  2 x(t/T  + xfA)  — 5t/2.  If  this  same  peak  moves  to  /,  - 0.035  s for  xt  - 0.090  in.  then 
2Titt.tT  + xlfA)-Sx!2. 
tt)T  t-x.i’x  =5/4 

xi tA  ^ 5/4 -/, fT  - 5/4  - 0.035  s/0.(X40  s = 0.375 
A = xt  /0.375  - 0090  m.'  0.375  = 0.24  m. 

Tlien  »•  ^ /A  = AiT  ^ 0.24  m/0.040  s - 6.0  m/s. 

Evaluate:  No.  Wouldn’t  know  which  point  in  the  wave  at  x - 0 moved  to  which  point  at  x - 0.090  m. 

15.12.  Identity:  v,=—  v*fA»AtT. 

SETUP:  .L^cosj  l^Ll  x-i7>  Illjsinj  if-ix-tf) 

Execute:  (u)  Aco*2x^1-L  'f-+Aco%ll^  *-£/  |-+v*coslfL(*-vj)  where  y- A.  f = v has  been  used. 
<h)v4^.dsinii,.v-i4 

<c)  The  speed  is  the  greatest  when  the  sine  is  1.  and  that  speed  is  2xvAfA.  . This  will  be  equal  to  v if  A-  A>j2x , 
less  than  v if  A<Af  2x  and  greater  than  v if  A>Af2x. 

EVALUATE:  The  propagation  speed  applies  to  all  paints  on  the  siring.  The  transverse  speed  of  a particle  of  the 
stnng  deprnds  on  both  x and  (. 

15.13.  IDENTIFY:  Follow  the  procedure  specified  in  the  problem. 

SET  L’P:  Foe  /.  and  x in  cm  v m cm's  and  t in  s«  the  argument  of  the  cosine  is  in  radians. 

Execute:  (u)r-0: 


,v<cm> 

0.00 

1.50 

3.00 

4.50 

6.00 

7.50 

9.00 

10.50 

12.00 

r (cm) 

0.300 

0.212 

0 

-0.212 

-0.300 

-0.212 

0 

0.212 

0.300 

The  graph  is  shown 

in  Figure  15.13a. 

<b><i)  i 

- 0.400  s: 

.v  (cm) 

0.00 

.50 

3.00 

4.50 

6.00 

7.50 

9.00 

10.50 

12.00 

y '»"» 

—0.22 1 -0.0131 

0.203 

0.300 

0.221 

0.0131 

-0.203 

-0.300 

-0.221 

The  graph  is  shown  m Figure  15.13b. 

<ii)  f-O.SOO  s: 

x(cm)  0.00  1.50  3.00  4.50  60)0  7.50  9.00  10.50  12.00 

y (era)  0.0262  -0.193  -0.300  -0.230  -0.0262  0.193  0.300  0.230  0.0262 

The  graph  is  shown  in  Figure  15.13c. 

<iii)  The  graphs  show  that  the  wave  is  traveling  in  +x  direction. 
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15.14. 


15.15. 


15.16. 


Evaluate:  We  know  that  Eq.(  1 5.3)  is  for  a wave  traveling  in  the  +x«directioo.  and  y\xj)  is  derived  from  this. 
This  is  consistent  with  the  dircctxm  of  propugation  we  deduced  from  our  graph. 


r am 


IDEYIIFY:  The  frequency  and  wavelength  determine  the  wave  speed  and  the  wave  speed  drpends  on  the 
tcnsicoi. 


Set  Up: 


//  = mfL  . v«  fX. 


Execute  F - pi-'  l(‘>0.0ll/|[0.750mlr  ^ 4J.2  N 

2.50  m 

EVALUATE:  If  the  frequency  is  held  fixed,  increasing  the  tension  will  increase  the  wavelength. 

IDENTIFY  and  Se  t L’P:  Use  Ilq.f  1 5 . 1 3 > to  calculate  the  wave  speed  Thm  use  Eq.( 1 5.1)  to  calculate  tlie 
wavelength. 

Execute:  (u)  The  tension  F in  the  rope  is  the  weight  of  the  hanging  mass: 

F -mg  - (1.50  kgX9.80  m^s1)-  14.7  N 
v = yfF/j 7 ^ ^14.7  M'( 0.0550  kg  m)  - 16.3  m s 

(b)  v»  fk  so  X - vf / = (16.3  ms)'  120  Hr  -0.136  m. 

(c)  Evaluate:  » - ^Ftp*  where  F - mg.  Doubling  m increases  \ by  a factor  of  J2.  X - »>/.  / remains  120  11/ 

and  v increases  by  a factor  of  J2 % so  X increases  by  a factor  of  Jl. 

IDENTIFY:  foe  transverse  waves  on  a string,  v - yjF /i . The  general  form  of  the  equatxm  for  waves  traveling  xn 
the  -fa -direction  is  v(.v,/>  - !co*(Ly  - <uf ).  For  waves  traveling  in  the  -j direction  it  is  ><x,f)  - ,fcos(Ur  + cjf) . 
v - (afk . 
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15.17. 


15.18. 


15.19. 


15.20. 


SET  UP:  Comparison  to  the  general  equation  gives  A - 8.50  nsn . k - 1 72  rad  m and  eo  - 2730  rad  s . Tbc  string 
has  mass  0. 128  kg  and  u - »\  t L - 0.0850  kg  m . 


_ 4 , co  2730  rad's 

EXECUTE:  (a)  v- 

A 172  rad  m 


d 1.50  m 

15.9  m s.  / 0.0943v 

v 15.9  ras 


|b>  W - F - pS  - (0.OS50  kg'mXlS.9  to1>‘  =21.5  N . 
2.T  rad  2.7  rad 


172  rad  ni 


- 0.0365  m . I he  number  ot  wavelengths  akmg  the  length  ot  the  string  is 


50  m 


-41.1 


0.0365  m 

(cl)  l or  a wave  traveling  in  the  opposite  direction.  yixj)  - <8.50  mmico«([l72  rad  m)x  r [2730  raid  s]rl 
EVALUATE:  We  have  assumed  that  the  tension  in  the  string  is  constant  and  equal  to  H*.  In  reality  the  tension  will 
vary  akmg  the  length  of  the  string  because  of  the  weight  of  the  string  and  the  wave  speed  will  there  fore  vary  along 
the  string.  The  tension  at  the  lower  end  of  the  string  will  he  If’  - 2 1 .5  N and  at  the  upper  end  it  is 
W t-  1.25  N = 22.8  N , an  increase  of  6%. 


Identity:  For  transverse  waves  on  a string,  v - yJP>  fi . i - fX  . 

SET  UP:  The  wire  has  /j-m.'L-  <0.0165  kg|/<0.750  m)  - 0.0220  kg’m  . 

Execute:  <u)  v = HzM3.33xlO  • ml  = 29.1  m s . The  tension  is 

/’  = pS  =<0.0220  kg  m)  29.1  nvs)J  = 18.6  N . 

(b)  v = 29. 1 mf% 

EVALUATE:  If  /.  is  kept  fixed  the  wave  speed  and  the  frequency  increase  when  the  tension  is  increased. 
IDENTIFY:  Apply  V /*.  - 0 to  determine  the  tcnsicoi  at  ditTcrcnt  points  of  the  rope,  v = . 

Set  Up:  From  ILxairple  15.3.  - 20.0  kg . = 2.00  kg  and  //  - 0.0250  kg  m 

Execute:  (u)  The  tension  at  the  bottom  of  tbc  rope  is  doc  to  th:  weight  of  the  load,  arxl  the  speed  is  th:  same 
88.5  m/s  as  found  in  Example  15.3. 

(b)  The  tension  at  tbc  middle  of  the  rxpe  rs  <21.0  kg  )<9.80m/V)=  205.8  N and  the  wave  speed  is  90.7 m/s. 

(c)  The  tension  at  the  top  of  the  rope  is  <220  kgX9.80  m'sJ)  = 215.6  in  s and  the  speed  is  92.9  m's.  (See 
Challenge  Problem  < 15.82)  for  the  effects  of  varying  tension  on  the  time  it  takes  to  send  signals.) 

EVALUATE:  The  tension  increases  toward  the  top  of  the  rope,  so  the  wave  speed  increases  frwn  the  bottom  of  the 
rope  to  the  top  of  th:  rope. 

IDENTIFY : v = ij /*  •’ //  . v = fX  . The  general  form  for  \ixj)  is  given  in  Eq.(  1 5.4).  where  T = 1 // . Eq.(  1 5. 10) 
says  that  the  maximum  transverse  aeecleratioci  is  - <\>'A  = <2 xfy  A . 

SETUP:  //-  0.0500  kg  m 

EXECtrTE:  (u)  v - Jrjii  - ^(5.00X1/(0.0500  ke.'ml  - 10.0  m ft 
lb)  A = v//  = (10.0  m It  )/(40.0  lb)  - 0.250  m 

(c>  ><>./)  = A co*Hv  -or),  k = 2a /X  - 8.00.x  rad  /m:  to  - 2xf  - HO. Ox  rad/*  . 
a (3.00  cm  |ccrt|x|  8.00  r*d/m)i- (80.0b  rad/sir] 

(d)  v,  = ,Ai>  *iri<*i  - or  l and  at  - -Aa)‘co*(kx  - <•»•! . u.  - .Ini'  = A(2af)‘  - 1890  mf%‘  . 

(e)  a much  larger  than  g.  so  it  is  a reasonable  appnrxmvition  to  ignore  gravity. 

Evaluate:  y{xd)in  part  <c)  gives  v(0.0)  - A . which  skies  correspond  to  the  oscillator  having  maximum 

upward  displacement  at  t - 0 . 

Identity:  Apply  Eq.<  15.25). 

Setup:  a>  = 2 xf . u-miL. 


Execute:  <u)  P„  - -JjtFatA 


-4 


3.00x10  kir 


(25.0  NU2*<  120.0  llz))j(l .6x10  1 mf  =0.223  W 


or  0.22  W to  two  figures. 

(b)  P is  propixticeial  to  A' . so  halv  ing  the  amplitude  quarters  the  average  power,  to  0.056  W. 
EVALUATE:  The  average  power  rs  also  proportional  to  th:  square  of  the  frequerxv. 
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15.21. 


15.22. 


15.23. 


15.24. 


15.25. 


15-7 


p / 

IDENTIFY:  Fora  point  source,  / - —.and — 

W /,  r; 

Ski  Ip:  I fiW  - 10"  \V 

7 


EXECUTE:  (a)  r.-r  p.  = (50.0  ml  I 95  km 


10,0  Wi'm' 

IxlO  ‘ W m 


(b>  ii  - . with  - 1.0  i/W  m;  and  r, -2r...  /,  — /. 1 - i|  - /.  .4  - 0.25  uWftiT . 

A '1  V*iJ 

(c)  /,-/(4.r/--l  = nO.O\V.'m'X4.rMJOOm>* -I  I-101  W 

Evaluate:  These  arc  approximate  calculations.  that  assume  th:  sound  is  emitted  uniformly  in  all  directions  and 
that  ignore  tbc  efforts  of  reflecticei.  for  example  reflection*  from  tbc  ground. 

Identify : Apply  Ilq.<  1 5.26). 

SKI  Ip:  /,  - 0. 1 1 \V  m; . r,  - 75  m . Scl  /,  * 1.0  Wm*  and  solve  for  r. . 

Execute:  r,  - r.  £ = (7.5  ml  1°  1 1 - 2.5  m.  so  ll  it  posable  to  move 

V<  \1.0W/m- 

r - r - 7.5  m - 2.5  m - 5.0  m closer  to  the  source. 

Evaluate:  / increases  as  the  distarxc  /•  of  th:  observer  from  the  source  decreases. 

IDENTIFY  and  s*:r  UP:  Apply  Eq.(  15.26)  to  reiitc  / and  r. 

Power  is  related  to  intensity  at  a distance  r by  P - /(4^r* ).  Energy  is  power  tinxs  time. 

Execute:  <m  l,r‘  = /,r; 

A - IfctrJ?  = (0.026  \V.m’x4.J  m3. 1 m)’  =0.050  W/m1 
(b)  P-  4 ar‘l  - 4o(4.3  m)*(0.026  W m‘)  - 6.04  W 
Energy  -Pi-  (6.04  \V 113600 t|  = 2.2  x 10*  1 

EVALUATE:  We  could  have  uicd  r = 3.1  m and  / - 0.050  W/m*  In  /’  - i.r/  'l  and  would  have  obtained  the 
sanx  P.  Intensity  becomes  less  as  r increases  because  the  radiated  power  spreads  over  a sphere  of  larger  area. 

1DF-N  HFY:  The  tension  and  miss  per  unit  length  of  the  rope  determine  the  wave  speed.  Compare  given  in 

the  problem  to  the  general  form  given  in  Lq.(  1 5.8).  v - talk  . The  average  power  is  given  by  l:q.  | 1 5.25). 

SET  UP:  Comporwoci  with  Lq.f  1 5.8)  gives  A - 2.33  mm  . k - 6.9S  rad/m  and  - 742  rad  s . 

Execute:  (u)  a - 2.30  mm 
. _^_~42  rad;^ 


It 


"I  6.98  rad  ni 


I IS  11/. 

- 0.90  m 


(e)  Tlic  wave  is  traveling  m the  -a*  direction  because  the  phase  of  y(a\  f)  has  the  form  kx 

(f)  The  linear  mat*  ilcmily  is  « = (3.38x10  ' lg)/(l .35  m)  = 2504  x 1 0 kg'm . to the  icntkm  it 
F = ft,’  =<2.504  x 10  ‘ kg/m XI 06.3  m/*)1  = 2K.3  N . 

(Si  P.  =±JvF<tfA!  =t^(2.50x10  kg/mX283\)(742  rad/t)'(2.30x  10  ' ml’  =0.39  W 

EVALUATE:  In  part  Id)  we  could  also  calculate  th:  wave  speed  as  v - f X and  we  would  obtain  the  sanx  result. 

1DEM1FV:  P - i.zr'l 

SET  IP:  From  Example  I5.S.  / = 0.250  W'W  at  r = 15.0  m 
Execute:  P = 4 xr“l  = 4t(15.0  m)’(0.250  W/m1 ) = 707  W 

EVALUATE:  / = 0.010  W/m1  al  75.0  m and  4s(75.0  ml' (00 10  W.m')  = 707  W . P it lire  average  power  of  the 
sinusoidal  waves  emitted  by  tlu:  source. 
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15.26.  IDENTIFY:  The  distance  the  wave  shape  travels  in  time  / is  17.  The  wave  pulse  reflects  at  the  end  of  the  string,  at 
poant  O. 

SET  Up:  Tbc  reflected  pulse  is  inv  erted  when  O is  a fixed  end  and  is  not  inverted  when  O is  a free  end. 
Execute:  iu)  The  wave  form  for  the  given  times,  respectively,  is  shown  in  figure  15.26a. 

(b)  Tlie  wave  form  for  the  given  times,  respectively,  is  shown  m figure  15.26b. 

Evaluate:  for  the  fixed  end  the  result  of  the  reflection  is  an  inverted  pulse  traveling  to  the  left  and  for  the  free 
end  the  result  is  an  upright  pulse  traveling  to  the  lefl. 


Figure  15.26 


15.27.  I DE\  llf^ : The  distance  the  wave  shape  travels  in  time  / is  i7.  The  wave  pulse  reflects  at  the  end  of  the  string,  at 
poant  O. 

SET  UP:  The  reflected  pulse  is  inverted  w hen  O is  a fixed  end  and  is  not  inv  erted  when  O rs  a free  end. 
EXECUTE:  (u)  The  wave  form  for  the  given  times,  respectively,  is  shown  in  figure  15.27a. 

The  wave  form  for  the  given  times,  respectively,  is  shown  in  figure  15.27b. 

EVALUATE:  for  the  fixed  end  the  result  of  the  reflection  is  an  inverted  pulse  traveling  to  the  left  and  for  the  free 
end  the  result  is  an  upright  pulse  traveling  to  the  lefl. 


I.fl  its*  2.0  im  .'Dins  4X1  n»  5.0 nw  (M)iK  7.0 r*s 


lOim  3.0  rm  XOrm  4.0  m*  5.0  ms  6.0  aw  70  ms 


<b) 

Figure  15.27 

15.28.  Iden  : Apply  the  principle  of  superpewit  ion. 

S»:r  UP:  Tbc  net  ditplacciwnl  is  the  algebraic  sum  of  the  displacements  due  to  ca:h  pulse. 

EXECUTE:  The  shape  of  the  string  at  each  specified  time  is  shown  in  figure  15.28. 

EVALUATE:  The  pulses  interfere  when  they  overlap  but  resume  their  original  shafv  after  they  have  completely 
passed  through  each  other. 


0.250s  O.Ws  0750  IXB»  IJ5> 


Figure  15.28 

15.29.  iDEYim : Apply  the  principle  of  superposition. 

SET  UP:  The  net  displacement  is  the  algebraic  sum  of  the  displacements  due  to  ca:h  pulse. 
EXECUTE:  The  shape  of  the  string  at  each  specified  time  is  shown  in  figure  15.29. 
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15-10 


Chapter  15 


15.30.  IDENTIFY:  Apply  the  principle  of  superposition. 

SET  UP:  Tbc  ncl  ditplaccnxm  i s the  algebraic  sum  of  the  displacement*  due  to  each  pulse. 

EXECUTE:  The  shape  of  the  string  at  each  specified  time  u shown  in  figure  15.30. 

Evaluate:  The  pulses  interfere  wlien  they  overlap  but  resume  their  original  shap:  after  they  have  completely 
passed  thnxigh  each  other. 


Figure  1 5 JO 

15.31.  Ideyiify:  Apply  the  principle  of  superposition. 

SET  UP:  Tbc  net  displaccrrcnt  is  the  algebraic  sum  of  the  displacements  due  to  ca:h  pulse. 

EXECUTE:  The  shape  of  the  string  at  each  specified  time  is  shown  in  Figure  1 5.3 1. 

EVALUATE:  The  pulses  interfere  when  they  overlap  but  resume  their  original  shap:  after  they  have  completely 
passed  thnyugh  each  other 

6 CDs 
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15.32. 


15.33. 


15.34. 


15.35. 


15.36. 


IDI-N I1FY:  |'w  = V|  + >\ . The  siring  never  moves  at  values  of  x for  which  sin  Ay  - 0 . 

SET  UP:  sir*  A±B)-  sin  .Tcos  B ± cos  A*in  B 

EXECUTE:  (u 1 ym  - dsin(Ax  + at)  + A «n(Ax -at). 

>m*  - -4(siD(Ax)cos(«yf  ) ♦ cos(Ax|sintft*f  + sin(  Ay)cos| eat) - cos<  Avtsinl  a* >|  - 2dHn(Ax)cos|Aif) 

(hi  sin  Ay  - 0 for  kx  - nx,  n = 0, 1 .2 x ~ — - . *'  — 

A lx:/.  1 

EVAliUTE:  Using  v - s infix  ± eat)  instead  of  v - Acosfkx  i ex ) corresponds  to  a particular  choice  of  phase 
and  corresponds  to  y = 0 at  v - 0 . for  all  t. 

IDI.MIFY  and  S»: r UP:  Nodes  occur  where  sin  At  = 0 and  antinodes  arc  where  «nAr  = ±l. 

EXECUTE:  Eq.(  1 5.281:  y = ( .<aV  sin  kx  )sin  a* 

(a)  At  a nod:  y - 0 for  all  t.  This  requires  that  sin  Ay  - 0 and  this  occurs  for  kx  = nx.  n - 0.  1.2,... 

ax 


x — /ix  A 


(1.33  min.  n - 0.  1.  2. ... 


0.750.7  rad  m 

(hi  At  an  antinode  sinAY  = ±1  so  v will  hive  maximum  amplitude.  This  occurs  when  kx  - (fl+y)T, 

» = 0,  1,2,... 


■ri.*4)f/*.(«+A] 


(l.3im)In»A».  »-0.  1.2.... 


0.750.7  rad  m 

Evaluate:  A - 2jrfk  - 2.66  m.  Adjacent  nodes  are  separated  by  A SI.  adjacent  antinodes  arc  separated  by 

AS 2.  and  the  node  to  antinode  distance  is  ASA. 

IDENTIFY:  Apply  Kqs.|T5.2S)  and  (15.1).  At  an  unimode,  y(t)  = sinmf  . A and  a»  for  the  standing  wave  have 
the  same  values  as  for  th:  two  traveling  waves. 

SET  UP:  /iVA  - 0.850  cm  . Tbc  antinode  to  unimode  distance  is  AS 2.  so  A - 30.0  cm  . v,  *SyS£t . 

Execute:  (Ul  The  node  to  node  distanre  is  AS 2 - 15.0  cm  . 

(h)  A is  the  same  as  fc»r  the  standing  wave,  so  A = 30.0  cm  . A = - 0.425  cm  . 


13.3  ms 


, . A 0.300  m 

v-  fA 

r 0.0750  s 

dv 

(cl  v;  - — — /^vAisinAYCosAX  . At  an  antinode  sinAY  - I . so  v = A^%(aco*cX  . yvn  - A^ta . 
ci 


2.7  rad  2/7  rad 


K3.S  nxlS  . v=(0.850x  10  : mX83.8  rad's)  = 0.0712  ms  . i’  = 0 . 


T 0.0750 

(<l  1 The  distance  from  a rode  to  an  adjacent  antimde  is  ASA  = 7.50  cm  . 

Evaluate:  The  maximum  transverse  speed  for  a point  at  an  antmodc  of  the  standing  wave  is  twice  the 

maximum  transverse  speed  for  each  traveling  wave,  since  A k1A  =2/1  . 

IDSMIFY:  Evaluate  fPySBx*  and  d*y/dt*  and  see  if  Iiq.<  1 5. 1 2»  is  satisfied  for  v = e>:  k . 

r?  d d d 

SET  Up:  — sin  Ax  = AcosAr  . — cos  Ax  = -A  sin  Ay  — sinoif  - eacozat  . — cos  ah  = -^isinne 

fix  ex  eli  cV 

EXECUTE:  (u|  1-1  - -A:( sinA*]sinAx,  1-1  = -ar( A"  sintur  jsinA.v.  so  for  \ixj)  to  he  a solution  of 


EoOS.121.  -<•'  - 


. and  v - — . 


(hi  A standing  wave  is  built  up  by  the  superpositxm  of  traveling  waves,  to  wh»:h  the  relationship  r - A/k  applies 
EVALUATE:  y(xj)-  f/Lv  sinAx)sin/*x  is  a solution  of  the  wave  equation  because  it  is  a sum  of  solutions  to  the 


wave  equation. 

IDENTIFY  and  SET  U P:  cost  Ax ± at)  = cosAxcos  a*  T sin  Arsm  at 
EXECUTE:  \\  + >\  - A |-cos<Av  -t  eat)  + cost  Ay  — cuf)l . 

>*,  + y}  = A[  - cos  Av  cos  ax  -t  sm  Axun  at  * cos  Ay  cosax  + »n  Av  sin  at\-2A  sin  Ax  sin  at . 

EVALUATE:  The  d:rivution  shows  that  the  standing  wave  of  Eq.(l5.2K  ) results  from  the  combination  of  two 
waves  with  th:  same  .L  A.  and  eo  that  arc  traveling  in  opposite  directions. 
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15.37. 


15.38. 


15.39. 


15.40. 


IDENTIFY:  Evaluate  f^v/rV  and  B3ytBt:  and  show  that  Eq.(  15. 12)  is  satisfied. 


€?  y d3\\  B*  I'.  d3y  d'y,  ^Vj 

EXECUTE:  + — ‘-j-  and  — — + ^ . The  functions  y , and  v,  arc  given 


being  solutions  to 


tlic  wave  equation.  so 

_1  £!l 

i?.V-  i?V  i?A- 


_ _ 

i'  )7r 


*y> 

7r~ 


Ip’.  v,  _ 1 3‘y 

7 F F 7 a? 


i’  J r.  + v>  is  a solution  of 


Eq.  (15.12). 

EVALUATE:  The  wave  equatxm  is  a linear  equation,  as  it  is  linear  in  the  derivatives,  and  differentiation  rs  a I 
operation. 


Idi.n  tin : Foe  a string  fixed  at 


both  ends.  A - — and  / - n!  — . 

* * ' ' 2L) 


SET  UP:  For  the  fundamental.  ;j  - 1 . For  the  second  overtone,  n - 3 . For  the  fourth  harmonic,  n - 4 . 
Execute:  (■>  ' arftrff  a 160 “*  ■ 

(b)  A,  = x,/3  = 1.00  m . f - 3 /,  = 48.0  Hz  . 

(c>  A<  = 4/4  =0.75  m . f%  - 4/  - M.O  Hz  . 

EVALUATE:  As  n increases.  /.  decreases  and  j increases. 

IDENTIFY : Use  Eq.l  1 5. 1 > for  v and  Eq.(  15.13)  for  the  tcnsxm  F.  v = Bytes  and  <Jt  - dr  !Bi. 

(a)  SET  Up:  The  fundamental  standing  wave  is  sketched  in  Figure  15.39. 

/ = 60.0  Hz 
From  the  sketch. 

( A/2-L  so 

! A-2I  = l.6Qm 


2 

fuidinKtinS 
Figure  15.39 

EXECUTE:  i = fA  = <60.0  I l*X  1 .60  ml  = 96.0  nVs 

(b)  The  tension  is  related  to  the  wave  speed  by  Eq.(15.13): 
vs/F'g  *o  F - //r*. 
p - m.'/.  - 0.0400  kg 0.800  m ^ 0.0500  kgm 
F = pS  ^(0.0500  kg  mH 96.0  mtf  = 461  N. 

|c>  « = 2r/  = 377  rad’s  and  j(x,  f)  = ^ sinLvsinwr 
v.  =fi>/lVA  unAvcosne.  a,  - -to'  A%.a  sin  A v sin  m.' 

(v,  = uAn  = (377  rad  %M0.300  cm)  = 1 . 1 3 m s. 

(* , = (377  rad‘s),(0.3€0  cm)  ^ 426  m s2. 

Evaluate:  The  transverse  velocity  is  different  from  the  wave  velocity.  The  wave  velocity  aixl  tension  arc 
similar  xn  magnitude  to  the  values  in  th:  Examples  in  the  text.  Note  thit  the  transverse  acceleration  is  quite  large. 
IDF.N11FY:  The  fundamental  frequency  depends  on  the  wave  speed,  and  that  in  turn  depends  on  the  tension. 

YF  v 

SET  Up:  v = I — where  u - m.'  L . / The  nth  haimcvuc  has  frequenev  f - nf  . 

\ti  2L 


Execute:  (u)  v- 


I 


(800  N M0. 400  m) 
3.00x10  ku 


- 327  m s . t ^ — 


327  m s 


-409  Hz 


2L  2t 0.400  ml 


(b)  n - 24.4  . The  24*  harmonic  is  the  highest  that  couki  he  heard 

EVALUATE:  In  part  tb  l we  use  the  fact  that  a standing  wave  on  the  wire  produces  a sound  wave  in  air  of  the  same 
frequency. 
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15.41. 


15.42. 


15.43. 


IDENTIFY:  (*ixupue  y\x.  /)  given  in  the  problem  to  Kq.(  15.28).  From  the  frequency  and  wavelength  for  the 
third  harmoroc  find  these  values  for  the  eighth  harmonic 

(a)  SET  Up:  The  third  harmone  standing  wa\«  pattern  is  sketched  in  Figure  15.41. 


Figure  15.41 


EXECUTE:  (b)  Eq.  (15.28)  gives  the  general  equation  for  a standing  wave  on  a string; 

><j.  f)  = (4.v  «n*r>riiwuf 

4*  = 2 A.  so  .4  = ^.2  = (5.60  cm >2  = 2.80  cm 

(c)  The  sketch  xn  part  (a)  shows  that  L = 3(4 fly  k - Ixf  A.  A -2x:k 
Coirparixoa  of  y(x.  e)  given  in  the  problem  to  tq.  (15.28)  gives  k - 0.0340  radem.  So, 

A = 2x  .'(0.0340  radon)  - 184.8  cm 

L = 3(^/2)  = 277  cm 

(d)  >4  — 185  cm.  from  part  (c) 

ft?  = 500  rad  s so  / swtlx  - 7.96  Hz 
period  r = l//  =0.126  s 
v-  fA  = 1470  ctn's 

(e)  v.  - dy ' di  - <t?\^  sin  b cos  cot 

v,  — - (50.0  rad 's)(5.60 cm)  - 280  em's 

(f)  /.  = 7.96  Hz -3/.  so  /,  =2.65  Hz  is  the  fundamental 
f%  =8/,  =21.2  Hz;  = 2*/,  = 133  rad  s 

^ = v,7  =(1470  cm*sV(2 1.2  Hz) -69.3  cm  and  k = IrfA  = 0.0906  rad  cm 
yix.  t ) = (5.60  cm)sin< [0.0906  rad  cmjr)sinf  [133  rad  s)i) 

EVALUATE:  The  wavelength  and  frequency  of  the  standing  wave  equals  the  wavelength  and  frequency  of  the  two 
traveling  waves  that  combine  to  form  the  standing  wave.  In  the  8th  harmonic  the  frequency  and  wave  number  are 
larger  than  in  the  3rd  harmonic. 

IDENTIFY : Compare  the  >(.r./)s|>>:ificd  in  the  probVmi  to  the  general  form  of  I:q.{  15.2S). 

SET  Up:  The  comparison  gives  d,A  - 4.44  mm » k = 32.5  rad  m and  c?  - 754  rad 's  . 

Execute:  (u>  A = =4(4.44  mm)  = 2.22  mm . 

<b^-TL-TT7^T;0mm 


-120  Hz 


754  rad/s 


W)v=s:  = 


32.5  rad.  m 


23.2  m/s. 


(e)  If  lb:  wave  traveling  xn  the  +x  direction  k written  as  \\(xj)  - A cos(Ly  - <uf ),  then  the  wave  traveling  in  the 
-v -direction  is  yx( xj)  = -Acosfkx  + <ur) , where  A = 2.22  mm  from  part  (a),  k = 32.5  rad/m  and  m = 754  rad/s  . 

(f)  The  harmonic  cannot  be  determined  because  the  length  of  the  string  is  rail  specified 

Evaluate:  The  two  traveling  waves  that  produce  the  standing  wave  arc  identical  except  for  their  direction  of 
propagation. 

(a)  IDENTIFY  and  SET  Up:  Use  the  angular  frequency  and  wave  number  for  the  traveling  waves  in  Eiq.(  15.28)  for 
the  standing  wave. 

Execute:  The  traveling  wave  is  yix.  /)  = (2.30  mm)cos([6.9S  rad  m)r)  + [742  rad  s» 

A = 2.30  mm  so  Afw  = 4.60  mm;  k = 6.98  rad  m and  o?  - 742  rad  s 
The  general  equation  for  a standing  wave  is  i(x.  0 = (^  sinLY)sinnir,  so 
>(  y.  /)  = (4.60  mm)sin([6.98  rad  m]*»sin([742  rad  s|f) 

(h)  IDF.MIFY  and  SFT  Up:  Compute  the  wavelength  to  the  length  of  the  rope  in  order  to  nlcntify  the  harmonic. 
Execute:  L - 1.35  m (fr»>m  Exercise  15.24) 

A = 2k  f k = 0.900  m 
L = 3(^/2).  so  this  is  the  3rd  harmonic 
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15.44. 


15.45. 


15.46. 


15.47. 


(c>  For  this  3rd  harmonic,  / - ioflx  - 1 IS  Hz 
/ = 3 / so  / - (1 1 8 I Iz  V3  = 39.3  I Iz 

EVALUATE:  The  wavelength  and  frequency  of  the  standing  wave  equals  the  wavelength  and  frequency  of  the  two 
traveling  wj\et  that  combine  to  form  the  standing  wave.  The  nth  harmonic  hasn  node- to nod:  segments  and  th: 
node  -to  node  distance  is  A (2,  so  the  relation  between  L and  A,  for  the  nth  harmonic  is  L - n(At 2). 


1DIAI1F\: 


21 


- jFfji  . v - f A . The  standing  waves  have  wavelengths  Am and  frcqwncies  fA  - . The 


standing  wave  on  the  string  and  the  soutxJ  wave  it  produces  hove  the  &imc  frequency. 
SET  UP:  For  the  fundamental  n — 1 and  for  the  second  overtone  n - 3 . The  stnng  has 
fj  - ntf L ^ 18.75 x 10  * kg). (0.750  m)  = 1 .17x  10  “ kg  m 

EXECUTE:  (a)  A = 2/.  3 = 2(0.750  m)/3  - 0.500  m . The  sound  wave  has  frequency 


- 1 03  x 104  Hz . For  waves  on  the  string, 


t - L-  344  "»'* 

7 3.35x|0;m 

v*/^a(I.O3xl04  I Iz)f0.5C0  m)  = 5. 15x10*  m s . The  tension  in  the  string  is 
/*  = //>-*  =(1.17 x 10  ' kg  m) 5.15 v 10  m’s):  = 3.10x  10*  N. 

|b)  /=//3=<l.03xl04  llz) *’3 - 3.43x  10*  Hz  . 

EVALUATE:  The  waxes  on  the  stnng  have  a much  longer  wavelength  than  the  sound  waves  in  the  air  because  the 
speed  of  the  waves  on  the  string  is  much  greater  than  the  speed  of  sound  in  air. 

IDENTIFY  and  SE  r UP:  Use  the  infarmatxm  given  about  the  A,  note  to  find  th:  wave  speed,  that  depends  on  the 

linear  mass  drnsity  of  the  string  and  the  tension.  The  wave  speed  isn't  affected  by  the  plarcmcnt  of  the  fingers  on  th: 

bridge.  Then  tind  the  wavelength  for  the  D*  note  and  relate  this  to  the  length  of  the  vibrating  portion  of  the  string 

Execute:  <u>  / - 440  Hz  when  a fcngth  L - 0.6CO  m vibrates;  use  this  information  to  calculate  the  speed  v 

of  waxes  on  the  stnng  For  the  fundamental  A!2*L  so  - 21  - 2(0.600  m)  = 1.20  m Then 

v-  f A - (440  Il/Ml20mt  - 528  m s.  Now  find  the  length  L - x of  the  string  that  mikes  f - 5S7  Hz. 

, v 528  m s 

A 0.900  m 

/ 58711/ 

L = Ail  = 0.450  m,  so  x = 0.450  m = 45.0  cm 

(b)  No  rctuning  means  same  wave  speed  as  in  part  (a).  Find  th:  length  of  vibrating  string  needed 
( =392  Hz. 


produce 


528  m s 
392  11/ 


- 1.35  m 


L- Ail-  0.675  m;  stnng  is  shorter  than  this.  No.  not  possible. 

EVALUATE:  Shortening  the  length  of  this  v ibrating  string  increases  the  frequency  of  the  fundamental. 
iDEVim : }ixj)  = sin fcr)sin ox  . v , - dyfSt . a,  = c?yi cV1 . 


SET  Up:  ^ sinitr)« . = <.(,*  sinUr)*** 

1|  x - 4*  is  a node,  and  there  is  no  me 

- <2t  f)v^  - 4 . (in  l cosZ  - -L  and  this  factor  multiplies  the  results  of  fit),  so 


Execute:  (u)  (i)  x - 4*  i*  * node,  and  there  is  no  motion,  (it)  .r  is  an  antimde.  and  v 


.=42*/)  a 2*0. 

- 'ft*/*  - 


‘A  . 

(It)  The  unplitiKlr  is  2.1  unfa,  or  (i|  0.  Hi)  2J.  (iii)  2 A/JI. 

(c)  The  time  between  the  extrcnxs  of  the  motion  is  the  same  fee  any  point  on  the  string  (although  the  period  of  the 
zero  motion  at  a node  might  he  considrrcd  indeterminate)  and  is  1(2/*. 

EVALUATE:  Any  point  in  a standing  wave  moves  in  SUM.  All  points  move  with  the  &imc  frequency  hut  have 
different  amplitude. 


IDENTIFY: 


Fur  the  fundanxntak  / - —— 


A standing  wave  on  a stnng  with  frequency/ produces  a 


sound  wave  thit  also  has  frequency/ 

SET  UP:  /,  = 245  llz . L = 0.635  m . 

Execute:  (u)  v = 2/1  =2(245  HzX0.635m)  = 31 1 m/s. 
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< l>>  The  frequerxy  of  the  fundamental  mode  is  proportional  to  the  speed  and  hence  to  the  square  root  of  the  tension; 
1245  llzlJTloT  - 246  11*  . 

(c>  The  frequency  will  be  Ihe  wine.  245  II*.  Th:  wavelength  will  be  - im,f  f - (544  m/»)/(245  H*)  - 1 .40  m. 
which  is  larger  than  th:  wavelength  of  standing  wave  on  the  string  by  a factor  of  the  ratio  of  the  speeds. 
Evaluate:  Increasing  the  tenuon  increases  the  wave  speed  and  this  in  turn  increases  the  frequencies  of  the 
standing  waves.  The  wavelength  of  each  normal  mode  depends  only  on  the  length  of  the  string  and  doesn't  change 
when  the  tension  changes. 

15.48.  IDLMUX : n>e  ends  of  the  stick  arc  free,  so  they  mutf  he  displacement  antino&s.  The  first  harmonic  has  cmc 
node,  at  th:  center  of  the  stick,  and  each  successive  harmonic  adds  ooe  node. 

SKI  Up:  The  mxlc  to  node  and  ant  mode  to  antmede  distance  is  £f  2. 

Execute:  The  standing  wave  patterns  fee  the  fin*  three  harmonics  are  shown  in  Figure  15.48. 

1°  harmonic:  L - -*  x,  - 2L  = 4.)  m . lu  harmonic:  l - U.  -*  - 1 - 2.0  m . 

3*1  harmonic:  L - —£x  ->  - — - — 1 .33  m . 

EVALUATE:  The  higher  the  harmonic  the  shorter  the  wavelength. 


Figure  15.48 


15.49.  iDEVim  and  SET  UP:  Calculate  \\  tas  and  k from  Kqx.fl5.lK  f 15.5 > and  (15.6).  Then  apply  l:q.(  15. 7)  to  obtain 

A = 2.50  x 10*  m.  £ = I .SO  m v = 36.0  ms 

Execute:  <u)  y-/£  so  / = vf£  = (36.0  mfe>'l.80  m = 20.0  11/ 

M*2xf  = 2t(20.0  II/) -126  rads 
k = 2 MiX  - 2*  rad  I M m = 3.49  rad ‘m 

<h)  For  a wave  traveling  to  the  right,  /)  - .4 cost  kx  - tat).  This  equation  gives  that  the  x = 0 end  of  the  string 

has  maximum  upward  displacement  at  / - 0. 

Put  in  the  numbers:  yix,  j)  = (2.S0x  10  1 m»cos((3.49  rad  mfv-(126  rad  sir). 

(c)  The  left  hand  end  is  located  at  x - 0.  Put  this  value  into  the  equation  of  part  <b): 

>10.  f>=  *(2.50*10 -l  m)co*((l26radsy>. 

(d)  Pul  x - 1.35  m inli>  Ibc  equation  of  pan  I bj: 

>(1.35  m.  J>  = (2.S0*I0  * m)ci»((3.49  radm|(l  JS  m)-(l26  rad's)*). 

>11.35  m.  J)  = (2.50*10  * m)cos(4.7l  nd) -(126  rad'aV 

4.71  rad  -3.t.'2  and  ca*0)  - coi(-0),  so  ><1.35  m.  f) -<2.50*  10  ‘ m)c<u((126  rnd’slf -3*/2  rad) 

(e)  y^Acmikx-iM)  ((purl  b)) 

The  Iransvcne  velocity  is  given  by  v - ^^_cosHv-iuf)-*.4Mun(fa-&»l 

ct  rlf 

The  maximum  vt  is  to»  (2.50  x 10  1 mil 126  rads)  - 0.315  fit's. 

(f)  ><*,/)  = <2.50x10  * m)cos((349  rad'm)r-(126  rad's)*) 
r - 0.0625  s and  x = 1 .35  m gives 

>*  = (2.50x10  * mico*i<3.49  radm>(1.35  m)-(!26  rad  s 1(0.0625  x))  = -2.50 x 10  1 m 
\\  = +^toxin(£* - &*}  = -f(0.3 1 5 m’s)*an((3.49  radvm(r-(126  rads}*) 
r a 0.0625  x and  * = 1.35  m gives 

v =(0.315  m/x>Hn((3.49  rad  m|(  1.35  m)-<l26  rad  sXO.0625  s))  = 0.0 

Evaluate:  The  results  of  part  (f)  illustrate  that  v,  - 0 wbm  y = ±A.  as  we  saw  fn>m  SUM  in  C hapter  13. 

15.50.  Identify:  Compare  >(.v,r)  given  in  the  problem  to  the  general  form  given  in  I:q.(l5.8). 
s»:r  UP:  Th:  comparison  givex  A - 0.750  cm . * - 0.400,t  rad  cm  and  m - 250*  rad  s . 


15-16  C hwptcr  15 


Execute:  (■>  A = 0.750  cm.  A ^ = 500  cm*  /s|25Hz'  F = j = 0.0QS00x  and 

v-  */  * 6.25  ms. 

(b)  The  sketches  of  the  shape  of  the  rv$>c  at  e>:h  time  arc  given  in  Figure  15.50. 

<c)  To  stay  with  a wavefront  as  t increases,  x decreases  and  so  the  wave  is  moving  in  the  — x -direction. 

(ill  From  Eq.  (15.13).  the  tension  a F - /a'  = (0.50  kg/m)  (6.25  m/i)1  - I9.S  N . 

<«> 

Evaluate:  The  argumrnt  of  the  cosine  is  (Lv  + ruf)  for  a wave  traveling  in  th:  -i  direction  . and  that  is  the  case 
here. 


v (sin  ( 


15.52. 


15.53. 


15.54. 


15.55. 
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IDENTIFY:  Apply  Y.r  - 0 to  find  the  tension  xn  each  wire.  Use  v - yjFfj  to  calculate  the  wave  speed  for  each 
wire  and  then  / - Uv  is  the  tinx  tor  each  pulse  to  reach  the  ceiling,  where  /.  - 1.25  m . 

SKI  Up:  Tlx  wires  hive  u 0.2D4  kuin  Tlx  tree  body  diagram  for  the  beam  u 

* L (9.S0  ml  Ml  .25  ml  * 7 " 

given  in  Figure  15.52.  Take  the  axis  to  be  at  tlx  end  of  the  beam  where  wire  A is  attached. 

EXECUTE:  Yr  = Ogivcs  TyL^  w<X..'3)and  T§  » %r/3  = 583  N . r,  + 7*  = 1750  N.  so  Tt  = 1 167  N . 

f 1 167  N _c  . . 1.25 

//  y 0.204  kg  m 
1.25  m 


0.0165 


53.5  ms 


^ 75.6  m s 

-0.0234  s.  -1  = 6.9  nw. 


583  N 
0.204  ke  m 


- 53.5  m s . 


EVALUATE:  The  wave  pulse  travels  faster  in  wire  A.  siixe  that  wire  lias  the  greater  tension. 


|L  1.  V 

UJ 

axis 

*-17'** 

v — iu*  — H 

Figure  15.52 

IDENTIFY  and  SKI  UP:  The  transverse  speed  of  a point  of  tlx  rope  is  v.  -dyidf  when:  i^x,  I)  is  given  by  l:qXl5.7). 
EXECUTE:  (u ) )ix.  i>  - A cosf  Uv  - ft* ) 
v,  - dy  i di-t  Aanm(kx  - at) 
v.  s Am- lx /A 


t and  i - 

a MimfL) 


2.7  A 


v ; 

(b)  To  double  %\  ^ increase  F by  a factor  of  4 

Evaluate:  Increasing  the  tension  increases  the  wave  speed  v which  in  turn  increases  tlx  oscillation  frequency. 

With  the  amplitude  hekl  fixed,  increasing  the  number  of  oscillations  per  second  iixrcascs  the  transverse  velocity. 
IDENTIFY:  Tlx  maximum  vertical  acceleration  must  be  at  least  g. 

SETUP:  a^-cTA 

Execute:  g - to'A^  and  thus  /I..  - g/to\  Using  a ) - 2xf  - 2 jt\?A  and  v - Jf-g  , this  becomes  Am * = ~rp 

EVALUATE:  When  the  amplitude  of  the  motion  iixieascs.  the  maximum  acceleration  of  a point  on  the  rope 
increases. 

IDENTIFY  and  SET  UP:  Use  Hq.i  15. 1 1 and  ftt  — 2jt f to  replace  1 by  fti  in  I:q.(l5.l3>  C ompare  this  equation  to 
m - JFTm  from  Chapter  1 3 to  deduce  k\ 

Execute:  (a)  <u  — 2r/\  / - WA,  and  v - *JF/j  These  equations  combine  to  give 
to  -2.t/  - 2a(iVx|  - 

Hill  alio  i>  - 'Jk'lm  liquating  these  cxfircsMiwi*  tor  in  gives  k‘  =mf2-T\/.)1{F)/l) 

Bui  m=fi  Ax  so  S'  - Ax(2xlA?F 

(b)  EVALUATE:  The  "force  constant"  k'  is  independent  of  the  amplitude  .*1  and  mass  per  unit  length  y/.  Just  as  is 
tlx  case  for  a simple  harmonic  oscillator.  The  force  constant  is  proportional  to  the  tension  in  the  string  /’and 
inversely  proport xinii  to  the  wavelength  a.  The  tension  supplies  the  restoring  force  and  the  I/a*  factor  represents 
tlx  dependence  of  the  restoring  force  on  the  curvature  of  the  string. 
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15.56. 


15.57. 


15.58. 


IDENTITY:  Apply  £r#  - 0 to  ooc  post  and  calculate  the  tension  xn  the  wire,  v - Jr/p  for  waves  on  the  wire, 
v - / A.  . The  standing  wave  on  the  wire  and  the  sound  it  produces  have  the  same  frequenev.  for  standing  waves  on 


the  wire.  /.  - 

H 


Si: r UP:  For  the  7*  overtone,  n - 8 . The  wire  has  fj  - m il  - (0.732  kg)/(5.00  ml  = 0. 146  kg  m . The  free- body’ 
diagram  for  one  of  the  posts  is  given  in  Figure  15.56.  forces  at  the  pivot  aren’t  shown.  We  take  the  rotation  axis  to 
be  at  th:  pivot,  so  forces  at  the  pivot  produce  no  torqix. 

EXECUTE:  Yr  = 0givci  »j  LcotSl.Cf  |-ri£*in57.0l»-0.  T = 

^ * 1.2  ) ’inn  57  0-  2lnn57.0 


76..*  N . Foe 


waves  on  the  wire,  i - . | — - 


76.3  N 


146  kg  m 


22.9  m's  . For  the  7*  overtone  standing  wave  on  the  wire* 


2 L 2(5.00  m>  v 22.9  m's 

A 1 25  m ,* 18.3  11/  . Th:  sound  waves  have  frequency  18.3  11/  and 

8 8 A 1.25  m 

wavelength  /.  - - — 1—1  1S.K  m 
* 18.3  Hz 

EVALUATE:  The  frequency  of  the  sound  wave  is  at  the  lower  limit  of  audible  frequencies.  The  wavelength  of  th: 
standing  wave  on  the  wire  is  much  less  than  the  wavelength  of  the  sound  waves,  because  the  speed  of  the  waves  on 
the  wire  is  much  less  than  the  speed  of  sound  in  air. 


Figure  15.56 

IDENTIFY:  The  magnitude  of  the  transverse  velocity  is  related  to  the  slope  of  the  / versus  .r  curve.  The  transverse 
acceleration  is  related  to  the  curvature  of  the  graph,  to  the  rate  at  which  the  slope  is  changing. 

SET  UP:  If  \ increases  as  / increases,  v is  positive.  at  has  the  same  sign  as  v if  the  transverse  speed  is 
increasing. 

Execute:  (u)  and  <b)  (1):  The  curve  appears  to  be  horizontal,  and  v - 0 . As  the  wave  moves,  the  potnl  will 
begin  to  move  downward,  and  a < 0 . (2):  As  the  wave  moves  in  the  -t. redirection,  the  particle  will  move  upward 
so  v >0  . The  portion  of  the  curve  to  the  left  of  the  point  is  steeper,  so  a >0 . (31  The  point  is  moving  down,  and 
will  increase  its  speed  as  the  wave  moves;  v,  <0 . <0  . (4|  The  curve  appears  to  be  horizontal,  and  r,  - 0 . As 

the  wave  moves,  the  point  will  move  away  from  the  r*axis.  and  at  >0  . (5) The  point  is  moving  downward,  and 
will  increase  its  speed  as  the  wave  moves;  v <0.  ap  < 0 . ( 6)  The  particle  is  moving  upward,  but  the  curve  that 
represents  the  wave  appears  to  have  no  curvature,  so  v > 0 and  iit  - 0 . 

(cl  The  accelerations,  which  arc  related  to  the  curvatures,  will  not  change.  The  transverse  velocities  will  all  change 
sign. 

EVALUATE:  At  points  1 . 3.  and  5 the  graph  has  negative  curvature  and  a,  < 0 . At  points  2 and  4 the  graph  has 
positive  curvature  and  at  > 0 . 

IDENTITY:  The  time  it  takes  the  wave  to  travel  a given  distance  is  determined  by'  the  wave  speed  i.  A point  cci 
the  string  travels  a distance  4.4  in  time  T. 

Setup:  »•  = fA  . r = i//. 

Execute:  (u)  The  wave  travels  a horizontal  distance  J in  a time  / - — — - — - 0.333  x. 

v Af  1 0.60)  m 1(40.0  Hz  I 
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15.59. 


15.60. 


<b)  A pninl  on  the  siring  will  travel  a vertical  distance  of  4 A each  cycle.  Although  the  transverse  velocity  v.(.v./) 
is  not  constant,  a distance  ot*  h = 8.00  m corresponds  to  a whole  number  of  cycle*, 

n ^/i/(4.<>  = (800  mI/|4(S.<)0«  10  ' m>]  - 4M.  *o  the  amount  of  limr  isf  = nl"  nff  = (400)/(40.0  lb)  - 10.0  i. 
EVALUATE.:  (c)  The  time  in  |\irt  lai  rs  in&pcndent  of  amplitude  but  the  time  in  part  (b)  depends  on  the  amplitude 
of  the  wave.  !:c*  lb).  the  time  is  halved  if  the  amplitude  is  doubVxl. 
iDLMin:  y’(x,y)^*  r*(x,y)  - A * . The  trajectory  is  a circle  of  radius  A. 

SET  I'P:  v = tytei , v,  = dzfdl . a = dVf  tdt , at  = rV4  fSi 

Execute:  At  I = 0.  ><0.0)  = A . r<0.0>  - 0.  At  / = */2m.  >(0 %xj2to)  = 0,  r(0..r,'2ni)  - -A . 

At  / - xjco,  - -A,  r|0.^/fii)  - 0.  At  t - 3jt/2a>.  H0J^/2n»)  - 0.  r(0.3,T/2w)  - A . The  trajectory  and 

these  points  arc  sketched  in  Figure  15.59. 

<b)  v - cyjft  - ^/IntsinlLr  - tat),  v ~ fc/cl  - -Afoco&{kx  - a*\ . 


r - 1 . y>  v A - -M sin(  Lx -at)j- cos ikx  - at \k | . v - - Atv  so  the  speed  is  constant. 


r - \y  t zk  . r ■ v = > v,  r rv4  - J*Aisin(Ax  - a*)cos(Ly  - a*)  ~ ^‘oicos(Lr  - ex  | sinl  At  - ft*)  *0 . 
r • r - 0,  so  »•  is  tangent  to  the  circular  path. 

<c)  a - rh  /rV  - -^m  cos<Ax  - c*)%  a -t\  jet  - -A&*  smltv  - <uf) 


r • a - ya  + rtr  - -/(Wlcos^A* - <U>) ♦ sinJ<*.Y - <iv  » = . r-  Ast  a - -m  . 

r a - m cos  ^ so  ^ - 180°  and  a is  opposite  in  direction  to  f : a is  radially  inward.  For  these  v<.r.  />  andr(a,  /), 


y1  + r*  - A\  so  the  path  is  again  circular,  but  the  particle  rotates  in  the  opposite  sense  compared  to  part  (a). 
EVALUATE:  The  wave  propagalcs  in  the  -t.Y -direction.  The  displacement  is  transverse,  so  »•  and  a lie  in  theyr- 
plane. 


Figure  15.59 


IDLVIIEV:  The  wavelengths  of  the  standing  waves  on  the  wire  are  given  bv  a . When  th:  ball  is  changed 


the  waveVrngth  changes  because  the  length  of  the  wire  changes;  A l 

. ( 1 


SET  LtP:  For  the  third  harmonic,  ji  - 3 . For  copjvr.  Y - 1 1 x 10"  Pa  . The  wire  has  cross-sectional  area 
A - x/*5  - t(0.5  1 2 x 1 0 1 m)1  = 8.24x10  ? m* 

Execute:  (tt»  ^ 21  v.:!iml  o.soom 


< b>  The  increase  in  length  when  the  100.0  N bull  is  replaced  by  the  500.0  N ball  is  given  by  A/  - ' . where 

A 1 

Af*  - 400.0  X is  th:  in: reave  in  the  foeve  applied  to  th:  end  of  the  wire. 

A / ' N 1 " ' - 5.30 x 10  1 m . The  change  in  wavelength  is  A*  - L\l  - 3.5  mm 

18.24x10  m )(llxl0  Pa)  ^ * 

EVALUATE:  The  change  in  tension  changes  the  wave  speed  and  that  in  turn  changes  the  frequent  of  the  standing 
wave,  but  the  problem  asks  only  atxiut  the  wavelength. 
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15.61. 


15.62. 


15.63. 


IDENTIFY:  Follow  the  procedure  specified  in  put  (b). 

cu  Pa 

SET  UP:  If  u - x - M . tlxn  — - -v  and I . 

Pi  ex 

Execute:  (u)  As  time  goes  on.  someone  moving  with  tlx  wave  would  need  to  move  in  sixh  a way  that  tlx  wave 
appear*  to  have  tlx  same  shape.  If  this  motion  can  be  described  by  .r  - \i  +h.  with  h a constant,  then 
v(a.f)  - f(h).  and  the  waveform  is  the  same  to  such  an  observer. 


I W 


— - and  — - - vJ — so  \ixj)  - fix  - U)  is  a solution 

r?.v*  du  Pi 


the  wave  equation  with  wave  speed  v . 


(c>  This  is  of  the  form  ytr.O  »/(u),  with  u - x - iv  and  /(«)  = De  *'•  . The  result  of  part  (b)  may  be  used 
to  determine  the  speed  v - C/B . 

Evaluate:  The  wave  in  part  l e t moves  in  the  r.r-directicci.  The  speed  of  tlx  wave  is  independent  of  tlx 
constant  D. 

IDENTIFY:  The  phase  angle  determines  the  value  of  v for  x - 0 . / - 0 but  dacs  not  affect  the  shape  of  the 
y(.r.r)  versus  v or  t graph. 

SETUP: 

Pi 

Execute:  (u)  The  graphs  for  each  p are  sketched  in  Figure  15.62. 

<l»>  44-  - -ft>/fxin(*T  - tot  + 6) 
ci 

(c)  No.  t - *t/4  or  $$  - 3*/4  would  both  give  Aj yfl  . If  the  particle  is  known  to  he  mov  ing  downward,  tlx  result 
of  part  (b)  shows  that  cos  ^ < 0.  and  so  $ = 3^/4. 

(d)  To  identity  ^ uniquely,  the  quadrant  in  which  + lies  must  be  known.  In  physical  terms,  tlx  signs  of  both  the 
positicei  aixl  velocity,  and  the  magnitude  of  either,  arc  necessary  to  determine  d (within  additiv  e multiples  of  2x  |. 
Evaluate:  The  phase  **  - 0 corresponds  to  v = A at  x - 0 . I - 0 . 


Figure  15.62 

IDENTIFY  and  SET  UP:  Use  K:q1IS.I3)  to  replace  fj.  and  then  Eq.(IS.6)  to  replace  r. 
Execute:  (a)  Eq.( I5.25>: 

yjF.  fi  says  yffi  - >[F fv  so  Pst  tv^yfFtfA2  - ±FafA*i tv 


to*hrf  so  tofv  - 2 xfi »•  - hr /A  - k and  P^  -4  FktoA\  as  was  to  be  shown. 

<b)  IDENTIFY:  For  the  to  drpendenee.  use  Eq.(l5.25  l xirxe  it  involves  just  to,  not  A:  P^ 
SET  Up:  Pdt%  //.  A all  constant  so  JF to1  is  constant,  and 

Execute:  ^^(F^Fj  4 4 ‘ 4 

to  must  be  changed  by  a factor  of  1/^2  (decreased) 

IDENTIFY:  For  the  A dependence,  use  the  cquition  derived  in  part  (a).  P^  -±FKtoA'. 
SET  Up:  If  Pm  and  A arc  constant  then  Fkto  must  be  constant,  and  FA, a*  - F; kio:. 
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15.64. 


15.65. 


15.66. 


Execute:  -L 


2 


V must  K:  changed  by  a factor  of*  l/^/s  (decreased). 

EVALUATE:  Power  is  fhc  transverse  force  times  fix  transverse  velocity.  To  keep  Pat  constant  the  transverse 
velocity  must  be  decreased  when  F is  increased,  and  this  is  done  by  decreasing  <v. 

! DEMUX : Tlx  wave  moves  in  the  +x  direction  with  speed  v,  so  to  obtain  t^x.f)  replace  .r  with  x - vr  in  the 
expression  for  Wa\0)  . 

SET  UP:  Ptr,l)  is  given  by  llq.l  1 5.2 1 ). 

EXECUTE:  <u)  The  wave  pulse  is  sketched  in  Figure  1 5.64. 

(bl 

Cr-vt)  <-L 
-L<(x-\i)<  0 
0 <(*-»•/)<  L 
[x -\1)>L 


0 tor 

h{L  + x-\l)tL  for 
+ for 

0 for 

(c)  From  Eq.(  15.21): 


PCW)  = -F 


-F<0)(0)  = 0 for  (*-v/)<-£ 

Sy(x,l)B]i{x,i)  _]-F{hll}(-hvf I) ■ FiihlL)*  for  -i  <(*-.•/)< 0 
-F(-A  / L X A v/L)  = Ftihl  L)‘  for  0 < (»  - vt)  < L 
-F<0H0f-0  for  (t-U)>L 

f hut  the  instamancoiu  power  u zero  except  for  where  it  hat;  the  constant  value  Fv{hfL)‘. 

Evaluate:  For  this  pulse  the  transverse  velocity  i,  is  constant  xn  magnitude  and  has  opposite  sign  on  cither  side 
of  the  rxak  of  the  pulse. 


- X 


Figure  15.64 


DEVT1P\  and  S*:r  I’P:  Tlx  average  power  is  given  by  Fq.(  15.25).  Rewrite  this  expression  in  terms  of  r and  / 
11  place  of  F and  to. 

EXECUTE:  (u>  - iryffjF ay  a' 

►’  - yjFf/I  SO  *fF  -Vfjfl 

o-2xf  s2 ff(vfi) 

Jsang  these  two  expressions  to  replace  and  to  gives  Pm  - IpxW A* / fi  = (6.00*  10  * kg>'<8.00  m) 
t = (2£IL  1 = 7.07  cm 


< 1» > Evaluate:  - v so  doubling  v increases  Ptt  by  a factor  of  8. 

Pn  a 8(50.0  W)>  400.0  W 

lut.Min:  Draw  the  graphs  specified  in  port  la). 

SET  Up:  When  i’(  am)  is  a maximum,  the  slope  dyfdx  is  zero.  The  slope  lias  maximum  nugmtude  when 

><*,0  = 0. 

EXECUTE:  (u)  The  graph  is  sketched  in  Figure  15.66a 

<b|  The  power  is  a maximum  wlxrc  the  displacement  is  zero,  and  the  power  is  a minimum  of  zero  when  the 
magnitude  of  the  disphxcment  is  a maximum. 
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15.67. 


15.68. 


15.69. 


|cl  The  energy  flow  is  always  in  the  sarm  direction. 

(d)  In  this  case,  ^ - -feJsin(ftr ♦ aX) and  Eq.(l5.22)  becomes  - -Fka>Alm*{kx  + <w>.  The  pouter  is 


»\*N 


negative  (energy  flows  in  the  -.redirection  |,  but  the  qualitative  relations  of  port  (b|  are  unehinged.  The  graph  is 
sketched  in  Figure  1 5.66b. 

EVALUATE:  cos /7  and  sin#  are  ISO&  out  of  phase,  so  for  fixed/,  maximum  v corrcspccnis  to  zero/*  and 
y = 0 corresponds  to  maximum  P. 


Idem  in  and  S*:r  L*P:  v 
F/A 


?c  combined  with  / 


\LLt 


jFJp.  The  coefficient  of  linear  expansion  a is  defined  by  Af.  - L,a  AT.  This  can 
to  give  AF  - —YaAAT  for  the  change  in  tensxm  when  the  ten»eraturc  chances  by 


AT.  Combine  the  two  equations  and  solve  for  a. 

Execute:  i\  - N/7v//.  vf  - F>p  and  F - pvl 

The  length  and  hence  p stay  the  same  but  the  tension  decreases  by  AF  - -YaA  AT. 
v,  - ,/(/•’-.  ^ F - YaA  A Ty/, 

YaA  Ml  ft  - v'  - YaA  AT! ft 

And  p - m/L  so  Aip  - AL'm  - Vim  - 1 ip.  (A  is  the  cross -sectional  area  of  the  wire,  V\%  the  volume  of  a 

length  L.\  Thus  if  - vj  - a(Y  AFp)  and  a 

O'P)  AT 

EVALUATE:  When  T inrrcascs  the  tension  decreases  and  » decreases. 

IDENTIFY:  The  time  between  positions  1 and  5 is  equal  to  172.  i - f A . The  velocity  of  points  on  th:  string  is 
given  by  £<*<15.9). 

* 60s\ 


SET  UP:  four  flashes  occur  from  position  1 to  position  5.  so  the  elapsed  time  is 


- 0.04  K s . I he  figure 


5000  ; 

in  the  problem  shows  that  A - /.  - 0.500  m . At  point  P the  amplitude  of  the  standing  w ave  is  1 .5  cm. 

Execute:  (u)  772  - 0.048  s and  T - 0.096  X . / a VT  = 10.4  lb  . A - 0.500  m . 

(I>)  The  fundamental  standing  wave  has  nixies  at  each  end  and  no  nodes  in  between.  This  standing  wave  has  one 
additional  node.  This  is  th:  lu  overtone  and  2d  harmomc. 

(c>  v=  fA  - (10.4  HzXO.500  mi  - 5.20  in'i . 

(cl f In  position  I.  point  P is  at  its  maximum  displacement  and  its  speed  is  zero.  In  positicei  3.  point  P is  pasung 
through  its  equilibrium  position  and  its  speed  is  - toA  -lx /A-  2.r<10.4  I l/h.0.01 5 m>  - 0.9S0  m'i . 

FL  iT  .0ONX0.5O0  ml 

"T"" 


18.5 


fj  \ m v (5.20  m %y 

EVALUATE:  The  Standing  wave  is  produced  by  traveling  waves  moving  in  opposite  directions.  Each  point  on  the 
string  moves  in  SUM.  and  th:  amplitude  of  this  motxin  varies  with  poution  along  the  string. 

Ideviih  and  SET  UP:  Tlvrc  is  a node  at  the  post  and  there  must  be  a nixie  at  the  clothespin.  There  could  he 
additional  nodes  in  between.  Th:  distance  between  adjacent  miles  is  At  2,  so  th:  distance  between  any  two  nodes 
is  n(A/2)  for  n - 1.  2.  3,...  This  mus*  equal  45.0  cm.  since  there  are  nodes  at  the  post  and  clothespin.  Use  this  in 
Eq.<  15.  1)  to  gel  an  expression  for  the  possible  frequencies/. 

Execute:  45.0cm-/jU/2X  *«*//,  so /«a4v/(90.0 cm))  = (0.800 llz>i.  **1,2,3,... 

Evaluate:  Higher  frequencies  have  smaller  wavelengths,  so  more  node -to  node  segnxnts  fit  between  tlie  post 
and  clothespin. 
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15.70. 


15.71. 


15.72. 


15.73. 


IDI.N  ITIY:  The  displacement  of  the  string  at  am*  point  is  y<x./)  - {A%t%  sinAY)sinft*.  For  the  fundamental  mode 
?»  - 2L . so  at  the  midpoint  of  the  string  sin  Ay  - sai)(2r/£)(i./2)  “ an^  .v  “ *'^v  The  transverse  velocity  is 

v,  - cyft  t and  the  transverse  acceleration  is  a , - rVt  f&t . 

SET  L’P:  Taking  derivatives  gives  \\  - — - ai^v  cos  a* . with  maximum  value  \\  - fti^,,  , and 

a,  - sin /’A* . with  maximum  value  a%  m - co’A^^  . 

EXECUTE:  ai  = o ^ - <8.40*10*  m/sl)/<3.80  ra/s)  = 2.21xl0*  rad/s  , and  then 

iv  *v/(-/«=(3.S0  m/s)/(2.2lx  10*  nd/s) « 1.72x10"*  m. 

(b)  v = ^/  = I'2/.K«/2t>  - - (0.386  m)(2.2 1x10*  rad/s)/*  - 272  m/s. 

EVALUATE:  The  maximum  transverse  velocity  and  acceleration  will  have  different  t smaller)  values  at  other 
points  on  the  string. 

IDENTIFY:  To  show  this  relationship  is  valid,  take  the  second  time  derivative. 


S»:r  Li*: 


-cos 


— COS  A*  - -Alston*  . 

dt 


Execute:  (u)  ‘ V * * — sinArJjinArl =*;—((  sinAr)coxA*rj 
dr  at  a 


— 1 - — ai’  [M^  sm Ai)sin/A*J  - -n>\v(.v./) . This  equation  shows  that  a - -ai*  r . This  is  characteristic  of 
simple  hirmonic  motion;  each  particle  of  the  siring  moves  in  simple  harmony  motion. 

(to)  Yes*  th:  traveling  wave  is  also  a solution  of  this  cquatxm.  When  a string  carries  a trav  eling  wave  each  point  on 
the  stnng  moves  in  simple  hannonie  motion. 

Evaluate:  A standing  wave  is  the  superpositxm  of  two  traveling  waves,  so  it  is  not  surprising  that  for  hath 
types  of  waves  the  particles  on  the  stnng  move  in  SUM. 

IDENTIFY  and  SET  UP:  Carry  out  th:  analysis  specified  in  the  problem. 

Execute:  (u)  The  wave  moving  to  th:  left  is  inverted  and  reflected:  the  rellection  means  that  th:  wave  moving 
to  the  left  is  the  same  function  of  -a*,  and  the  inversion  means  that  the  function  is  -/(-*). 

(b)  The  wave  that  is  the  sum  is  f (x)  - / (-x)  (an  inherently  odd  function),  anJ  fee  any  /*,/( 0)  - /(-€)  - 0. 

|c)  Tlie  wave  is  reflected  hut  reit  inverted  { see  the  discussion  in  part  (a  t above),  so  the  wave  nxiving  to  the  left  in 
figure  15.21  in  the  textbook  is  *■  /<-x). 


dx  dx 


dfjx)  dfi-x)  dfix)  df 

c dx 


dx  dx  dt  </(-x)  dx 
At  .y  - 0 . the  terms  are  the  simc  and  the  derivative  is  zero. 

Evaluate:  Our  results  verify  the  behavior  shown  in  Figures  15.20  and  1 5.2 1 in  the  textbook. 

IDEYTTFY:  Carry  out  the  derivation  as  done  in  the  text  for  Eq.|T5.2&).  The  transverse  velocity  is  Vf  - dyfdi  and 
the  transverse  acceleration  is  a —dv  >ci. 

p > 

(a)  SET  Up:  for  reflection  from  a free  end  of  a siring  the  reflated  wave  is  not  inverted,  so 

>1x.  o = >*,<*•  !)+)'*{**  0.  where 

>*,<x.  /)  - Aooxfkx  -f  ft*)  (traveling  to  the  left) 

>\<x.  !)  - .1  cost  Ay  - ft* > | traveling  to  the  right) 

Thus  y(x.  /)  - ,4[cctti  At  ♦-  oX)  + cost  Ay  - eat)]. 

EXECUTE:  Apply  the  trig  identity  cosfo  zb)-  cosacos/??  sin<jsxn/>  with  a - kx  and  b - 1&\ 
cost  Ay  + eat)  - cos  Ai  cos  cot  - sin  Ay  sin  ft*  and 
cost  Ay  - ft*)  - cos  Ay  cos  tot  ♦ sin  Avsinotf. 

Then  y{x9  /)  = <2>4cosAv)ccKft*  (the  other  two  terms  cancel) 

(b)  for  x - 0.  cosAy  - I and  i(x.  f)  = 2/1  cos  A*.  The  amplitude  of  the  simpV:  harmonic  motion  at  x - 0 is  2T. 
winch  is  the  maximum  for  this  standing  wave,  so  x - 0 is  an  antmode. 

(c)  y ^ - 2 A from  part  <b). 

(S'  (?  I COS  rtY 

v.  - — — |(2.'tcosAY|cosft*]  - 2 /T  cos  Ax — - -2.TfticosAvsin  a*. 

t’r  <f  <t 
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15.75. 


15.76. 


15.77. 


At  y-0.  vf  a-lArasiiusX  and  (vj.^  -2 Am 

a - - -2>4<ucosfa  L'"'  ' * - -2 Am3  cos  tacos  a* 

' t v ci  <y 

At  y-0.  at  =-2Am: catMt  and  (a,)^  - 2 Am1. 

Evaluate:  The  expression*  for  (y;L.  and  ( a p )tmt  are  the  sanx  w at  the  antinodes  for  the  standing  wave  at*  a 
tiring  fixtxl  at  both  ends. 

iDKMin : The  standing  wave  is  given  by  Eq.(  1 5.28). 

SET  UP:  At  an  antmcdc.  sinta  - I . vf  ^ -toA  . at  Km  -to'  A . 

Execute:  (u)  A = *//  = <192.0  n^/i)/(240.0  II*)  - 0.800  m , and  the  wave  airplitudc  is  A,u  - 0.400  cm.  The 
amplitude  of  the  motion  at  the  given  paints  is 

(it  <0.400  cm)sin  (*)  - 0 (a  nixie)  (ii)  <0.400  cm)  %in{ zf2)  - 0.400  cm  (an  antioodc) 

(iii)  <0.400  cm)  xin(  */4)  - 0.2K3  cm 

(b)  The  time  is  half  of  the  period.  arl/(2/)-  2.08  x 10  i 

(c)  In  each  ease,  the  maximum  velocity  is  the  amplitude  multiplied  by  to  - 2xf  and  the  maximum  acceleration  is 
the  amplitude  multiplied  by  to  - 4.e’/3 : 

(i>0.  0:  (11)6.03  m/s,  9.10x10'  m/s3;  (iii)  4.27  m/s,  6.43  xlO*  m/s3  . 

EVALUATE:  The  amplitude,  maximum  transverse  velocity,  and  maximum  transverse  acceleration  vary  along  the 
length  of  the  string.  But  the  period  of  the  simple  harmonic  motion  of  pin  teles  of  the  siring  is  the  sanx  at  all  points 
on  the  string. 

IDENTITY:  The  standing  wave  frcqixncics  arc  given  by  fA  - r?|  — | . v — y}F.;  p . Use  the  density  of  steel  to 
calculitc  //  for  tlx  wire. 

SET  UP:  For  steel,  p - 7.8  x 10*  kg  m‘ . For  the  first  overtone  standing  wave,  n - 2 . 

Execute:  v ~ zLLl  - <0.550  mM3 1 1 ll/>  - 171  m s . The  volume  of  the  wire  is  V - {zr‘)L  . m - pV  so 

p - y - - pxr'  - (7.8x  10;  kg/m*)«(0.$7x  10  m)3  - 7.96x  |0  1 kg'm.  The  tension  is 

F = pf  =(7.96x  10  3 kg  mM171  m/s)3  = 233  X . 

Evaluate:  The  tension  is  not  large  enough  to  cause  nuxh  change  in  length  of  the  wire. 

IDENTITY  : The  mass  and  breaking  stress  determine  the  Icnuth  and  radius  of  the  siring.  - — . with  v - i—  . 

2L  \)p 

Set  Up:  Tlx  tensile  stress  is  F . 

EXECUTE:  (u)  The  breaking  stress  is  - 7.0x  |C t N/m:  and  the  maximum  tension  is  F - 900  N.  so  solving 

for  r gives  the  minimum  radius  r - 

p — ill—  so  the  minimum  radius  gives  the  maximum  length 
ssr  L 

. M 4.0x10  kg  _ . _ 

xr  p *<6.4  x 10  4 mf  (7800  ku.’m1) 


- 6.4  x 10  4 m . The  mass  and  density  arc  fixed. 

*<7.0x10*  N/m3) 


(b)  Tlx  fundanxntal  frequency  is  / - -*}j- - ^7 y l/;  7 “ Tyt 7F  ' /^svum'nS  niaximum  length  of  the 

stnng  is  free  to  vibrate,  the  highest  fundamental  frequency  occurs  when  F - 900  N and 

/,=i  f 900 N a 376 Hz . 

* ^|<4.0x|0  kg)<0.40  m) 

EVALUATE:  If  the  radius  was  any  smaller  the  breaking  stress  vvoukl  be  exceeded.  If  the  radius  were  greater,  so 
the  stress  was  less  thin  the  maximum  value,  then  the  length  would  be  less  to  achieve  the  same  total  mass 
Identity  : At  a node.  v< xj ) - 0 for  all  /.  y,  ♦ ys  is  a standing  wave  if  the  locntxms  of  tlx  nodes  don’t  depend  an  f. 
SET  UP:  The  string  r*  fixed  at  each  end  so  tor  all  harmonics  the  ends  are  nodes.  Tlx  second  harmonic  is  the  first 
overtone  and  has  one  additional  node. 
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Execute:  (u)  The  fundanxnlal  has  nodes  only  at  the  ends,  r - 0 and  x = L. 

<b>  For  the  second  harmonic,  the  wavelength  is  the  length  of  tlie  string,  and  the  nodes  arc  at 
x a Q,x  - L/2  and  x -L. 

(c)  The  graphs  an:  sketched  in  Figure  1 5.77. 

<d)  Tlie  graphs  in  part  (c'l  show  that  tfo:  (orations  of  the  nodes  arxi  antinodes  between  the  ends  vary  in  time. 
Evaluate:  The  sum  of  two  Standing  waves  of  different  frequenries  is  not  a standing  wave. 


Figure  15.77 
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15.78. 


15.79. 


15.80. 


IDENTIFY:  /,  - — — The  buoyancy  force  B that  the  water  exerts  on  the  object  reduce*  the  tension  in  the  wire. 

SKI  UP:  Tor  aluminum.  ps  - 2700  kg  m1 . Tor  water,  pm  - 1000  kgm' . Since  the  sculpture  is  completely 
subnxrgcd.  V . . -V\  . = V 


EXECUTE:  L u constant,  so  li-  _ and  tlie  fundamental  frequency  when  the  sculpture  is  submerged  is 
f \ - fj  Ll.  | . with  fm  - 250.0  11/  . I - so  ll.  - |^l  . When  the  sculpture  is  in  air.  F^  - w - mg  - pVg  . 


When  the  sculpture  is  submerged  in  water.  F - v\  - B -ip  -p  )Vg . — - — — and 

v M p 


11/  . 


/.  =(25o.o  i^p- 

'*  ' ’700  kg  m' 

Evaluate:  Wc  have  neglected  tlx  buoyant  force  on  the  wire  itself. 

Identify:  Compute  the  wavelength  from  tlx  length  of  the  string,  l.'se  Iiq.(l5.1)  to  calculate  tlx  wave  speed  and 
then  apply  Lq.l  15.13)  to  relate  this  to  the  tension 

(a)  SET  Ur:  The  tension  /•*  is  related  to  the  wave  speed  by  v - ^F ! p <Tq.(  15. 13)1.  so  use  the  informatxm  given 

to  calculate  v. 


Execute:  A/2-L 
A ^ 2L  ^210.600  ml  = 1.20  m 


ftadmciKal 
Figure  15.79 

v-  /A -itS A II/)  1 20  m)-  78.5  m s 

p - m/L- 14.4 » 10  1 kg 0.600  m -0.024  kgm 

Then  F - fn-!  = (0.024  kg'mK’8.5  m'i>;  = I4S  N. 

(b(  SET  Up:  F - u>'  and  v - /A  give  F - 

p is  a properly  of  the  string  so  is  constant. 

A.  is  dder  mined  by  the  length  of  the  siring  so  stays  constant. 

u.  A constant  implies  Ff  f1  - uA1  - constant,  so  FJf?  -FJf? 


Execute: 


K-f,  186  N - 1 
fix  percent  change  in  F is 


148  N 


a 26 -26%. 


Evaluate:  The  wave  speed  and  tension  we  calculated  are  similar  in  magnitude  to  values  in  the  Examples.  Siixe 
the  frequency  is  proportional  to  <JF.  a 26%.  increase  in  tension  is  required  to  produce  a 13%  increase  in  the 
frequency. 

Idf.viift  and  S*:r  L’P:  Consider  the  derivation  of  the  speed  of  a longitudinal  wave  in  Secticei  15.4. 

EXECUTE:  (u)  The  quantity  of  interest  is  the  change  in  face  per  fractional  length  chinge.  The  force  constant  A ’ 
is  the  change  in  force  per  length  chinge.  so  tlx  force  change  per  fractional  length  change  is  k L.  the  applied  force 
it  one  end  is  F - (A'L)(v,/v)  and  the  longitudinal  impulse  when  this  force  is  applied  fora  tinx  / is  FUvJv.  Tlx 
change  in  longitudinal  momentum  is  L)v f and  equating  the  expressions,  canceling  a factor  of  / and  solving 

for  i*  gives  v*  - Is  K'jm. 

(b)  vs (2.00 m)J(l.S0  N/m)/(0.250 kg)  = 4.90  m/s 

EVALUATE:  A larger  A*  corresponds  to  a stiller  spring  and  for  a stiller  spring  the  ware  sp>^l  is  greater. 
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15.81. 


15.82. 


IDENTIFY : Carry  out  the  analysis  specified  in  the  probVrm. 

SET  UP:  The  kinetic  energy  ot*a  very  shext  scgnxnt  Av  is  AAf  - 4(Aui|v* . \\  - dyitt . The  work  done  by  the 
tension  is  F times  the  increase  in  length  of  the  segment.  Lei  the  potential  energy  he  zero  when  the  segment  is 
unxtrctchcd. 


„ 4 , AA'  (l/2)Ajir»;  1 

Execute:  — — 


\ 


-■HU 


(h|  - to  A sin<Ax - <vf ) and  so  ui  ptv’A’  %in(kx—cti\ 

|c>  The  piece  has  width  Av  and  height  Ar~,  and  so  the  lenuth  of  the  piece  is 

at 

a»  At  1 -t— ( ( J . where  the  relation  given  in  the  hint  lias  been  used. 

|e)  -kA  sinf&Y-rurh  and  so  uf  -*L/X:/T  sm*(Ax— «r) . 

|f ) Comparison  with  the  result  of  part  (c)  with  k ' - m*  jv‘  - to1  pfF  shows  that  for  a sinusoidal  wave  uk  -ut- 

(g)  The  graph  is  given  in  Figure  15.81 . In  this  graph.  iit  and  w,.  coincide,  as  shown  in  part  (f) . At  v - 0.  the  stnng 
is  stretched  th:  most,  and  is  moving  the  fastest,  so  ukand  up  arc  maximized.  At  the  extremes  ofy.  the  string  is 
unstretchcd  and  is  not  moving,  so  uk  and  arc  both  at  their  minimum  of  zero. 

(h)  i /k  + u - Fk*A* sinJ(Xr  - ttM)  - ft(»/t)/Tsin*(J:Y  - <ur ) - L. 

Evaluate:  The  energy  density  travels  with  the  wave,  and  the  rate  at  which  the  energy  is  transported  ts  the 
product  of  the  densitv  per  unit  length  and  the  speed. 


Figure  I5JU 

IDENTIFY:  Apply  £/’.  - 0 to  segments  of  the  cable.  Th:  forces  are  the  weight  of  the  diver,  the  weigh*  of  the 
segment  of  the  cable,  th:  tension  in  the  cable  and  the  buoyant  force  on  the  segment  of  th:  cable  and  on  the  diver. 
SET  UP:  The  buoyant  force  on  an  object  of  voluirc  Tthat  is  completely  submerged  in  water  is  B - p^J'g  ■ 
Execute:  (u>  The  tension  is  the  difference  between  the  diver’s  weight  and  the  buoyant  force. 

F -<ni-/i.^l'>^  = (l20kg-«1000  kg/m'KO.OSOO  m‘((9.S0  m/*J>»  = 392  N. 

(h|  The  increase  in  tension  will  be  the  weight  of  the  cable  between  the  diver  and  th:  point  at  a*,  minus  the  buoyant 
force.  This  increase  in  tension  is  then 

{fi/x-p{Ax))g=<\.\0  kg/m -(1000  kg/m'wl.OOx  10  : m)J)(9.80  m/**)**<7.70  N/m>.t . The  tension  w a 
function  of.v  is  then  /’(a)-  (392  N>*<7.70  N/m).Y. 
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15.85. 


15.84. 


(c)  Denote  the  tension  as  /*(*)- L\  +<tx%  where  F„  - 392  N ami  a - 7.70  NVm.  Then  tl>r  speed  of  transverse 
waves  as  a function  of  x is  » - 4c-  - + ax)  fjc  and  the  time  / needed  for  a wave  to  reach  tlx  surface  is  found 


roit* 


— 4,^  .a. 

3 3 dxjdt  J 


Let  the  length  of  the 


cubic  be  L.  *i  i - fifi  )f J*  ^ . 


I _ 2Vl^°^-inl-<^92  N-.  17.70  N.’mKIOOm ) - y/SKS) ^ 3 9S  i 

Evaluate:  If  the  weight  of  the  cable  and  the  buoyant  force  on  the  cable  arc  neglected,  then  tlx  tension  wwuld 
have  the  constant  value  calculated  in  part  <aV  Tlxn  i - |£-  - * . * N - 1S.9  nvs  and  i -L-  5.92  s . The 

\u  y 1.10  kg ‘m  v 

weight  of  the  cable  increases  the  tension  along  the  cable  and  the  time  is  reduced  from  this  value. 

IDENTIFY:  Tlx  tension  in  the  rope  will  vary  with  rrdius  r. 

SET  L’P:  The  tension  at  a distance  r from  the  center  must  supply  the  fcccc  to  keep  the  mass  of  the  rope  that  is 
further  out  than  r accelerating  inward.  The  mass  of  tlus  piece  in  tn  ■i  — •'  . and  its  center  of  miss  moves  in  a circle  of 


radius 


Ltr 


EXECUTE:  /(/  )-( m- 


L-r 


L + r\ 


hm 


f I l 2 J 21 

{')  FL  «> 


I /.*  - r*  X The  speed  of  propagation  as  a function  of  distance  is 


v< r) j I i — pr^/.  - r“ . where  i>0  has  been  chosen  for  a wave  traveling  from  tlx  center  to 

dt  V M ' >'2 


tlx  edge.  Separating  variables  and  integrating,  the  time  / is 

Tlx  integral  may  he  found  in  a table,  or  in  Appendix  B.  The  integral  is  dime  explicitly  by  lettmg 

r - L »n  0.  dr  - Least)  dt).  >Jl:  -r*  - Least),  so  that  | 0 - arc  sin— . and  t ~ — arcsinf  1 1 - — 1— . 

* jL-r1  L co  W2 

EVALUATE:  An  equivalent  method  fix  obtaining  T{r)  is  to  consider  the  net  force  on  a piece  of  the  rope  with 
length  dr  and  miss  dm  - drmjL.  The  tension  must  vary  in  such  a way  that 

T(r)  - T(r  -*  dr)  - -trfrdm.  ea  — = -imeo1  / L)rdr.  This  is  integrated  to  obtained  T(r)  - -(mco^ZDr1  -f  C,  where 

dr 

C is  a constant  of  integration.  Tbc  tension  must  vanish  at  r - L.  from  which  C - {mco’Ljl)  and  the  previous  result 
is  obtained. 

IDEX nn : Carry  out  the  calculation  specified  in  part  (at. 
ccsi»iiu«. 

cx  a 

EXECUTE:  The  instantaneous  power  is 


SET  Up:  - M.*.  cos Ltsin  col.  - -coA^u  sin LteascX  . sin 0cos0  - isin  20 . 


P - FAgm  ark  I sin  kx  cos  tv  K 'in  eat  cos  a*  ) - — FA^  wn(  2£r  l sinl  lea  ). 


(b)  Tlx  average  value  of  P is  proportional  to  the  avenge  value  of  utu2<ur.k  and  the  average  of  the  sitx  function  is 
zero;  /r.  - 0. 

(c)  Tlx  graphs  are  given  in  figure  15.84  The  waveform  is  the  solxl  litx.  and  the  power  is  the  dasixd  line.  At  tinx 
t - 0 . y - 0 and  P - 0 and  the  graphs  coincide. 

<«1  > When  the  standing  wave  is  at  its  maximum  displacement  at  all  paints,  all  of  the  energy  is  potential,  and  is 
concentrated  at  tlx  places  where  the  slope  is  steepest  (the  nodes).  When  the  standing  wave  has  zero  displacement, 
all  of  the  energy  is  kinetic,  concentrated  where  the  particles  are  moving  the  fastest  (the  antimufes  l.  Thus,  the 
energy  must  he  transferred  from  the  nudes  to  the  antimxles.  and  hack  again,  twice  in  each  cyvlc.  Note  that  |/*|  is 
greatest  midway  between  adjacent  nodes  and  antinodes,  and  that  P vanishes  at  the  nodes  and  antimides. 
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EVALUATE:  There  is  energy  flow  back  and  forth  between  the  nixies,  but  there  » no  net  flow  of  energy  along  the 
string. 

r - n 1 .r 


iDiAllFY : For  a string,  /.  - . 

SET  UP:  For  the  fundamental.  n - 1 Solving  for  F gives  F = ail}/1  . Note  that  //  - xr'p  . so 


p-.r(0.203xl0  1 m):(7800  k$m*>  = 1.01x10  * k$m. 

EXECUTE:  (u>  F = (1.01xl0  1 kgm)4(0.63S  my (247.0  II/)*  -99.4  N 


(bl  To  find  the  fractional  change  in  the  frequenev  we  must  take  the  ratio  of  A I'  to  f : f - — I — and 

2L\a 


2l.Jp  ll.Jp  ' ' 2/.J//2JF 


1 I A/* 

Af  2 l.Ju  ^~Jf  I AF 

Now  divide  both  sides  bv  the  original  equation  for  / and  cancel  terms: — — ■ 

^ H t I IF  2 F 


(cl  The  coetTicient  of  thermal  expansion  a is  defined  by  Af  - t,/iAT . Combining  this  with  Y - - - gives 

A/'7, 

AF  - - YaAAT  . AF  = -(2. 00x10*  Pa)(l.20xl0  ^(.riO^ttx  10  * mftl  1*C>- 34  N . Then  AF7F-0.034. 


Afff  - -0.017  and  A/  - -4.2  Hz  . 7!>c  pitch  falls.  This  also  explains  the  constant  tuning  in  the  siring  sections  of 
symphonic  orchestras. 

Evaluate:  An  increase  in  ten^icraturc  causes  a decrease  in  tension  of  the  string,  and  this  lowers  the  frequency 
of  each  standing  wave. 
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16.1.  IDENTIFY  and  SET  UP:  I:q.(  15.1 » gives  the  wavelength  in  terms  of  the  frcquctxy.  Use  Eq.(16.5)  to  relate  the 
pressure  and  displacement  amplitudes. 

EXECUTE:  (u>  ^-»//  = (344  mrs>'1000  Hz  = 0J44  m 
<I>1  ^ 31111  ^ K ccmstant  gives 

A..Al'£z=L'  - 1.2x10  1 1-1- 1-1.2x10  ' m 

• U.O.IOPaJ 


(c>  />  - flfc*  - laBA/X 


n A.  - 2xBA  - constant  so  p - pima*A%  and 


(0.344 


3.0x10  ' Pa 
1.5-10  Pa 


/ = v/X  * (344  m s>6.9  m - 50  11/ 

EVALUATE:  The  pressure  amplitude  and  displacement  amplitude  are  directly  proportional.  For  the  some 
displarement  amplitude,  the  pressure  amplitude  decreases  when  the  frequency  decreases  and  th:  wavelength 


increases. 

16.2.  IDENTIFY:  Apply  ptmM  - BL4  and  solve  (wA. 

SET  L’P:  a*  - and  v = /A.  so  A - —L and  p - 

A.  »•  »• 

Execute:  aM.  <>  °*10  ’ fa><1480  m'‘>  - MUIO'"  n 
2*Bf  2x<2.2x  10  Pa)  (1000  Hz) 

EVALUATE:  Both  »•  and  8 are  larger,  but  B is  larger  by  a much  greater  factor,  so  v!B  rs  a lot  smaller  and 
therefore  A is  a lot  smaller. 

16.3.  IDENTIFY:  Use  Eq.t  16.5)  to  relate  the  pressure  and  displacement  amplitudes. 

SET  UP:  As  stated  in  Example  16.1  the  adiabatic  hulk  modulus  for  air  is  At  - 1.42*  10*  Pa  Use  Eiq.f  15.1  > to 
calcuhtc  A from /,  and  then  A - 2 t/>U 
Execute:  (u>  / = !50Hz 

Need  lo  calculate  A:  A - vf  f and  A - 2xfA  so  A =2ff//v- <2;r  radM  150  11/ 1 344  m s - 2.74  rad  m.  Thm 
p^-BkA -(1.42x10'  PaK2.74  radmilO.O’OOxlO  'm)^7.7S  Pa.  Thi*  it  below  the  pain  threshold  of30  Pa. 

< l> > /is  larger  by  a factor  of  10  so  A - 2 xf  tv  is  larger  by  a factor  of  10.  and  p ^ - BkA  is  larger  by  a factor  of 
10  />**  - Pa.  above  the  piin  threshold 

(c)  There  is  again  an  increase  in/.  A.  and  p^  of  a factor  of  10.  so  />i-t  - 778  Pa.  far  above  the  pain  threshold. 
EVALUATE:  When  /increases.  A decreases  so  A inrreuset  and  the  pressure  amplitude  increases. 

16.4.  Identify:  Apply  *BkA  A =1-1-1-—!-.  so  ptmt  - *' 1 

A v v 


SETUP:  i- 344  ms 


Execute:  f - 


(344  m s It  10.0  Pa> 


3.86x10'  Hz 


2xBA  2.r(l 42x10  Pa<  1.00x10  m) 

Evaluate:  Audible  frequencies  range  from  about  20  1 1/  to  about  20.000  1 1/.  so  this  frequency  « audible. 
16.5.  IDENTIFY : v - (A.  Apply  i:q(16.7)  for  the  waves  in  the  liquid  and  I!q.|  16.H>  for  the  waves  in  the  metal  bur 

SET  UP:  In  part  <b)  the  wave  speed  is  v - — - — " n1..  .. 

^ / 190x10  4 s 
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16.6. 


16.7. 


16.8. 


16.9. 


EXECUTE:  (u) Using  Eq.(l 6.7),  0 -*"/>&()/)*  p.  so  B -[(8  mK4(0 1 !/)]*(  130)  kg/m1)- 1.33x10”  Pa. 

|b) Using  Eq.(  16.8k  Y = v*p -{Lfi)lp  =[{130  m)/(3.90x  10 4 s)]‘(6400  kg/m1)  = 9.47x10”  Pa. 

EVALUATE:  In  the  liquid.  v - 32fX>  m's  and  m the  metal,  i - 3850  fit's.  Both  these  speeds  are  much  greater  than 
the  speed  of  sixind  in  air. 

Identify : v-d •'/.  Apply  Eq.(  16.7)  to  calculate  B. 

Ski  L’P:  /»  = 3Jxl0‘ 

EXECUTE:  (u)  The  time  for  the  wave  to  travel  to  Caracas  was  9 min  39  s - 579  s and  the  speed  was 
l.OSx  10*  in  s.  Similarly,  the  time  for  the  wave  to  travel  to  Kevo  was  680  s for  a speed  of  1.28x  10*  in  s.  and  the 
time  to  travel  to  V>cnna  was  767  s for  a speed  of  1.26x  I04  nVs.  The  average  for  these  three  nxasurements  :s 
1.2 lx  10*  m's.  Du:  to  varutions  in  density,  or  reflections  fa  subject  addressed  in  later  cluqitcns).  not  all  waves 
travel  in  straight  Imcs  with  constant  speeds. 

(b)  From  Elq.l  16.7k  B - v1p,  and  uung  the  given  value  of  p - 3.3  x 10‘  kg  m and  the  speeds  found  m part  (a), 
the  values  for  the  bulk  modulus  are.  respectively.  3.9x10"  Pa.  5.4x|0“  Pa  and  5.2x10'  Pa 
Evaluate:  These  are  larger,  by  a factor  of  2 or  3.  than  the  largest  values  in  Table  11.1. 

IDENTIFY:  d - »*/  fee  tl>r  sound  waxes  in  air  an  in  water. 

SET  UP:  Use  - 14S2  m's  at  2<TC,  as  given  in  Table  16.1.  In  air.  v = 344  m's. 

Execute:  Since  along  the  path  to  the  diver  tb;  sound  travels  1.2  m in  air.  the  sound  wave  travels  in  water  for  the 
sanx  lime  as  the  wave  travels  a distance  22.0  m - 1 .20  m - 20.8  m in  arr.  The  depth  of  the  diver  is 

(20.8  m»-^-  - (20.8  m)J.  M * - 89.6  m.  This  is  th:  depth  of  the  diver,  the  distance  from  the  horn  is  90.8  m. 

v 344  m's 


22.0  m 

Evaluate:  The  time  it  takes  the  sound  to  travel  from  the  horn  to  the  person  on  shore  is  / - 0.0640  s. 


344  m s 


Tlte  time  it  takes  the  sound  to  travel  from  the  horn  to  the  diver  is 
1.2  m 89.6  m 


. = 


- 0.0035  s -t  0.0605  s = 0.0640  s.  1 here  times  arc  indeed  the  same.  For  three  figure 


- 344  m s 14S2  m's 

iccurary  the  distance  of  the  horn  above  tb:  water  can't  be  neglected. 

IDENTIFY : Apply  Eq.<  16.  lo  t to  each  gas. 

SET  UP:  In  each  ease,  express  M in  units  of  kg'  mol.  For  IF.  r - 1 .4 1 . For  I le  and  Ar.  y - 1 .67. 


111.41 )( 8.3 1 45  J/nol  K il  300. 15  K I 

JI.t7HO.45  l/^,IK)(3^i?Kra 

(4.00x10"’  kg/mol  | ‘ 


_ KK30.-ISK)  = ?3J 

V (39.9x10  kg/molj  ' 

(<lt  Repeating  the  calculation  of  Example  16.5  at  T - 3C0. 15  K gives  v„  - 348 m/s.  and  so 
vMj  -3.801^.1^-2.941^  and  v*  = 0.928 
Evaluate:  v is  larger  fee  gases  with  smaller  M. 

IDENTIFY : v»fX.  The  relation  of  v to  gAs  temperature  is  given  by  v - 

Silt  UP:  Let  T - 22.0°C  - 295.15  K 


Execute:  Al  22XfC.  — ^ m * 0260  m ^ 26.0  cm.  .U  — = 1 -L^l  ZZ.  which  is 

/ r\  M 7 r 


I 1230  1b 


constant,  so 


S 1 A°C . 


EVALUATE:  Wlicn  T irxrcascs  v increases  and  (sir  fixed /.  X increases  Note  that  we  did  not  need  to  know  either 
y or  M for  the  uas. 
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16.10. 


16.11. 


16.12. 


16.13. 


16.14. 


I DEN  11PY : v - .1^-  ■ - Take  Ihc  derivative  of  v with  respect  to  T.  In  part  <b)  replace  dv  by  A\  and  dT  bv  AT  in 

rtf 

the  expression  derived  in  part  (a). 


si:r  Up: 


i -i.’j 


i\ 


In  Eq.(l6. 10).  T must  be  in  kclvires.  20*C^293  K.  AT  - 1 C°  = 1 K 


_ , , dv  I vRJT  ' \yR  , j 1 \yRT  v . . dv  \dT  _ , . _ 

Execute:  (a) J A T * - — . Rearranging  gives . the  desired 

dT  Va / V.w  2r\  a/  2r  6 **  * 2 r 

result. 

Ay  1 AT  4 v AT  f344mfcV  IK  \ 

(b) . Av -0.59  ms. 

v 2 T 2 T \ 2 A 293  K 

AT  Av  . 

EVALUATE:  Since  — - — 3.4x10  and  — is  on:  - half  this,  replacing  JTby  AT  and  dv  by  Av  is  accurate.  Using 

the  result  from  part  (a)  is  much  simpler  than  calculating  v for  20'C  and  for  21’C  and  subtracting,  aixl  is  not 
subject  to  round  off  errors. 

iDKMItY  and  SET  UP:  Use  t - distance  speed.  Calculate  the  time  it  takes  each  sound  wave  to  travel  th: 

L - 80.0  m length  of  the  pipe.  Use  Eq.(  16.S)  to  calculate  the  speed  of  sound  in  the  brass  rod. 

Execute:  wave  in  air  / - 80.0  m 1 344  m s)  - 0.2326  s 


wave  in  the  metal:  v-  \L  _ I90*10*'  Pa  - 3235  m s 


*600  kc'm 


f - 


- 0.0247  s 


3235  m s 

The  time  interval  between  the  two  sounds  is  Ai  - 0.2326  s - 0.0247  s - 0.208  s 

Evaluate:  The  restoring  forces  that  propagate  the  sound  waves  arc  much  greater  in  solid  brass  than  in  air.  so  v 
is  much  larger  in  brass. 

Idem  IF V : Repeat  the  calculatxm  of  Example  1 6.5  at  each  temperature. 

SET  UP:  270*C-  300.15  K and  -13.Q°C  - 260.15  K 


Execute: 


J <1.40118.3 145  J mol  KX 31X1.1 5 K)  fo.40H8.3145  J mol  KM260.I5  K> 

(2X8x10  ' kg  mo!)  <28.8x10  ' kg  mol)  m' 


Evaluate:  The  speed  is  greater  at  the  higher  temperature.  H»:  difference  in  speeds  corresponds  to  a 7%  increase. 

n?  [y 

iDEMin:  For  transverse  waves,  v - I — . For  loncitixlinal  waves.  v - I — . 

*■  " \p 

SET  Up:  The  miss  per  unit  leneth  it  is  related  to  the  density  tassumed  uniform)  and  th:  cross-section  area  A by 


Execute:  vfc  - 30v.,^  gives 


Y )F  Y F Y 

- - 30  I— and  --  9W — . Therefore,  FI  A . 


Evaluate:  Typical  values  of  Karr  on  the  order  of  10‘  Pa.  so  the  stress  must  be  about  10*  Pa.  If  A is  on  the 
order  of  1 mm*  = 10  * m*.  this  requires  a force  of  atxiut  100  N. 

I DEN  I1FY:  Tbc  intensity  / is  given  in  terms  of  the  displacement  amplitude  by  EqX  16. 12)  and  in  terms  of  the 
pressure  amplitude  by  Kq.(  16. 14).  to  - 2 xf.  Intensity  is  energy  pvr  second  per  unit  area. 

SET  UP:  For  part  (a),  / - 10  * W/m*.  For  part  (bk  / ^ 3.2  x 10  * W/n>\ 

Execute:  (a)  / - 


UrB 


lb)  A is  proportional  to  s/7.  so  A - (l.lx  10  1 m 


3.2x10 


is  also  proportional 


< ft  ■ *i>  />„.  =(2.9x10  ’ Pa 


5.2  x 10  ' W.  m" 
1-10  - \V  m 


- 1.6  Pa  =1.6x10  1 Ml 
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16.15. 


16.16. 


16.17. 


16.18. 


16.19. 


(c)  area  - (500  mm)3 s 2.5x10"*  m2.  Part  (a):  (1x10  12  \V/m2)(2.5xIO'5  m'V2.5x|0  Jfc. 

Past  (bf  (3.2x|0  1 W/nJX2-5x  10  * m*>^8.0xI0  1 J/s. 

Evaluate:  For  fain!  sounds  Ibe  displacenxnt  and  pressure  variation  amplitudes  are  very  small.  Intensities  for 
audible  sounds  vary  over  a very  wide  range. 

I DEV nrv : Apply  Eq.<  1 6. 1 2 ) and  solve  for  A.  A - vf  /.  with  v - yjB:  p. 

SET  UP:  & ^ 2xf.  For  air.  8 - 1 42  x 10'  Px 

EXECUTE:  (a>  The  amplitude  is 


U 


2(3.00x10*  W/m3) 


-9.44x10  " m. 


JpBto2  ^ yjilOQO  kg/m;)(2.18x  10*  Pa)(2ff(3400  Hz))3 

ru  * . « v J(2.l8x|0'Pa)/(IOOO  kg/m*)  A ... 

The  wavelength  is  A -2 J - 0.434  m. 

/ / 3400  Hz 

HO  Repeating  the  abov  e with  8 - 1.42  x 10'Pa  and  the  density  of  air  gives  A - 5.66  x 10  v m and  A - 0. 100  m. 
EVALUATE:  (c)  The  amplitude  is  larger  in  air.  by  a factor  of  about  60.  Fee  a given  frequency,  the  much  less  dense 
air  molecules  must  have  a larger  amplitude  to  transfer  the  same  amount  of  energy. 

iDEMin  and  Set  I’P:  Use  l:q.(  16.7)  to  eliminate  either  i or  B in  / - -~m- 

EXECUTE:  From  Eq.  f 19.21  K V2  - B/p.  Using  Eq.(  16.7)  to  eliminate  v./  -\*j8fp)p:a^/28  - 
Using  Eq.  (16.7)  to  eliminate  8*  I - >j£*/2(vV>)  - p ^ ;2pv. 

Evaluate:  The  equation  in  this  form  shows  the  dependence  of  / on  the  density  of  the  material  in  which  the 
wave  propagates. 

IDEMIFY  and  S»:r  UP:  Apply  Eqs.(16.S).  (16. 1 1)  and  < 16. 15). 

Execute:  (u>  »=2t/  = (2t  rad((l50lfa)  = 912.5  rads 

. 2.T  2 xf  M 912  i rads  ...  . 

k 2.74  rad  m 

A v v 344  ms 

A = 1.42x10*  Pa  (Example  16.1) 

Then  />,_  - BkA  = (1.42*  10'  PaX2.74  rad,'m*5 00-  10 * m)  - 1.95  Pa. 

(b) Eq.(16.l I):  / BkA1 

I - i(042.5  raitlK142 - 10'  Pa*27.4  1*1  m|)S.00-  10  * m)J  =4.58x10  ‘ \VW. 

(e)  ICq  1 16  15):  /J  = (IOdB>kigI/  7,»  with  /,  = 1-I0  “ W/m1. 
fl  = (1(1  dIi)kig((4.SSx  10  * YV.m'WlxlO  \V  mJ))  = 96.6  dB. 

Evaluate:  Even  though  the  displacement  amplitude  is  very  small,  this  is  a very  intense  sound  Compare  the 
sound  intensity  level  to  the  values  in  Table  16.2. 

IDENTIFY:  Apply  p - (10  dB)k>g<///0|  In  jxart  (bk  use  Eq.l  16.14)  to  calculate  / from  the  mfonnatiao  that  is 
given. 

Set  Up:  /,  - 10* 42  W/m2.  From  Table  16.1  the  speed  of  sound  in  air  at  20.0°C  is  344  m>*.  The  density  of  air  at 

that  temperature  is  1.20kg/m\ 

Execute:  (■)  ff=(l0dB)logl  - — " - u 57  an. 


\ 10  - ww 

|b)  I ■ = (0.150  N,m) = 2.73x10  ' W/m1.  Uiinu  lhi»  In  Uqualiixi  (16.15). 

2nv  2(150  kn/m  )(344  m 's)  ' * 4 


« -<I0  am  knr. 


2.73x10  ' W/m! 


10  -■  W m- 


- 74  .4  dU 


EVALUATE:  As  expected,  the  sound  intensity  is  larger  for  the  jack  hammer. 

IDENTIFY:  Use  Eq.l  I 6. 13)  to  relate  /and  p^.  //-(ID  iffi)lcg(///o).  Eq.l  16.4)  says  the  pressure  amplitude  aixl 

(2xf\ 

displacement  amplitude  arc  related  by  pUa0t  - BkA  - tt\  '.C 

SET  UP:  Al  20°C  the  bulk  moduli!*  for  air  is  1 .42  ■ 10*  Pa  and  i - 344  m<  / =1x10  ' \V  m . 
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16.20. 


16.21. 


16.22. 


16.23. 


16.24. 


16.25. 


Execute:  (■)  / .»k-f344; ^ - 4.4., o ■>  w.W 
2 B 2(1.42x10  Pal 

l*>>  P dB)log|  I = 6.4  dll 


(c >/U^-  (344  nvsX6.Qx  10  Pa)  SJjj|0  „ 
2 xfB  2<?(400  11/1(1.42x10  Pal 


r, 


EVALUATE:  This  i%  a very  fainl  sound  and  the  displacement  and  pressure  amplitudes  are  very  small.  Note  that  the 
dispi&rcmcnt  amplitude  depends  on  the  frequency  but  the  pressure  amplitude  does  nor. 

Identify  and  SET  UP:  Apply  the  relation  Px-Pi=i  10  dlillogf/j//,)  that  is  derived  in  Example  16.10. 


Execute:  (u>  A/?=(10dB|log[^.]-6.0dB 

<b)  The  total  number  of  cry  ing  babies  must  be  multiplied  by  four,  for  an  increase  of  12  kids. 

Evaluate:  For  /%  - a!  . where  a is  some  factor,  the  increase  in  sound  intensity  level  is  A fl  - (10  dB)kiga. 


For  a - 4.  A//  - 6.0  dB. 

IDENTIFY  and  SET  UP:  Let  1 refer  to  the  mother  and  2 to  the  father.  Use  the  result  derived  in  Example  16 1 1 for 
the  difference  in  sound  intensity  level  for  the  two  sounds.  Relate  intensity  to  distance  from  the  unircc  using 

I:q.<  1S26> 

Exec  irii:  From  Example  16.11.  P:~P{  =(10dB)log(/^/() 

Cq.<lS.26»  /,//,  =rftr?  or  l,/ 1,  -iftr? 

- P-.  " P.  - HO  dlt)log</. //,)  = (10  dBlloglr,  /r,)1  „ (20  dBilog(r.  /r.) 

A/I  - <20  dB) log (1.50  mO.30  m)  - 1 4.0  dB. 

Evaluate:  The  father  is  5 txn>»  closer  so  the  intensity  at  his  location  is  25  times  greater. 

Identify  : p - <10  dB)log— . p:  - //,  - <1<)  dB)log— . Solve  for 

A A A 

SET  Up:  If  log y - x then  y - 10\  Let  p ; - 70  dB  and  //  ^ 95  dB. 

Execute:  70.0dB -95.0  dB^ -25.0  dB  = (10dB)log-L.  k»g— - -2.5  and  -L- 10*1*  - 3.2x10 

A K A 


Evaluate:  /,  < /,  when  /A  < p 

(a)  Identify  and  Sit  Up:  From  Exmnplc  16.1 1 A fl-  (10  dB)^/*//,) 

Set  Ap  - 13.0  dB  and  solve  for  /,//,. 

Execute:  l3.0dB-l0dBkf(/}/A>  U-logC/*//,)  and  /1//l=20.0. 

<h>  EVALUATE:  According  to  the  equation  in  part  (a)  th:  difference  in  two  sound  intensity  levels  is  determined 
by  the  ratio  of  the  sound  intensities.  So  you  don't  need  to  know*  /,.  just  the  ratio  /*//,. 

v*  i 

IDENTIFY:  For  an  open  pipe.  /,  - — For  a stopped  pipe,  /,  - — . v-  f?.. 

SET  Up:  v - 344  m s.  For  a pip:,  there  must  be  a displacement  node  at  a closed  end  and  an  antinodc  at  the 

open  end. 

Execute:  (u>  L - ' 1 - - - 0.290  m. 

2/  2(594  Hz) 

(b)  Tliere  is  a node  at  ore  end.  an  antimxlc  at  th:  other  end  and  no  other  nodes  or  ant  inodes  in  between,  so 
i^tand  ^ - 4£  - 4(0.290  m)-  1.16  m. 


1 v 

2 21. 


1(591  Hi)  - 297  II*. 


Evaluate: 


We  could  also  calculate  f.  for  the  stepped  pipe  as  f%  - — 

A 


344  m s 

1.16  m 


297  II/.  which  agrees  with 


our  result  in  pari  (ak 

IDENTIFY  and  SET  UP:  An  open  end  is  a displacement  antinode  and  a closed  end  is  a displacenxnt  node.  Sketch 
the  standing  wave  pattern  and  use  the  sketch  to  relate  the  node  To -ant  inode  distarxe  to  th:  length  of  the  pipe.  A 
displaremcnt  mile  is  a pressure  antimxlc  and  a displacement  antirxulc  is  a pressure  node. 
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16.26. 


Execute:  (a)  The  placement  of  the  displacement  node*  and  antinode*  along  the  pipe  is  as  deleted  in 
Figure  16.25a.  The  open  ends  are  displacement  ontimxles. 


UWlin  6 Ml  ii 


! •* 


X N A X A 

Vf  vf  vr 

tn  in  in 


Figure  16.25  a 


ANA  SANA 


OJ  n* 
in  it 


ia  «u 


Location  of  the  drsplacenent  node*  (N)  treasured  from  the  left  end: 

fundamental  0.60  m 

1st  overtone  0.30  in.  0 90  m 

2nd  overtone  0.20  m,  0.60  nx  I <)0  m 


Location  of  the  pressure  note*  (displacement  antinodes  (A0  measured  fn>m  the  left  end 

fundamental  0,  1.20  m 

1st  overtone  0.  0.60  nx  1 .20  m 

2nd  overtone  0,  0.40  nx  0.80  nx  1.20  m 

<b)  The  open  end  is  a displacement  antinode  and  the  ck»scd  eixl  is  a displacement  node.  The  placement  of  the 
displacement  rxides  and  antirxnles  along  the  pipe  is  sketched  in  Figure  16.25b. 


iu  ulmcmM  mi.wvw 


Figure  16.25b 


Location  of  the  dwplaceirent  node*  (S)  treasured  from  the  closed  end: 

fundairenlal  0 

1st  overtone  0.  0.80  m 

2nd  overtone  0.  0.48  nx  0.96  m 


Location  of  the  pressure  nodes  (displacement  antinodes  (AM  measured  from  the  closed  end: 

fundanx-nlal  1.20m 

1st  overtone  0.40  in.  1 .20  m 

2nd  overtone  0.24  nx  0.72  nx  1 .20  m 

EVALUATE:  The  rode-uv-node  or  aiuinodeto>antinode  distance  is  X /2.  For  the  higher  overtones  the  trequerey 
is  higher  and  the  wavelength  is  smaller. 

IDENTIFY:  A pipe  closed  at  one  end  is  a stopped  pipe.  Apply  Fqs.(16. 18)  and  ( 16.22)  to  find  the  frequencies  and 
Lqs.l  16.19)  and  1 16.23)  to  find  the  highest  audible  harmonic  in  each  case. 

SET  L’P:  For  the  open  pipe  n - 1.  2.  and  3 for  tte  first  three  harmonics  and  foe  the  stopped  pipe  n-l,  3.  and  5. 


Execute:  (u)  ft  = -L  and  fm  - n/r 
XiJ  m « 

382  1!/.  764  II/.  7,-1146  II/.  1528  Hz 


ih)  /;"17  "ml'  3's 

TJJ  mig 

/>— — — - 191  Hz.  /;^573ll/.  /,  - 955  1 1/,  f -1337  Hz 

4(0.450  m) 


/ 20,000  Hz  t t . f 20.000  11/  lrw  „ 

(e)  open  pipe  n 52.  closed  pipe IIM.  But  onlv  odd  n are  present,  so 

111  / 382  Hz  11  fx  191  Hz  1 1 

» = 1 03. 

EVALUATE:  For  an  open  pipe  all  hirmceiics  arc  present.  For  a stopped  pip:  only  odd  harmonics  are  present.  For 
pines  of  a given  lenuth.  /.  tor  a stopped  pipe  is  half  what  it  rs  for  an  open  pipe. 
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16.27. 


16.28. 


16.29. 


16.30. 


16.31. 


iDEMItY:  Foe  a stopped  pipe,  the  standing  wave  frequencies  arc  given  by  Fq.  (16.22). 

SET  UP:  The  first  three  standing  wave  frequencies  cocTespund  to  <7-1.  3 and  5. 

Execute:  /,  -S06  Hz. /,  =3/  -1517  Hz.  f,  -5/;  -2529 Hz. 

Evaluate:  All  three  of  these  frequencies  are  in  the  audible  range,  which  is  about  20  1 1/  to  20.000 1 1/. 
IDEYIIFY:  Model  the  auditory  canal  as  a stopped  pip:  of  length  L - 2.40  cm.  Fur  a stopped  pipe.  - 4/.. 

/.  = 1x1  /. * nf»  *ml  3.  5 

SET  UP:  Take  th:  highest  audible  frequency  to  be  20.1XK)  II/.  » - 344  ms. 

EXECUTE:  (a)  / - * * K ' 3.58x  10  II/.  A = 41  = 4(0.0240  m)  - 0.0560  m.  This  frequency  is 

J 4 L 4(0.0240  m|  ^ 7 

audible. 

/ 20,000  Hz 

(b>  For  / - 20.000  Ih. — — 5.6;  the  highest  harmonic  wluch  is  audible  is  for  n - 5 (fifth  harmonic) 

/,  3580 11/ 

/,- 5/ -1.79x10*  Hz. 

EVALUATE:  For  a stopped  pipe  there  arc  no  even  harmonics. 

iDLMin : For  cither  type  of  pipe,  stopped  or  open,  the  fundamental  frequency  is  proportional  to  the  wave  speed 
»•.  The  wave  sp>^l  is  given  in  turn  by  Fq.fl6.IO). 

SET  Up:  For  He,  / = 5/3  and  for  air.  / = 7/5. 

EXECUTE:  (u)  The  fundanxnlal  frequency  is  pr»>poctional  to  the  square  root  of  the  ratio  so 


■! 


ii<262  Hz)  -767  Hz 

r-  Wsi  4.oo 

(b)  No.  In  either  ewe  the  frequency  is  propyrtional  to  the  speed  of  sound  in  the  gas. 

EVALUATE:  The  frequency  is  much  higher  for  helium.  since  the  rms  speed  is  greater  for  helium. 

IDENTIFY : There  must  be  a node  at  each  end  of  the  pipe.  For  the  fundamental  there  are  no  additional  mxlcs  and 
each  successive  overtone  has  one  additional  node,  v - / X. 

SET  UP:  »•  - 344  m s.  The  node  to  node  distance  is  A ; 2. 


EXECUTE:  (a)  - L so  a,  - 2L.  Each  successive  overtone  adds  an  additional  >1/2 along  the  pip:.  so 

— I - and  A - — . where  n - I.  2.  3 f — 

2 " ;t  * * a 2L 


v 144  m\ 

(b)  /: : — 68.8  II/.  f :-2/  -I3H  Hz.  / - 3/  - 206  I Iz.  All  three  of  these  frequencies  arc 

2Z.  2(2.50  m> 

audible. 

Evaluate:  A pipe  of  length  L closed  at  both  ends  has  the  same  standing  wave  wavelengths,  frequencies  and 
nodal  patterns  as  for  a string  of  length  l.  that  is  fixed  at  both  ends. 

Idsaiify  and  SET  UP:  Use  th:  standing  wave  pattern  to  relate  the  wavelength  of  the  standing  wave  to  the  length 
of  the  air  column  and  then  use  Fq.(  15. 1 1 to  calculate  f.  There  is  a displacement  antinode  at  the  top  (open)  end  of 
the  air  column  and  a node  at  the  bottom  l closed)  end.  as  shown  in  Figure  16.31 
Execute:  (u) 

♦ 

A/4  = /. 

a - 4L  - 4(0.140  m)  ^ 0360  m 
344  ms  6|4|fz 
A 0.560  tn 


Figure  16  J I 


(h)  Now  the  length  /.  of  the  air  column  bcconxs  A(0. 140  ml  - 0.070  m and  A - 4/.  - 0.280  m. 

■ 3‘|mj|230nz 

A 0.280  m 

EVALUATE:  Smaller  L means  smaller  A which  in  turn  concspnnds  to  larger  f. 
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16.32.  Identify:  The  wire  will  vibrate  in  in  second  overtone  with  frequency  f*'*  when  //’*  - For  a stopped 
ft*  - v* 


1633. 


— — . The  fin*  overtime  standing  wave  frequency  for  a wire  fixed  at  both  ends  is  f*m  - 3 — LI. 

' 11 — 


si:r  UP:  The  wire  has  u - — — — — — 833  x 10  ‘ ke  rn.  The  speed  of  round  in  air  is  v - 344  m s. 

0.850  m 


EXECUTE:  I’  - 


T UN 


53x10  lu.m 


- 694  m’s.  fr^fx 


v 


gives  3 -In: — 

4/_ 


2^  _ 2|0.S50  r.iii.'il  _ ft0702  m _ - Q2  cm. 

I2i%w  121694  m s) 

EVALUATE:  The  fundamental  for  the  pope  has  the  sanx  frcquctxy  as  the  third  harmonic  of  tlx  wire.  But  the  wave 
speeds  for  the  two  objects  are  different  and  the  two  standing  waves  have  datTcrent  wavcVmgths. 


A 

£ 


■d  b— • 


:.wm 

Figure  16J3 

(a)  IDEMIFV  and  SET  Ur:  Path  difference  from  poonts  A and  B to  point  Q is  3.00  m - 1.00  m - 2.00  m.  as 
shown  in  Figure  16.33.  Constructive  interference  implies  path  difference  - nA%  n - h 2.  3, ... 

EXECUTE:  2.00  m - nA  so  A - 2.00  m/*i 

nv  ;j(344  m’s) 


v 

' 23Xi  m 


n<172  1 1/.  I n -1.  2.3.... 


2.00  m 

Tlx  lowest  frequency  for  which  constnxlive  interference  occurs  is  172  II/. 

(b)  IDEMIFV  and  SET  UP:  Destructive  interference  implies  path  difference  - (n/2M.  it  - 1.  3.  5.  ... 
Execute:  2.00m  = (u/2U  so  A - 4.00  mfn 


_ r uv  ;j(344  m's)  _ _ . 

/ ^ n<86llz).  it  - 1.  3.5 

A 4.00  m <4.00  m) 

The  lowest  frojucncy  for  which  destructive  interference  occurs  is  86  llz. 

EVALUATE:  As  the  frequency  is  slowly  increased,  the  intensity  at  (3  will  fluctuate,  as  the  interference  changes 
between  destructive  and  constructive. 

16.34.  IDENTIFY : Constructive  interference  occurs  w hen  the  difference  of  the  distances  of  each  source  from  point  /*  is 
an  integer  number  of  wavelengths.  The  interference  is  destructive  when  this  difference  of  path  lengths  is  a half 
integer  number  of*  wavelengths. 

SET  UP:  Tbc  wavelength  is  >.  - vjf  - (344  m/s)/<206  llz)  - 1.67  m.  Since  P is  between  the  speakers,  x must  be 
in  the  range  0 to  I.  where  L - 2.00  m rs  the  distance  between  the  speakers. 

Execute:  The  difference  in  pith  length  is  AJ  - (L  - x)  - x - L - 2*.  or  x = { L - AJ  )f  2.  For  destructive 
interference.  A J - in  -t  (1/2  ))>..  and  for  constructive  interference.  A/  - nA. 

(a)  Dcstnxtivc  interference:  n - 0 gives  AJ  - 0.835  m and  v = 0.58  m.  it  - I gives  A/  - -O.S35  m and  v - 1 .42  m 
No  other  values  of  n place  P between  the  speakers. 

<b>  Constnxtivc  interference:  n - 0 gives  AJ  - 0 and  x - 1 .00  m.  n - 1 gives  Al  - 1 .67  m and  r-0.17  m n - - I 
give*  AJ  - - 1 .67  m and  x — 1 .83  m.  No  other  v alues  of  n place  P between  the  speakers. 

(c)  Treating  tfx  speakers  as  point  sources  is  a poor  approximation  for  these  dinxnsaons.  and  sound  rearbes  these 
poants  after  rc tlcclmg  from  the  walls,  ceiling,  and  floor. 

Evaluate:  Points  of  constructive  interference  are  a distance  A f 2 apart,  and  tbc  same  is  true  for  tfx  points  of 
destructive  interference. 

16.35.  IDEVIIFY:  For  constructive  interference  the  path  diflerence  is  an  integer  number  of  wavelengths  are!  fee 
destructive  interference  tbc  path  difference  is  a half-integer  number  of  wavelengths. 

SET  UP:  a = vif  ^ <344  m s) .(688  llz)  ^ 0.500  m 

Execute:  To  move  from  constructive  interference  to  destructive  interference,  tlx  path  ditVcrencc  must  change 
by  )j2.  If  you  move  a distance  x toward  speaker  8.  the  distance  to  8 gets  shorter  by  x and  the  distance  to  A gets 
longer  by  x so  the  path  difference  changes  by  2x.  2x  - A'2  and  x - a/4  - 0. 125  in. 

EVALUATE:  If  you  walk  an  additional  distance  of  0. 125  m farther,  the  interference  again  becomes  constructive. 
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16.36. 


16.37. 


16.38. 


16.39. 


16.40. 


16.41. 


iDSMin : Dextnxlivc  interference  occurs  when  the  path  difference  it  a hall*  integer  number  of  wavelengths. 

Si:r  UP:  »•  - 3*44  m/x.  to  \ - vjf  -(344  m/s)/(l72  II/)  = 2.00  m.  If  rA  - 8.00  m and  rA  are  the  distances  of  the 

person  from  each  speaker,  the  condition  for  dettmetive  interference  is  rt—rA-  \n  + where  n is  any  integer. 
Execute:  Requiring  rv  - rt  -f  (/j  + ^)>.  > 0 gives  im-  r > ~rt/A  - -(8.00  m)/(2.C0  m)  - -4.  to  the  smallest 
value  of  ry  occurs  when  /?  - -4.  and  the  closest  distarxe  to  ^ it  rw  - 8.00  mt(-4ti)(  2.00  m ) - 1 .<X>  m. 
Evaluate:  For  r*  - 1 .00  m.  tlie  path  difference  is  rA  -rA-  7.(X>  m.  This  is  3.5A 
IDEMIFY:  (‘empale  the  path  difference  to  the  wavelength. 

SET  UP:  A = »//-(  344  m;x|/(K60  llz)  - 0.400  m 

EXECUTE:  Tlie  path  difference  is  1 3.4  m - 1 2.0  m - 1 .4  m.  Pt>ln  uKt» 3.5.  Tie  path  difference  is  a half- 

A 

integer  number  of  wavelengths  so  tlie  interference  is  dcstnxtive. 

Evaluate:  The  mtcrference  is  destructive  at  any  point  where  the  path  difference  is  a half  integer  number  of 
wavelengths. 

iDt-vmv:  /_  = I/.-/-1  wm/A. 

S»:r  Lp:  ! 344  in'*.  Lei  \ - 6.50  cm  and  A,  - 6.52  cm.  A.  > x,  to  /,  > /,. 

1 I I <J44m*l|0.02xl0J  m>  „ _.  ...  _ 

— - — 1611/.  There  are  16  heats  per 

At  A1 ) AiA2  (6.50x10  m|(6.S2x|0  : m) 

second. 

Evaluate:  We  could  have  calculated  fx  and  and  subtracted.  but  doing  it  this  way  we  would  have  to  be 
careful  to  retain  enough  figures  in  intermediate  calculations  toavoed  round -off  errors. 

Identify:  For  a stopped  pipe,  /,  - — 

SETUP:  r- 344  ms.  Let  L s 1.14  mud  I.»L16m.  I >L  so  / >/ 


Execute: 


-/  - vf  1 ■V-rti.-P 

• 7U  ij  4 L.L> 


(344  m sH2.00x|0-  m> 


l .3  II/.  There  arc  1.3  beats  per 


4(1.14  mRl.  16  m) 

second. 

Evaluate:  Increasing  the  length  of  the  pipe  increases  the  wavelength  of  tlie  fundamental  and  decreases  th: 
frequency. 

IDENTIFY:  /h  ( - 1/  - /‘J.  / - . (‘hanging  th:  tension  changes  the  wave  speed  and  this  alters  tlie  frequency. 


SET  UP:  »•  - J—  so  / - -i,  \— . where  F - Fo  + AF.  I-ct  fv  - T ^ I—.  Wc  can  assume  that  A FiF^  is  very 

2 \ fiiL  2 i nil 


small  Increasing  the  tension  increases  the  frequency,  so  F.  - f-/.. 


tXXClfTt  ,.)/^-/-/.-5^^T2F-^).IJA 


It 


•4.  J 


y 

IF. 


\vh:n 


A/* 

AF  tFp  is  small  This  gives  that  - ft  | — — |. 
r,  /„  440 11, 

Evaluate:  The  fractional  change  in  frequeixy  is  one-half  the  fractional  change  in  tension. 
IDF-N I1FN : Apply  the  Doppler  shirt  equation  fL  - [ - — — 

Vv+v* 

SET  UP:  The  positive  direction  is  from  listener  to  source  - 1 200  llz.  /L  - 1240  llz. 

execute:  *-0.  *-2SOn*.  /,-(—]/,  *v« 

1 ,L  A- A 1200 11,-1240  11/ 

Evaluate:  f,  > f.  sinre  th:  source  is  approaching  the  listener. 
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16.42. 


16.43. 


16.44. 


16.45. 


iDEVim : Follow  the  steps  of  Example  16. 19. 

Skt  L’P:  In  the  first  tfep.  >•  - +20.0  m s instead  of  -30.0  ns's.  In  the  second  step.  \\  - -20.0  m s instead  of 
•♦30.0  m s. 


Execute:  f%  - 


•4i)  ms 


340  m s 1 20.0  m s 


300  ltz)  = 2$3  llz.  Then 


* 


fT  X 


f - 


340  m's  - 20.0  m s 
340  nvs 


(2&3  llz)  = 266  II/. 


Evaluate:  When  the  car  is  moving  toward  the  reflecting  surface,  the  received  frcqucixy  bxk  at  tlx  source  is 
higher  than  tlx  emitted  frequency.  When  the  car  is  nxmng  away  from  the  reflecting  surface,  as  is  the  cue  here,  tlx 
received  trcqueixy  bxk  at  tlx  source  is  lower  than  the  emitted  frequency. 


iDEMitv: 


Apply  the  Doppler  shirt  equation  fL  = 


S»:r  L’P:  The  |Ksiti\e  direction  is  from  listener  to  source.  f\  - 392  II/. 


375  11/ 


(b)  « , 05.0  n*.  « - 'ISO  nvs.  .-1^1 1,  -|'.341  150  ,(W  H/>  _ ?7I 


r-rv. 


344  m st  35.0  m s 


Evaluate:  The  distance  between  whistle  A and  the  listener  is  increasing,  and  for  whistle  A fL  < /t  The 
distarxc  between  whistle  B and  the  listener  is  also  increasing,  and  foe  whistle  U t\  < /*. 

Iden  lin  and  S*:r  L*P:  Apply  EqsX  16.27)  and  ( 16.28)  for  the  wavelengths  in  from  of  and  behind  the  source. 

860  m. 


v q j ms 

Then  f - vfA.  When  the  source  is  at  rest  A — 

f<  40011/ 


Execute:  (u)  Uq.(  16.27):  a.  - L-l  - 344  m\  ~*°  m'*  - 0.798  m 

(b>  I:q.(  16.28):  i = 34ln^^<>mt  - 0.922  m 

|c)  fL  = »/ A (since  v,  -0),  so  fL  -(344  ms  >0.798  m - 431  11/ 

(d)  ft  = vfA  =(344  m s >0.922  m - 373  11/ 

EVALUATE:  111  front  of  tlx  source  (source  moving  toward  listener!  the  wavelength  rs  decreased  and  the  frequency 
is  increased.  Behind  the  source  (source  moving  away  from  listener)  the  wavelength  is  increased  and  the  frequency 
is  decreased. 

Iden  llfN : The  distance  between  crests  is  x.  In  front  of  the  source  ?.  - - — — and  behind  the  source  x - - — — . 

A 

SET  L*P:  T - 1 .6  s.  v - 0.32  m s.  The  crest  to  crest  distance  is  the  wavelength,  so  x - 0 12  in. 


Execute:  (a)  /*  = 1/7*  =0.625  llz.  X-1— !i  gives  v*  ^ v-Af%  ^032  m/s-(O.I2  mX0.625  ll/)-0.25  ms. 

A 

...  i v+vt  0.32  m*  0.25  m s Anl 

(bW- : 0.91  m 

A 0.62511/ 

EVALUATE:  If  the  duck  was  held  at  rest  but  still  paddled  its  feet,  it  would  produce  waves  of  wavelength 
0.32  m s 


< 


- 0-51  m.  In  front  ot  the  duck  the  wavelcneth  is  decreased  and  behind  the  duck  the  wawlengln  is 


0.625  11/ 

increased.  The  speed  of  the  duck  is  78%  of  the  wave  speed,  so  the  IXippler  e fleets  arc  large. 
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16.46. 


16.47. 


16.48. 


16.49. 


iDBXnfY:  Apply  A - 11L  | 

Si:r  UP:  f%  - 1000  Hz.  The  positive  direction  is  from  the  listcwr  to  the  source,  v - 344  m s. 

344  m s 


(a)  v4  H344  m s|.'2  ^ -172  mvs.  v,  - 0.  / - ] H-L  1/ 

‘ L 1 i-fvj  * \ 344  m's  - 1 72  nvs 


[1000  11/ 1 - 2000  11/ 


v t v 

|b|  v,  -0.  n =-«l?2nv*.  t j ' 


i — ■ — I * i I ~~  n>  1 ■ ||XK)  1 1»)  - 1 50O  Hr. 


vtVj  / \ 344  in  s 

Evaluate:  (c)  The  answer  in  <b)  is  much  less  than  the  answer  in  fa).  It  is  the  velocity  of  the  source  and  listener 
relative  to  the  air  that  determines  the  efTect.  not  the  relative  velocity  of  the  source  and  listener  relative  to  each  other 

IDI-VIHY : Apply  A =|  TTT"  1-^’ 

SET  Up:  The  positive  direction  is  from  the  motorejele  toward  the  car.  live  car  is  stationary,  so  - 0. 

Execute:  /,  = = v-JOA.  »h»chgivc*  ,v  -»|A-ij_(j44 

You  must  be  traveling  at  19.8  m's. 

EVALUATE:  \\  < 0 means  that  the  listener  is  moving  away  from  the  source. 

IDSCTIFY:  Apply  the  IXippler  effect  foimula.  Uq.<  16.29). 

(a)  SEI'  Up:  The  positive  direction  rs  freen  the  listener  toward  the  source,  as  shown  m Figure  16.48a. 


LkiS 

Figure  16.48a 


Execute:  - 


r t > 


-A 


‘344  ms  1 18.0  ms 


1262  Hz i - 302  Hz 


i * \\  f \ 344  m s - 30.0  ms 
Evaluate:  Listener  and  source  are  appceorhing  and  /L  > f'%. 

(hi  SET  Up:  See  Figure  16.48b. 

rL--U>mf.  \ - *}U"  ■»'- 


a Ea 


Lk»S 

figure  16.48b 


Execite: 


Hi  m 's- 


ii  ■ 


[262  llz)  - 228  Hz 


\v+ v4  )'  * \ 344  nvs  -t  30.0  ms 
Evaluate:  Listener  and  source  are  moving  away  from  each  othrr  and  fL  < A* 

I DEN  I1PY : The  radar  beam  consists  of  clcctrnmagnctK:  waves  and  llq.l  16.30)  applies.  Apply  tbe  Doppler  fomiula 
tw>ce.  once  with  the  norm  as  a receiver  and  then  again  with  the  stomi  as  a source. 

SET  UP:  c - 3.00  x 10*  m's.  When  the  source  and  receiver  are  moving  toward  each  other,  as  is  the  case  here,  then 

r is  ncftitivc. 


Execute:  Let  /'be  tbe  frequency  received  by  th:  storm;  /’ 
frcuuetKV  w hen  the  waves  are  reflected  and 


i -II 


c- 


fy  Then  serves  as  the  source 


20. 


1 200.0  x 10  Hz)-  26.S  II/. 
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16.50. 


16.51. 


16.52. 


16.53. 


16.54. 


Evaluate:  Since  M<*c.  in  the  cxpressicei  *V 


c- 


f.  it  k a wry  good  approximation  to  replace  c-lr 


by  c and  thm  -^L. - 2—.  — is  verv  small, so  is  very  small.  Smcc  the  storm  is  appcwichini*  the  station  the  final 

f%  c c ft 

received  trequeevy  is  larger  than  the  original  transmitted  frequency. 

IDENTIFY:  Apply  Ix|.<  16.30).  The  source  is  moving  a\%av.  so  v is  positive. 

SET  LP:  c --  3.00  * 1 (f  ms.  i - +50.0x10*  na 


Execute:  /,  , £?"*  <3.330  x.O"  Hz„  3.329. 10“  Hz 

\c  + v’%  ^3.00x10*  mx-f  50.0x10*  ms 

Evaluate:  fk  < f%  since  the  source  is  nwsing  away.  The  datTercnce  between  fk  and  is  very  small  sitxc 

v«f. 

Identify:  Apply  Fq.<  16.30). 

SET  UP:  Require  fk  - I.100/f.  Since  fk  > the  star  would  be  moving  toward  ux  and  »<  0.  so  v-  -|i| 

c-  3 .00x10*  m s. 

Execute:  fk  - /*  ^ I.l00/f  gives  l^||j  = <1.  lOOr.  Solving  for  |»  | gives 

, lii.ioor-iic 

i ^ - 0.0950c  - 2.S5  x 10  m s. 

1 1 i+(i.ioor 

Evaluate:  1-9.5%.  — — 1-10.0%.  1 and  — are  approximately  equal. 

c k U c f% 

IDENTIFY:  Apply  Eq.<  16.31). 

SET  UP:  The  Mxh  number  is  the  valu:  of  v*/»\  wh^c  v*  is  the  speed  of  the  shuttle  and  v is  the  speed  of  sound 

it  the  altitude  of  the  shuttle. 


Execute:  (u)  — - sina  - sin5S.0&  - 0 .84$.  Tbe  Mxh  number  is  — 

vs  v 


(b)  v - 


331  ms 


- 390  m n 


MB 


r/  sin  58.0* 


(c>  — ■ ' 11  * -1.13.  The  Mach  number  would  be  1.13.  suwx  - * * ^ ’ anj  a - 61.9* 

v 344  m s 390  m s 

Evaluate:  The  smaller  the  Mach  number,  the  larger  th:  angle  of  the  shock- wave  cone. 
Identify  : Apply  Eq.(  16.31 ) to  calculate  a.  Use  the  method  of  Example  16.20  to  calculate  f. 
SET  UP:  Mxh  1 .70  nxrans  v%  l v = 1 .70. 

EXECUTE:  (a)  In  Iiq.(  16.31),  v/i;  - 1*1.70  - 0.588  and  a = arcsrin(0.S8R»  = 36.0°. 

(950  ml 


(nl  As  in  Example  16.20.  f - 


(1.701(344  m/sK  tan!  36.0")) 

EVALUATE:  The  angle  a decreases  wl>m  the  speed  v^of  the  plane  increases. 

Identify:  The  displacement  tf.r./l  is  given  in  liq.l  16.1)  and  the  pressure  vanatxm  is  given  in  Fq.{  16.4).  The 
pressure  variation  is  related  to  the  displacement  by  Eq.(16.3). 

SETUP:  k^lxM 

Execute : (u>  Mathematically,  the  waves  given  by  liq.f  16  I » and  Eq.(  16.4)  arc  out  of  phase.  Physically,  at  a 
displarcmcnt  node,  the  air  is  most  compressed  or  rarefied  on  either  side  of  the  rode,  and  the  pressure  gradient  is 
zero.  Thus,  displacement  nodes  arc  pressure  antinodes. 

(b)  The  graphs  have  the  xanx  form  as  in  Figure  16.3  in  the  textbook. 

(c)  p(. v,/)=  - B — When  ifa.l)  versus  x is  a straight  line  with  positive  slope,  /Hx.f)  is  constant  and 

& 

negative.  When  y(x,/)  versus  x is  a straight  liix  with  negative  slop:,  p(x.t)  is  constant  and  positive.  The  graph  of 
pf.Y.O)  is  given  in  Figure  16.54.  The  slope  of  the  straightlinc  segments  for  rfr.O)  is  1.6x  10  so  for  the  wave  in 
Figure  16.42  in  the  textbook.  pn^mm  -(1.6x  10  |/L  The  sinusoidal  wave  has  amplitud: 
p - BL4  - (2.5  x 10  ' \H.  The  difference  in  the  pressure  amplitudes  is  because  the  two  i(i,0)  functions  have 
different  slopes. 


Sound  and  Hcanng  16-13 


16.55. 


16.56. 


Evaluate:  (d)  p(x%t)  ha*  its  largest  magnitude  where  I hax  Ibe  greatest  slope.  This  i*  where  v(.v,/)  - 0 for 
a sinusoidal  wave  but  it  is  not  true  in  general. 


Figure  16.54 

iDIXiitv:  The  sound  intensity  level  is  fl  - (10  dB)k>g(/.  /.,  so  tlie  same  sound  intensity  level  fl  means  the 
same  intensity  /.  Th:  intensity  is  related  to  pressure  amplitude  by*  Eq.(l6.l3|  and  to  the  displacement  amplitude  by 

l:q.<  16.12). 

SET  L'P:  v - 344  m s.  ta  - 2x  j . liach  octave  higher  corresponds  to  a doubling  of  frequency,  so  the  note  sung  by 

the  bass  hax  frequency  (932  I lz)i'8  - 1 16.5  1 1/.  Lei  1 refer  to  the  note  sung  by  the  soprano  and  2 refer  to  the  nntc 
sung  by  the  bass.  /„  - I x 10‘11  W.'ra1. 
vp* 

Execute:  (u)  / - and  /,  - /,  gives  the  ratio  is  1.00. 


|b>  I = A‘  - I,  = /,  gives  f,\  - f:A..  -f  - = 8.00 

A It 


(c>  /I -72.0 

A = 


l C- 


k>g</ •'/<,) -7.2.  — = IOrj  and  /-  1.585x10  W mJ.  / =2  JpB4^/3A\ 


2(1.585x10  ' \Wm  ) 


2 2t<932  llz)i[ J<|.20  ksWxW’xio*  Pa) 


-4.73x10  ' m-47 .3nm 


EVAUtATE:  Even  for  this  loud  note  the  displacement  amplitude  is  very  small.  For  a given  intensity,  the 
dixplarcment  amplitude  depends  on  the  frequency  of  the  sound  wave  but  the  pressure  amplitude  does  not. 
IDEYVIFV : Use  the  equatxms  that  relate  intensity  level  and  intensity,  intensity  and  pressure  amplitude,  pressure 
amplitude  and  dasplacenvnt  amplitude,  and  intensity  and  distance. 

(a)  SE I UP:  Use  the  intensity  level  fl  to  calculate  / at  th«  distance,  jf  - (10  dB) log!  J!lv\ 

Execute:  S’OdB-aodltili^/.'flO  " W.m')) 
kig|//(IO  Win'))  =5.20  inflict  / - 1.5S5xlO ’’  WVm' 

Set  Up:  Thai  an  Eq.(  16.141  to  calculate  p : 


-f" 


to  p 


*'  -P''1 


From  Example  16.6.  />-1.20kg'm‘  for  air  at  20’C. 

Execute:  />._  - ^2 /»■/  - ,/’ll.20kgm,K.!44  m*X1.585«10  W.'m;)  - 0.01 14  Pa 

(b)  SET  L'P:  liq.l  16.5k  />._  - BkA  «i  A - 

Bk 

For  air  B = \A2x\&  Pa  (Example  16.1). 

_ _ It  2xf  <2*radX5H7llz) 

Execute:  k - 10.72  radm 

A v 344  ms 

A = El^  -- - 7.49  « 10  * in 

Bk  (1.42  x 10  Pah  1 0.72  ndfai) 

(c) SET UP:  /^-/ra>(IOdB)loo(/l//l)  (Example  16.11). 

I:q.<  15.26):  /,//,  -rjfr’  so  r; //C 

Execute:  fi  -fl,  - (10  dBilogd; trj  = (20  dBilo gfoVr,). 

fli  - 52.0  dB  and  r2  - 5.03  m.  Then  fl  - 30.0  dB  and  we  need  to  calculate 

52.0  dB  - 30.0  dB  - (20  dB>kig(/;//;) 

22.0  dB  = (20  dB)k>g<r;  fr: ) 

6gfr,/r2)>  1.10  so  r - 12.6 r.  -63.0  m. 
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16.57. 


16.58. 


16.59. 


EVALUATE:  The  decrease  in  intensity  level  corresponds  to  a decrease  in  intensity.  and  this  means  an  increase  in 
distanre.  live  intensity  level  uses  a logarithmic  scale,  so  simple  proportionality  between  r and  p doesn't  apply. 
iDLMItY:  The  sound  is  first  loud  whm  the  frequency  fxt  of  the  speaker  equals  the  frequency  /,  of  the 


fundanxntal  standing  wave  for  the  gas  in  the  tube.  The  tuh:  is  a stopped  pipe,  and  /,  - — 


Th:  sound 


is  next  loud  w hen  the  speaker  frequency  equals  the  first  overtone  frequency  for  the  tube. 

SET  L?P:  A stopped  pipe  has  only  odd  harmonics,  so  the  frequency  of  the  first  overtooe  is  f.t  -3 


Execute: 


This  uivcs  T 


16  C'Mfi 
r* 


EVALUATE:  (c)  Measure  f and  /..  Then  - — gives  v - 4 . 


IDENTIFY:  /**  - 1/,  - f\ I ft  - — and  » - A—  gives  fx  - 1 Apply  Y r - D to  the  bar  to  find  the 

1 1 11  1 nt 

tension  in  each  wire. 

Set  Up:  For  r#  - 0 take  th:  pivot  at  wire  A and  let  counterclockwise  torques  be  positive.  The  five-body 
diagram  for  the  bir  is  given  in  Figure  16.58.  l«ct  L be  the  length  of  the  bar. 

Execute:  £r  = Ogives  F/-w^iCJI/4)-ir^(l./2)»0. 


/2  = 3<I&5N)/4*<165N)/2  = 221N.  E+Esh  iw  w 


F,  = M-  ♦ w ^ - rk  - 165  N + 185  N -221  N - 129  N.  flA  ■! 


N 


2 u (5.50x10  kg  MO.  750  ml 


4 II/. 


221  N 

fit-  A isIttttt- H5.7H/.  / 


27.3  II/. 


129  N 

EVALUATE:  The  frequency  increases  when  the  tension  in  the  wire  increases. 


t 


£ 


*fcml 


Figure  1658 

iDLVIlfY : The  flute  acts  as  a stepped  pipe  and  its  harmonic  frequencies  arc  given  by  liq.l  16.23).  The  resonant 
frequencies  of  the  siring  are  - irf,.  n - 1.  2.  3,...  Th:  string  resonates  when  the  string  frequency  equals  the  flute 
frequency. 

SET  UP:  For  the  string  /w  - 600.0  1 1/.  For  the  flute,  the  fundamental  frequency  is 
v WO.,  aW 


[I/.  Let  ;t  label  the  haniKHiics  of  the  flute  and  let  a lab:  1 the  hirmomes  of  th: 


4/.  410.1075  m> 


string. 

Execute:  For  the  flute  and  string  to  be  in  resonanre.  ntfxx  = ir  Ju . w here  f[K  - 600.0  11/  is  th:  fundamental 
frequency  for  th:  string,  n.  - ni(ftt//ui  = iwr*  n*  **  an  integer  when  — 3iV,  V*  = L 3.  5.  ...  (the  flute  has  only 
odd  harmonics).  nt  = 3Af  gives  «.  - 4.V 

Flute  harmonic  3Af  resonates  with  string  harmonic  4AT,  iV  - I.  3.  5 

Evaluate:  We  can  check  our  results  for  son*  specific  valix-s  of  A.  For  .V  - 1.  nx  - 3 and  f4  - 2400  II/.  For 
this  S%  n%  ^ 4 and  fu  = 2400  II/.  For  N - 3.  n,  ^ 9 and  ftx  = 7200  II/.  and  nt  = 12.  fxU  - 7200  II/.  Our  general 
results  do  give  equal  frequences  for  the  two  objects. 
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16.60. 


16.61. 


16.62. 


IDKXnFY:  The  hacvnociics  of  the  string  arc  fA  - nJ  - n|  — ].  when;  / is  the  Vmgth  of  the  string.  The  tube  is 

topped  pipe  and  its  standing  wave  frequencies  arc  given  by  Eq.l  16.22).  Tor  th:  string,  v = ^Ff fi,  when:  /’is  the 
tension  in  the  string. 

SKT  l’P:  The  length  of  the  string  is  d - X./10.  so  its  third  harmonic  has  frequency  j?"  - 3^L  jFjp.  The 

y 

stopped  pipe  has  length  so  its  first  harmonic  has  frequency  //**  ~ 

EXECT'TE:  (a)  liquating  ff***  and  ff*  and  using  d - If 10  gives  F - 

(b)  If  the  tension  is  doubled,  all  the  frequencies  of  the  string  will  increase  by  a factor  of  J 2 . In  particular,  the  third 
harmonic  of  the  string  will  no  longer  he  in  resomnee  with  the  first  harmonic  of  the  pip;  because  the  frequencies 
will  no  longer  match,  so  the  sound  pcixlueed  by  the  instrument  will  be  diminished 

(cl  The  string  will  be  in  resomnee  w ith  a standing  wave  in  the  pipe  when  their  frequencies  are  equal.  Using 
Jf*  = 3^**.  ihc  frequencies  of  the  pipe  arc  nf**  = (where  n - 1.  3.  5, ...)  Setting  this  equal  to  the 

frequencies  of  the  siring  iff****  the  harmonics  of  the  siring  are  ri  - 3iv  - 3,  9.  15, ...  Th:  nth  harmony  of  the 
pipe  is  in  resonance  with  the  3 nth  harmonic  of  the  string. 

Evaluate:  Each  standing  wave  for  the  air  column  is  in  resonance  with  a standing  wave  on  the  string.  But  the 
reverse  is  not  true;  not  all  standing  waves  of  the  string  are  in  resonance  with  a harmonic  of  the  pipe. 
iDEVim  and  SET  UP:  Th:  frequency  of  any  harmonic  is  an  integer  multiple  of  the  fundamental,  for  a stopped 
pipe  only  odd  harmonics  are  present.  Tor  an  open  pipe,  all  harmonics  are  present.  See  which  pattern  of  harmonics 
fits  to  the  observed  values  in  order  to  determine  which  type  of  pipe  it  is.  Then  solve  for  the  fundamental  frequency 
and  relate  that  to  the  length  of  the  pipe. 

EXECUTE:  (u)  For  an  open  pipe  the  successive  harmonics  arc  fA  -nf{.  n - 1,  2,  3 For  a stopped  pipe  the 

sueccssivc  harmonics  arc  fA  = nf{,  n - I.  3.  5, ....  If  the  pipe  is  open  and  these  harmonics  arc  successive,  then 
- nfx  -1372  11/  and  f„x  = (ft  + l)./j  = 1764  1 1/.  Subtract  the  first  equation  from  the  second: 

(n  + \)fx  -nf,  - 1764  Hz  - 1372  II/.  This  gives  /,-392  Hz-  Then  n-  — — — — -3.5.  But  n must  h:  an  integer,  so 

the  pipe  can’t  he  open.  If  the  pipe  is  stopped  and  these  harmonics  are  successive,  then  /.  - nf,  - 1372  11/  and 
fm,3  - («  + 2)/,  - 1764  11/  (in  this  case  successive  harmonics  differ  in  n hv  2k  Subtracting  oik  equation  from  th: 
other  gives  2/^392  Hz  and  196  11/  Then  it  ^ 1372  lb'/,  = 7 so  1372  lb^  7/,  and  1764  lb  ^9/,.  The 
solution  gives  integer  n as  it  should:  the  pipe  is  stopped 
(b)  From  part  (a)  these  arc  the  7th  and  9th  harmonics. 

(c>  From  part  (a)  /,  - 196  Hz. 

For  a stopped  pipe  / — — and  /.  — ■ ^ — - 0.439  m. 

*4 L 4 f 4(196  lb) 

EVALUATE:  It  is  essential  to  know  that  these  are  successive  harmonics  and  to  realize  that  1 372  1 1/  is  not  the 

fundanxntal.  There  arc  other  lower  frequency  standing  waves;  these  arc  just  two  successive  ones. 

iDt.Min : Th:  steel  red  has  standing  waves  much  like  a pape  opm  at  both  ends,  since  th:  ends  are  both  displacement 

intmodcs  An  integral  number  of  half  wavelengths  must  fit  on  the  rod.  that  is,  with  n - I.  2, 3,  .... 

SET  L’P:  Table  16. 1 gives  v = 5941  m*  for  longitudinal  waves  in  sleel. 

EXECUTE:  (u)  The  ends  of  the  rod  arc  antinodes  because  th:  ends  of  the  rod  arc  free  to  oscillate. 

(b)  The  fundanxntal  can  be  pcxxluccd  when  the  nxl  is  held  at  the  middle  because  a nod:  is  located  there. 


J.H594. 

1 2(1 30  m) 


<d)  The  next  harmonic  is  n - 2.  or  f3  - 3961  II/.  We  would  need  to  bold  the  nxl  at  an  n-2  node,  which  is  located 
at  If  A - 0.375  m from  cither  end. 

EVALUATE:  For  the  1.50  m long  rod  the  wav  elength  of  the  fundamental  is  x - 21.  - 3.00  m.  Th:  node  to 
antimxle  distance  is  }.i 4 - 0.75  m.  For  the  second  harmonic  ?.  - L - 1 .50  m and  the  node  to antinodc  distance  is 
0.375  m.  There  is  a node  at  the  middle  of  the  rod.  but  forcing  a node  at  0.375  m from  one  end.  by  holding  the  rod 
there,  prevents  rod  from  vibrjting  xn  the  lundimcnta! 
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16.63. 


16.64. 


16.65. 


16.66. 


16.67. 


iDEVnFV  : Hie  shower  still  can  tc  modeled  as  a pipe  closed  at  both  ends,  and  hence  there  are  nodes  at  the  two 
end  walls.  Figure  15.23  in  the  textbook  stum’s  standing  waves  on  a string  fixed  at  both  ends  hut  the  sequence  of 
harmonics  is  the  same,  namely  that  an  integral  number  of  half  wavelengths  must  fit  in  the  stall. 

SKI  UP:  The  first  three  normal  modes  correspond  to  one  half,  two  halves  or  three  halves  of  a wav  elength  along 
the  length  of  the  air  column. 

EXECUTE:  (a)  The  condition  for  standing  waves  is  f9  - dil..  so  the  first  three  harmonics  an  for  n - I,  2.  3. 

(b)  A particular  physics  professor's  shower  has  a length  of  L - 1 .48  m.  Using  f9  - 4^-  and  t - 344  m/s  gives 
resonant  frequences  1 16  Ha  232  Hz  and  349  Hz. 

Note  that  the  tumiimcnta!  and  seccod  harmonic,  which  would  have  the  greatest  amplitude,  are  frequencies 
typically  in  the  normil  range  of  male  singers.  Hence,  men  do  sing  better  in  the  shower!  (For  a further  discussion  of 
resonance  and  the  human  voice,  see  Thomas  D.  Rosxing.  Thr  Science  of  Sound,  Second  Edition.  Addison -Wesley. 

1 990.  especially  Chapters  4 and  1 7.) 

Evaluate:  The  Standing  wave  frequencies  for  a pipe  closed  at  both  ends  arc  the  same  as  for  an  open  pipe  of  the 
same  length,  even  though  the  nodal  patterns  are  different. 

IDENTITY:  Stress  is  F i A*  where  F is  the  tension  m the  stnn«  and  A rs  its  cross  sectional  area. 


Execute:  (u)  The  cross-section  area  of  the  string  would  he  A - (900  N>/(7.0  x 10'  Pa)  -1.29x10  A m: . 
corresponding  to  a radius  of  0.640  mm.  The  length  is  the  volume  divided  by  the  area,  and  the  volume  is 


V -m  ' 


1 A 


14.00x10  ' kg) 


0.40  m. 


(7.8x10'  Icg/m* Ml. 29x10  * m) 

375  1 1/,  or  380  1 1/  to  two  figures 


(hi  For  the  maximum  tension  of  930  N.  — i 

2 y (4.00x10  kgX0-40  m) 

EVALUATE:  The  string  could  be  shorter  and  thicker.  A shorter  string  of  the  same  mass  would  have  a higher 
fundanxntal  frequency. 

IDENTITY  and  SET  Up:  There  is  a node  at  the  piston,  so  the  distance  the  piston  moves  is  the  rode  to  node 
distanec.  At  2.  Use  Fq.(  1 5.1)  to  calculate  vand  Eq.(  1 6. 10)  to  calculate  y from  i*. 

EXECUTE:  (u)  At 2 - 37.5  cm.  so  A - 2(37.5  cm)  - 75.0  cm  - 0.750  m. 
v - fA  - (500  Hz)0.750  m)  - 375  m s 
|b)  v*JyRT)\l  (Uq.16.10) 

Mv'  (28.8  x IQ  1 kg'mol)(3~S  m-)*  . 

' " R!  ~ (&.3145  J.'nxil  KX.1S0  Ki 

(c)  EVALUATE:  There  is  a node  at  the  piston  so  when  the  piston  is  18.0  cm  from  the  open  end  the  node  is  inside 
the  pipe.  18.0  cm  from  the  open  end.  The  node  to  antinode  distance  is  A .’4  - 18.8  cm  the  antinodc  is  0.8  cm 
beyond  the  open  end  of  the  pipe. 

Tltc  value  of  y wc  calculated  agrees  with  the  value  given  for  air  in  Example  16.5. 

Identity:  Model  the  auditory  canal  as  a stopped  pipe  with  length  2.5  cm. 

SET  UP:  Tbc  frequencies  of  a stopped  pipe  are  given  by  Eq.(  16.22). 

Execute:  (u)  The  frequency  of  the  fundamental  is  / = »V4 L = (344  m j)/(4(0.025  ml]  ^ 3440  Hz.  3500  Hz  is 
near  the  resonant  frequency,  and  tbc  ear  will  be  sensitive  to  this  frcqucixy. 

(b)  The  next  resonant  frequency  would  be  3J]  - 10.500  Hz  and  the  ear  would  he  sensitive  to  sounds  with 
frequencies  close  to  this  value.  But  7000  Hz  is  not  a rcsonint  frcqucixy  for  a stopped  pipe  and  the  car  is  rot 
sensitive  at  thrs  frequency. 

Evaluate:  For  a Stopped  pipe  only  odd  harmonics  are  present. 

I DEN  HTY:  The  tuning  fork  frequencies  thit  will  cause  this  to  happen  arc  the  standing  wave  frequences  of  the 

v rr 

wire,  for  a wire  of  mass  m.  length  L and  with  tension  t the  fundamental  frequency  is  /,  J The 

2/.  t 4 mL 

standing  wave  frequencies  are  *nft>  n - 1,  2.  3.  ... 

SET  UP:  F - % where  .1/  - 0.420  kg.  The  mass  of  the  wire  is  m - pV  - pL.rd: ! 4,  w here  d is  the  diameter. 


( 420.0 x to  kgK9.80  m/s‘) 

10"  m)*(0  45  m)*(2l  4x10* 

The  tuninu  fork  frequencies  for  which  the  fork  wxxild  vibrate  are  integer  multiples  of  77.3  Hz. 


Execute:  (u)  / »/-£—»  ■ - / ^ — -c  ■*•••• . 77.3  Hz. 

1 "4m L \J xd'L'p  ))  t(225x  10 " m)*(0.45  m)  (2l .4x10'  kg.  m t 


1 6.68. 


16.69. 


16.70. 


16.71. 
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Evaluate:  (b)  The  ratio  trtlM  * 9*  10  \ so  the  tensievi  does  not  van*  appreciably  alone  the  string  doc  to  the 
max*  of  the  wire.  Also,  the  suspended  mass  has  a large  inertia  compared  to  the  mass  of  the  wire  and  assuming  that 
it  is  stationary  is  an  excellent  approx itmtion. 

IDENTIFY:  For  a Stopped  pipe  the  frequency  of  the  fundamental  is  /,  - — - Pc  speed  of  sound  in  air  depends  on 
temperature,  as  shown  by  Eq.(16.l0). 

Si:r  UP:  Example  16.5  shows  that  the  speed  of  sound  in  air  at  2G:C  is  344  m s. 

v mfc 

Execute:  (u \ L — ! 0.246  m 

4/  4(349  lb) 

(b|  The  frequency  will  be  pnpucticmal  to  tlx  spred.  aixl  hence  to  the  square  root  of  the  Kelvin  temperature.  The 
temperature  necessary  lo  have  the  frequency  be  higher  is  (293.15  K)(|370  HzJ'|349  llz|)2  - 329.5  K.  which  is 
56.3°C. 

EvaIT’aTE:  56.3&C  - 133°F.  so  this  extrenx  rise  in  pitch  won't  occur  in  practical  situations  But  changes  in 

temperature  can  hav  e noticeable  cITects  on  the  pilch  of  the  organ  notes. 

Identify:  v«  fX  v - Solve  for  y. 

SET  UP:  The  wavelength  is  twice  the  scparatxm  of  the  nodes,  so  X - 2L.  where  L - 0.200  m. 


yRT 

Execute:  v - Xf  - 2 Lf  - J- . Solving  for  y, 

.1/ 

y-—i2Lf)1  =. 1 210.200  mM  1 100  llzl>:  - 1.27. 

RT  (8.3145  J/mol  -K)  (293.15  K) 

EvaIT'aTE:  This  value  of  y is  smaller  than  that  of  air.  We  will  see  in  Chapter  19  that  this  value  of  y is  a typical 
value  for  polyatomic  gases. 

Iden  iifn  : Dcslrvxtive  interference  occurs  when  the  path  difference  is  a half- integer  number  of  wavelengths. 

C obstructive  interference  occurs  when  the  path  difference  is  an  integer  number  of  wavelengths. 

SET  UP:  X - — iLLfj.  s 0.439  m 
/ 784  Hz 

EXECUTE:  (ii)  If  the  sepiration  of  the  speakers  is  denoted  h.  the  condition  for  destructive  interference  is 
*jx:  - /i*  - .r  - p?.%  where  p is  an  odd  multiple  of  one-half.  Adding  v lo  both  sides.  squaring,  canceling  the  x 3 * * 


term  from  both  sides  and  solving  for  x gives  x ■ — Using  X - 0.439  m and  h - 2.00  m yields  9.01  m 

2 pX  2 

for  ft  - 4.  2.7 1 m for  //  - is  1 .27  m for  fl  = 4,  0.53  m for  p - 4.  arxl  0.026  m for  //  - 4-  These  arc  the  only 
allowable  values  of  fi  that  give  positive  solutions  for  x. 

(b)  Repeating  the  above  for  integral  values  of  //.  constructive  interference  oecurs  at  4.34  m 1.84  ib  0.86  m. 
0.26  m.  Note  that  these  arc  between,  but  not  midway  between,  the  answers  to  part  ia). 

(cl  If  h - x/2,  there  will  be  destructive  interference  at  speaker  B If  x/2  >6.  the  path  difference  can  never  be  as 
large  as  X/2.  (This  is  also  obtained  from  the  above  expression  for  .t.  with  x - 0 and  p -4->  Tlx  minimum 
frequency  is  then  v/2A  - <344  m,'s)/(4.0  ml  - 86  Hz. 

EVALUATE:  When/ increases.  X is  smaller  and  there  are  mccc  occurrences  of  points  of  constructive  and 
destructive  interference. 

IDEVI1FV : Apply  /,  = [t77-)/s- 

SET  UP:  The  positive  direction  is  from  the  listener  to  the  source,  (a)  The  wall  is  the  listener.  vt  - -30  m/s. 

>V  = 0.  ft  - 600  Hz.  <b)  The  wall  is  the  source  and  the  car  is  the  listener,  v*  - 0.  \\  = *30  m s.  - 600  Hz. 


^v- 


1 -t  »*, 


344  m s 


,b)  A »|  111 U »(  i 1(600  Hz)  - 652  Hz 

^ v + v*  ) V 344  m's 

Evaluate:  Since  the  singer  and  wall  are  moving  toward  each  other  the  frequency  received  by  tlx  wall  rs  greater 

than  the  frequency  sum?  bv  the  soprano,  and  the  frequency  she  bears  from  the  reflected  sound  is  Lirser  still. 
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16.72. 


16.73. 


16.74. 


lDE\  : Apply  fi  - 71>c  wall  first  acts  as  a listener  and  tf>m  ax  a source. 

SET  Up:  The  positive  direction  is  from  liucncr  to  source.  The  bat  is  moving  toward  tlx  wall  so  the  Doppler  effect 
increases  the  frequency  and  the  final  frequency  received.  /u.  is  greater  than  the  original  source  frequency.  fu. 

A -2000  lb.  /u-/4,-IO.OIIz. 


EXECUTE:  Tin  wall  receive*  the  simnd:  / =/  . /,=/..  -~'i_  •“"*  >i  - <••  f - 


fu-l-  T-k  The  wall  receives  the  sound:  f. ^ - /Ll.  v*  - 0 and  »'L  - 

1 “ rt* 


’ + v> 
V + V| 


I ffXCi 


fu 


(^M=H 


»-»V| 


A. 


‘-'ui 


r + f 2vw  Ir  v4 f <344  m sx  10.0  llz>  __  . 

fu  "A i ■ — - * I/it  - — l/si • *W  * = 0 ™ * 


1 “‘t- 


2/c.  +Af  2(2000  II/) + 10.0  Hz 


EVALUATE:  fu  < iV . so  we  can  wnte  our  result  as  the  approximate  hut  accurate  expression  - 

IDKCTIIY  and  S*:r  L'P:  Use  I:q.(l6.l2>  for  the  intensity  and  liq.116.14i  to  relate  the  intensity  and  pressure 
amplitude. 

Execute:  tu>  The  amplitude  of  the  oscillations  is  AA. 

/ - ;^B<2 - iJpBx1/1  (A/?)' 

(Ii)  P ^ Hi.rR1]  =&r 
It)  I,/ 1,  SIR1 

I,  ={RtJfl,=2x:JtB(Rf/J)‘(ARt‘ 

I *° 

A-  = ^2  JpBl)  = 2x>[pB(Rfld)  AR 

- ,Jp  'BtR.'d)  Aff 
At  A2,t  B2.rf  * 

But  v^yjB/p  so  v%i'/>  A - I so  A -(A.'rf)  AA. 

EVALUATE:  TTic  pressure  amplitude  and  displaeemcnt  amplitude  fall  otTlike  I fd  and  the  intensity  like  1/d*. 
iDEVlin : Apply  /.  - ' - — — I f...  77k  heart  wall  first  acts  » the  listener  and  then  as  the  source. 

U + vJ 

SET  UP:  The  positive  direction  is  from  listener  to  source.  Tlx  heart  wall  is  moving  toward  the  receiver  so  the 
Doppto  c fleet  increases  the  frequerxy  and  the  final  frequerxy  received.  / is  greater  than  tlx  source  frequency. 


Execute:  Heart  wall  receives  the  sound:  /ka£,.  f.  - /...  »v-0.  r / -I  * *■-  \ fl  gives 


1 * 


I'-l 


/ . Heart  wall  emits  the  sound:  v - tv  . v.  -0. 


^)/u  T"^r  “(^rr 


. . ,,  - ,-ond.  ;i  -f.'-  - 11/ Hi  5*10  m<|  = 00J|9  _ Jlg  cmiS 

"■  2/«-tru-/H)  "*  " Vt,  212  (H)  - 10' I lx) 

Evaluate:  fu  - 2.00x  W 11/  and  /u  - /*,  - 85  11/.  so  the  sppiuximuion  we  nude  is  very  accurate  Within 

this  approximation,  the  frequency  daflerence  between  the  reflected  and  transmitted  waves  is  directly  proportional 
to  the  speed  of  the  heart  wall. 
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16.75.  (a)  Identify  and  Set  Up:  Use  Eq.<  1 5.1 ) to  calculate  A. 

..  , v 1482  nVs  _____ 

Execute:  a — 0.0674  m 

/ 22.0  x 10  Hz 

< l» > IDENTIFY:  Apply  the  Doppler  cITcct  equation.  Eq.t  16.29).  The  Problem-Solving  Strategy  xn  the  text  (Section 
16.81  describes  bow  to  do  this  problem.  The  frequency  of  the  directly  radiated  waves  is  f%  - 22.000  II/.  The 
moving  whale  first  plays  the  role  of  a moving  listener,  receiving  waves  with  frequency  /J.  The  whale  tlvn  acts  as 
a moving  source,  emitting  waves  with  the  same  frequency.  /t'«  with  which  they  are  received.  Let  the  speed  of 
the  whale  be  vm . 

Set  UP:  while  receives  waves  < Figure  1 6.75a) 


r*-« 

Figure  16.75a 

SETUP:  while  re  emits  the  waves  (Figure  16.75h) 


Execute:  vt  = 


VL*0  Execute:  v,  » -vtt 


Figure  16.75b 


16.76. 


16.77. 


Hul  fl  = fi  *>  A“/, 


1 1 IV* 

'-»v/ 


ri|en  H=k~k‘k 


1 — - ; 


-*kr, 

v~vw  ' 


It  2 -fl>  - I O'  H.~  II J 95  it.  > l 1471b 
1 4X2  mi -4.95m* 

EVALUATE:  Listener  and  source  are  moving  toward  each  other  so  frequency  is  raised. 

IDENTIFY:  Apply  the  Doppler  etTect  formula  f.  - [ft.  In  the  SUM  tlie  source  moves  toward  and  awav 

from  the  listener,  with  maximum  speed  <y A. 


SET  UP:  The  direction  from  listener  to  source  is  positive. 

Execute:  (u)  The  maximum  velocity  of  the  siren  is  t>\.Af  - 2 Mj,Ay.  You  bear  a sourcl  with  frequency 
"hclr  >'i  v»ici  bclvccn  +2nfrA,  and  -2.r f,\.  =/„v/(v-2T/,^)and 

/.  — = /—  v/(v  2nffA, ). 

<h)  The  maximum  (minimum!  frequency  is  heard  when  the  platform  is  passing  through  equilibrium  and  moving  up 
(down). 

Evaluate:  When  the  platform  rs  moving  upward  the  frequency  you  bear  is  greater  than  and  when  it  is 
moving  downward  the  frequency  you  brar  is  less  than  / 'mmm.  When  th:  platform  is  at  its  maximum  displacement 
from  equilibrium  its  spred  is  zero  and  the  frequetxy  you  hear  rs  Z^. 

IDENTIFY:  Follow  the  method  of  Example  16.19  and  apply  the  Doppler  shill  formula  twice,  once  with  the  insect 
as  the  listener  and  again  with  the  insect  as  the  source. 

SET  UP:  Let  vM  be  the  speed  of  the  bat.  v.mt  be  tbc  speed  of  the  insect,  and  / be  the  frequency  with  which  the 
sound  waves  both  strike  and  arc  rctlcctcd  from  the  insect.  The  positive  direct  ion  in  each  application  of  the  DcppV^ 
shaft  formula  is  from  the  listener  to  the  source. 


16*20  ( haptrr  16 


16.78. 


16.79. 


I6.K0. 


EXECUTE;  The  frequencies  at  which  the  bat  .vend*  and  receive*  the  signals  arc  related  bv 


‘♦Vi- 


L-  _ V« 


\( 


v r »'  I v t I- 


-Vw  Av-*W, 


. Solvioc  for  v 


3 v‘ 


I- 


A »*‘- 

X 


A 1 - 


ft  1 — *‘l. ! ~ A( v ♦ ■ I 

I I *Al 


Letting  f L = and/.  = gives  the  result. 

(H>  If  =.  80.7  kHz,  /#|  ^83.5  kHz.  and  v*w  - 3.9  m/s.  then  vM  ^ 2.0  m/s. 

EVALUATE:  ftXX  > because  the  hat  and  insect  an:  appnxiching  each  other. 

iDLMih:  Follow  the  steps  specified  in  the  problem.  \ is  positive  when  tbc  source  is  moving  away  fnwn  the 
receiver  and  vis  negative  when  the  source  is  moving  toward  the  receiver.  |/t  - /fc | is  tbc  heat  frequency. 

SET  UP:  Tbc  source  and  receiver  are  :pproaching.  so  / > f%  and  46.0  II/. 

v\Wf  ..vV* 

-AM  — 


r-r  j|  — v/c 

•Aid  n : (■)  A-AJ -At? — - 

c + v <Jl  + v/c 


(b)  For  small  x.  the  bmomul  theorem  (see  Appendix  B)  gives  ) I - x )'  ” * 1 - x/2,  ( 1 -t  x)  ^ * * 1 - x/2.  Tlxre  fore 
/ »^(l-  .2-  j * A | I -2.  |.  wliere  the  binomial  theorem  lias  been  used  to  approximate  ( I - x/2 |*  * 1 - x. 

(c  | For  an  airplane,  the  approximation  i c is  certainlv  valid.  Solving  tbc  expression  found  in  part  (b)  for  v. 


f - c 


k—,k  ^.^(3.00x10*  mh) 


-46.011/ 


- -56.8  m,'s.  Tlx  speed  of  the  aircraft  is  56.8  m s. 


A A ' 2.43x10  11/ 

Evaluate:  The  approximation  y<Xc  is  seen  to  be  valid.  \ is  ixgativc  because  the  source  and  receiver  are 

A/ 

approx  h in  g.  Since  v<c,  tbc  frartional  shift  in  frcqixncy.  — . is  very  small. 

iDLMin : Apply  the  result  derived  in  pirt  |b>  of  Problem  16.78.  The  radius  of  tbc  nebula  is  R - vr.  where  / is 
the  time  since  tlx  supernova  explosion 

SET  L’P:  When  the  source  and  receiver  are  moving  toward  each  other,  v is  ixgativc  and  /R  > J%.  The  light  from 
tlie  explosion  reached  earth  952  ycaix  ago.  so  that  is  th:  amount  of  tinx  tbc  nebula  has  expanded. 

I ly  -9.46x10^  m 

Execute:  (u)  v-c  A -/*  - (3.00 X 10*  mj%) ^)  QISx  ^ - -J.2x  10" m/s.  with  tlx  minus  sign  indicating 

A 4.568x10  11/ 

that  the  gas  is  approaching  tbc  earth,  as  is  expected  sinre  f%  > A- 

(b) The  radius  It  (952  yr)(3.1S6xl0’  y>rKI.2xlO'  m/*)  ^ 3.6*  10"  m - J.8  ly. 

(cl  Tlx  ratio  of  tlx  width  of  the  nebula  to  2r  times  tbc  distance  from  the  earth  is  the  ratio  of  the  angular  width 
(taken  as  5 arc  minutest  to  an  entire  circle,  which  is  60 x 360 arc  minutes.  Tlx  distance  to  the  nebula  is  then 
(601(360) 


2(3.75  y) 


5.2 x 10*  h\  The  time  it  takes  light  to  travel  this  distance  is  5200  vt.  so  tbc  cxpl 


• • • ! 


actually  took  place  5200  vr  before  1054  C.E.  or  about  4100  B.C.E. 


Evaluate:  |- 


4 .Ox  10  ’.  so  even  though  |v|  is  verv  large  the  approximation  required  for  i - is  accurate. 


iDLMin  and  SET  L‘P:  Use  t:q.f  16.30)  tbit  describes  the  Doppler  effect  for  electromagnetic  waves,  r c.  so 
tlx  simplified  form  derived  in  Problem  16.78b  can  be  used. 

(a)  EXECUTE:  From  Problem  16.78b.  fk  - A0 
r is  negative  smee  the  source  is  :pproaching: 
v*  — —(42.0  km  h}(  10(0  m*  1 km)(l  b 3600  s)-  - 1 1 .67  ms 
Approaelung  nxans  that  the  frcqtxncv  is  increased. 


y - A 2803x10*  11/  - 


-11.67  m s 
LOO x If/  m s 


-109  Hz 
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16.81. 


16.82. 


16.83. 


(1>)  Evaluate:  Approaching.  so  !hc  frequency  is  increased.  »•«<  and  tlxreforc  Sbfffg  C I.  The  frequency  of 
the  waves  received  and  retlectcd  by  the  water  is  very  close  to  2880  MHz.  so  get  an  additsoaal  shill  of  109  llz  and 
the  total  shirt  in  frequency  is  2(109  Hz)  - 2 IS  llz. 

iDLMitY:  Follow  the  method  of  Fxamplc  16.19  and  apply  the  Doppler  shirt  formula  twice,  oocc  for  the  wall  as 
a listener  and  then  again  with  the  wall  as  a source. 

SKI  UP:  In  each  application  of  the  Doppler  formula,  the  positive  directicei  is  from  the  listener  to  the  source 

v 

Execute:  (u)  The  wall  will  receive  and  retlect  pulses  at  a frequency and  the  woman  will  hear  this 

v - v 


V + V I'  V*  + V'  1*  ♦ 

retlectcd  wave  at  a frequency  : — ft . Tlx  heat  frequency  is  - fi- 
x' v—  v Y—Y  ’ 1 


"»•  > Vv"v» 


I h>  In  this  case,  the  sound  reflected  from  the  wall  will  have  a lower  frequency,  and  using  ft.{\ — vm  v% ) as  the 

detected  frequency,  i*  is  replaced  by  -v  in  th:  calculatson  of  part  (at  and  fy 


-=/.  i-— WJ— 

v»v.  / V > * V. 


EVAli!.\Tf:  The  beat  frequency  is  larger  when  she  runs  toward  the  wall,  even  though  her  specs!  is  the  sanx  in 
both  cases. 

IDENTIFY  and  s*:r  UP:  Use  Fig.(16.37)  to  relate  a and  T. 

Use  this  in  Fq.f  16  J1  > to  eliminate  sin <7. 

Execute:  Eq.(l6.31):  sana  = Wv.  From  Fig  16.37  tantz  -A/ivF.  And  tana-—'  n/ 


Jl  - sin’  a 


Combining  these  equations  we  get  — ■ — are!  A — 7 

vJ  J\ -<v/*r  T 


I I I 

h\ 


is  was  to  he  shown 


vV-v’r’ 

EVALUATE:  For  a given  /i.  the  faster  the  speed  v*  of  the  plane,  the  greater  is  the  delay  time  T.  Tlx  maximum 
delay  tinx  is  hf vf  and  T approaches  this  value  as  v*  -> *).  f-*0  as  v-s  v*. 

IDEX I1FY:  The  phase  of  the  wave  is  determined  by  the  value  of  x - »f,  so  f increasing  is  equivalent  to  a* 
decreasing  with  / constant.  The  pressure  fluctuation  and  displacement  arc  related  by  Lq.(16.3). 

SET  UP:  v(x,f)  - ~*jjJ  /K  T.Ud.v.  If  pi  x.t)  versus  a*  is  a straight  line,  then  t(i,f)  versus  .v  is  a parabola.  For  air. 

/*  = 1.42x10*  Pa. 

Execute:  (a)  The  graph  is  sketched  in  Figure  16.83a. 

|b)  From  liq.l  16.4k  the  function  that  has  the  given  p(x,  01  at  / - 0 is  given  graphically  in  Figure  16.83b.  liaeh 
section  is  a parabola,  not  a portion  of  a sine  curve.  Tlx  period  is  ?jv  - (0.200  m)/(344  m/s)  - 5.81  x 10  * s and  the 
amplitude  is  equal  to  the  area  under  the  p versus  x curve  between  x - 0 and  i — 0.0500  m divided  by  B%  or 
7.04  x 10  "m. 

(c>  Assuming  a wave  moving  in  tlx  -t.r  direction.  v(0.  f)  is  as  shown  in  Figure  16.83c. 

(d)  The  maximum  velocity  of  a particle  occurs  when  a particle  is  moving  through  tlx  origin,  and  the  particle  speed 
is  v.  = “TF  Thc  max,fnum  velocity  is  found  from  the  maximum  pressure,  and 

v - |40  Pa)<344  m sMl  .42  * 10'  Pal  - 9.69  cm's.  The  maximum  acceleration  is  the  maximum  pressure  gradient 
divided  by  the  density. 

a _ <ggj>  Pij/tg-lM  m>  B 6 67  , |0I 
“ (1.20  kg/m'l 

(e)  The  speaker  cote  moves  with  tlx  displxcmcnt  as  found  in  part  (c  k tlx  speaker  cone  altcrmtcs  between  moving 
forward  and  backward  with  constant  nvigiutude  of  acceleration  (but  changing  sign).  The  arcdcration  as  a function 
of  time  is  a square  wave  with  amplitud:  667  m s’  and  frequency  / - vM  - (344  m si /(0.200  ml  - 1 .72  kHz. 
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Evaluate:  We  can  verify  that  p(xs  I)  versus  .v  has  a shape  proportion!)  to  the  slope  of  the  graph  of  yix,  /) 
versus  x.  The  same  is  also  true  of  the  graphs  versus  /. 
p(Pk) 
i 


(c) 

Figure  16-83 

16.84.  iDIVlin : At  a distance  r from  a point  source  with  power  output  /*.  / — p - (10  dB)log<///a ).  For  two 
sources  the  amplitudes  are  combined  according  to  the  phase  difference. 

SET  LtP:  The  amplitude  is  proportional  to  the  square  root  of  the  intensity.  Taking  the  speed  of  sound  to  be 
344  m/s.  the  wavelength  of  the  waves  emitted  by  each  speaker  is  2.00  m. 

EXECUTE:  la)  Point  C is  two  wavelengths  from  speaker  A and  one  and  one- half  from  speaker  Bs  and  so  the 
phase  ditTercncc  is  180°  - x rad. 

P V Oft  v|fl ^ \y 

<b)  / r - — 3.9K*  10  W/m1  and  the  sound  intensity  level  is 

4*r*  4.7|4  O)  my 

(I  OdB)  log  (3.98x10*)  = 66.0  dB.  Repeating  with  />  = 6.00xl0‘*  W and  /•  = 3.00  m gives 
/=  5.31  x 10"’  W/m*  and  //  = S7.2dB. 

(c)  With  tlie  result  of  put  (a),  the  amplitudes,  either  displacement  or  pressure,  must  he  subtracted.  That  is.  the 
intensity  is  found  by  taking  the  square  roots  of  the  intensities  found  m part  tb).  subtracting,  and  squaring  the 
difference  Th:  result  is  that  / - I.60x  10  * W/m5  and  //  - 62. 1 dB. 

EVALUATE:  Subtracting  the  intensities  of  A and  B gives 

3.98x  10  * W/m5  - 5.31  x 10  W/m5  = 3.45  x 10  A W/m5.  This  is  very  different  from  the  correct  iiucnsitv  at  C. 
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17.1. 


17.2. 


17.3. 


17.4. 


17.5. 


17.6. 


Identify  and  set  U p:  r4  -jTc  ♦ 32°. 

Execute:  (u>  T,  -<9‘5X-62.8)  + 32--SI.O:F 
<b)  Tt  -(9'5X567)-f  32  - 134. l°F 
(c>  T%  -(9'5X31. 1)^32  -S8.0:F 

EVALUATE:  Fahrenheit  degrees  are  smillcr  than  Celsius  degrees,  so  it  takes  more  F*  than  C°  to  express  th: 
difference  of  a temperature  from  the  ice  point. 

I din  iin  and  SET  Up:  Tc  ^ l\Tt  -32°) 

Execute:  tut  Tc  = (5.’9)<4I.0-32)  = S.<PC 
<b>  T,  = (5.9X107- 32)^- 41  7:C 
<c)  T,  = ( 5.^M”  18  — 32)  — -27.S:C 

Evaluate:  Fahrenheit  degrees  arc  smaller  than  Celsius  degrees,  so  it  takes  more  F1  than  C*  to  express  the 
ditTerenee  of  a temperature  from  the  ice  point. 

IDIMIEY:  Convert  e»:h  temperature  from  :C  to  °F. 

SETUP:  T{  + 32'C 

Execute:  I8:C  equils  J(18&) ♦ 32°  - 64°F and  39°C  equals  £|39:M-32°=  102*F.  The  temperature  increase  is 

102*F-64:F  = 38  1°. 


is  ■>!  P 3 


* 

. and  this  corresponds  to  1 21  C:  1— 


Idixiuy:  Convert  AT  - 10  K to  F \ 


SETUP:  l K - I C*  = J P. 

EXECUTE:  A temperature  increase  of  10  K corresponds  to  an  increase  of  18  P.  IWukcr  8 has  the  higher 
temperature. 

Evaluate:  Kehm  and  Celsius  degrees  are  th:  same  si/c.  Fahrenheit  degrees  are  smaller,  so  it  takes  more  of 
them  to  express  a given  AT  value. 

Identify  : Convert  AT  in  kelvins  toC5  and  to  F°. 

Setup:  IK-IC^F* 

Execute:  m at*  *fA tc  -£(-io.oc°)^-18.o  p 
<b»  AT,  - ATk  = -10.0C° 

EVALUATE:  Kelvin  and  Celsius  degrees  are  the  sime  si/c.  Fahrenheit  degrees  are  smaller,  so  it  takes  more  of  them 
to  express  a given  AT  value. 

IDENTIFY:  Convert  AT  between  different  scales. 

SET  UP:  AT  is  the  same  on  the  Celsius  and  Kelvin  scales  180  F°  - 100  C°.  so  1C3  - £F*. 


Execute:  (u>  at  - 49.o  F°.  at  ^ t49.o  f;) 


1C° 

w 


- 27.2  C:. 


lb)  AT  - -100  F4.  Ar-(-l 


°n  u-5-560- 


EV  ALUATE:  The  magnitude  of  the  temperature  change  is  larger  in  F;  than  in  C: 
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17.7. 


17.8. 


17.9. 


17.10. 


17.11. 


17.12. 


17.13. 


17.14. 


IDENTIFY:  (’covert  2in  °C  to  :F. 

SETUP:  Tt  = $<7;  +32*1 

Execute:  u>  2,  = 4(40.2V32°  = lO*.4°F.  Yes,  you  should  be  coixcmcd. 

<H>  2,  = 4<2f  + 32°)  s 4<12°C)  + 32*  = 54°F. 

Evaluate:  In  doing  the  temperature  conversion  we  account  for  both  the  size  of  the  degree*  and  the  ditTerent 
zero  points  on  the  two  temperature  scales 
IDENTIFY:  Set  Tt  -2,  and  Tt  = 7^. 

SETUP:  T%  =$T.  + 32*C  and  Tk  = Tc  +273.15  = 2(2,  -32°)  + 273.15 
Execute:  (u)  2,  = Tc  - T goes  2 = 4 T + 32;  and  2 = -40:;  -40:C  = -40:F. 

(Ill  r,  ^7".  =J"  givci  7‘  = i(7’-32'“)-.273.l5aiid  r = i{-|2)(32°)-. 273.15)^575°;  575°F  = 575K. 


EVALUATE:  Since  2C  - + 273.1 5 there  is  no  temperature  at  vvh*:h  Celsius  and  Kelv  in  thermometers  agree. 

IDF.M1FY : (’covert  to  the  Celsius  scale  and  then  to  the  Kelvin  scale. 

SETUP:  Combining  Fq.(17.2> and  I:q.fl7.3).  2k  = 4(2, -32°)  + 273.15. 

EXECUTE:  Substituting  of  the  given  Fahrenheit  temperatures  gives 

(a)  216.5  K 

(b)  325.9  K 
<c)  205.4  K 

EVALUATE:  All  temperatures  on  the  Kelv  in  scale  are  positive. 

IDENTIFY:  (’covert  TK  to  Tx  and  then  convert  7J  to  2,. 

SET  UP:  Tk  - £ + 273. 1 5 and  2,  = 42,  *■  32°. 

Execute:  (u)  2,  -400-  273.15  = 12?:t\  2,  = <9’5H126.85>  + 32  = 260oF 
<l>>  2t  = 95  - 273.15  = -17S:C.  2,  = <9/5)(-l78.15)  + 32  = -289:F 

(c)  r,  = I.S5*l0,-273.IS  = I.S5xl0’°C,  T,  = <9/5)(l  .55x  I O’)  . 32  = 2.79 x I0'°F 

E' VALl  ATE:  All  temperatures  on  the  Kelvin  scale  are  positive.  2t  is  txgativc  if  the  temperature  is  below  the 
freezing  point  of  water. 

IDENTIFY:  Convert  2,  to  7[  and  then  convert  Tc  to  2k. 

Sir  I p:  r,  - r,  - 32*).  r,  - 7;  273. 15. 

Execute:  (u>  r,  r =£(-346°-32°)=-2IOeC 
(h|  ■-210° 1 273.15 =63  K 

E VALLATE:  The  temperature  is  negative  on  the  Celsius  and  Fahrenheit  scales  but  all  temperatures  are  positive  on 
the  Kelvin  scale. 

IDENTIFY : Apply  I^q.(  1 7.5)  and  solve  for {). 

Set  Up:  p%f±  - 325  mm  of  mercury 


Execute:  p = (325.0  mm  of  mercury  II  | - 444  nmi  of  mercury 

EVALUATE:  mm  of  mercury  is  a unit  of  pressure.  Since  l:q.(  1 7.5 1 involves  a ratio  of  pressures,  it  is  not  necessary 
to  convert  the  pressure  to  units  of  Pa. 

IDENTIFY:  When  the  volume  is  constant.  !-L  _ El.  for  2 in  kelvint. 

r Pi 


SET  Up:  2w  = 273.16  K.  Figure  17.7  in  the  textbook  gives  that  the  temperature  at  which  CO* solidifies  is 


T«» 


= 195  K. 


Execute:  pK=p  ' II  I =(1.35  atm)!  — ! — - 0.964  atm 

UJ  { 273.16  K' 

Evaluate:  The  pressure  decreases  when  T dxreascs. 

Identify:  l k - 1 Cj  and  I C° - iF*.  so  l K =;r°. 

SET  UP:  On  the  Kelvin  scale,  the  triple  paint  is  273.16  K 

Execute:  =(9.5>273.l6K  = 49l^90R. 

EVALUATE:  One  could  also  kiok  at  Figure  17.7  in  the  textbook  and  note  that  the  Fahrenheit  scale  extends  from 
-460° F to  + 32°F  and  conclude  that  the  triple  point  is  about  492° R. 
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17.15.  IDENTIFY  and  SET  L'P:  Fit  Ibe  data  to  a straight  line  for  p(T)  and  use  this  equation  to  find  7* when  p - 0. 
Execute:  (u)  If  the  pressure  varies  linearly  with  temperature,  then  p2  - p%  + y(T3  - 7;). 

r ^ _ 6.50*  K-  Pa-4.X0.10-  Pa  ^ ^ 
r-7;  ioo:c-o.orc 

Apply  P“  Pi  + YiT  - *1)  wilh  r - 0.0 1°C  and  p - 0 to  solve  for  T. 
o-A+rfr-i;) 

r = t -£l*  ode-  4 y vlQiIl  = -2S2<c. 

‘ ^ 170  PiC° 

<b)  Let  r - 100°C  and  T3  -0.0l°C;  use  liq.(  174)  to  calculate  ft.  I:q<  17.4)  says  wlxre  7*  is  in  kclvms 

« - » I ZL  J=  6.50  x 104  Pal  111 1 * ~ — — ' - 4.76  xlO4  Pa:  this  differs  from  the  4.80x  104  Pa  thit  was  measured 
'*  *{7 ;;  l 100  + 273.15  J 

so  Lq  1 17.4 1 is  not  precisely  obeyed. 

EVALUATE:  The  answer  to  part  (a!  is  in  rcasonabV:  agrceircnt  with  the  accepted  value  of  -273°C 

17.16.  iDEVnFY:  Apply  A X - al^AT  and  calculate  AT.  Then  T:  - T{  + AT.  with  T » 15.5*C. 

SET  L’P:  Table  17.1  give*  a - 12*10’’  (C1)’1  foi  steel. 

Execute:  aT^  — - 0471  fl ^235C.  r.  - is.5“C-.  23.5  C -39.0‘C. 

oL , [1.2*10  (t“)  '1(1671  m 

EVALUATE:  Since  then  the  lengths  enter  in  the  ratio  A LfL%%  we  can  leave  the  lengths  in  ft. 

17.17.  Identify:  AX  ^ 1^/xAT 

SET  Lp:  For  steel,  a - 1.2*  10  ’ (C°>  1 

Execute:  at -(1.2*10  '(Cl  lxl410mXI8.Cr’C-(-S.0iC))-.O.39m 

EVALUATE:  The  Vmgth  increases  when  the  tetr$>eraturc  increases.  The  fractional  increase  is  very  small,  since 
r/A r is  small. 

17.18.  Identify:  Apply  L - X,<1  + a&T)  to  the  diameter  *V  of  the  nvet. 

SET  L’P:  For  aluminum,  a-  24  x 10  4 (Cs)  Lei  d0  be  the  dianxtcr  at  7S.0°C  and  d be  the  diameter  at  23.0°C. 
EXECUTE:  J - d„  ’ Ad  - rf„(l ->aAT)~  (0.4500  cm* I » (2.4 - 10  ’(C1!  1 )(23.0'C  -[-7H.CTC1)). 

J -0.451 1 cm  - 4.51 1 mm. 

Evaluate:  We  could  haw  lei  d,  be  the  diameter  at  23.0“C  and  J be  the  diatwlcr  at  -78.0’C.  Then 
AT  - -78.0'C  - 23.0*0. 

17.19.  iDEVniY:  Apply  L - £,<l  t-oAF)  to  the  diameter  l>  of  the  penny. 

SKI  Lp:  1 K - 1 C.  «i  «c  can  use  Icmfcratures  in  “C. 

Execute:  Death  Valley:  nD,AT  -(2.6*10  1 (C1) '‘1(1.90  cmH2S.0C)  - 1.4*  10  ' cm.  so  the  diameter  u 

1.9014  cm.  Greenland:  nD,AT --3.6*10  ’ cm.  so  the  diameter  n 1.8964cm 

EVALUATE:  When  T iixrcasct  the  diameter  increases  and  when  T decreases  the  diameter  dxrcasct. 

17.20.  IDENTIFY:  AT  - fViAT.  Use  the  diameter  at  - I5°C  to  calculate  th:  value  of  Vt  at  that  temperature. 

SET  Up:  Fora  hemisphere  of  radius  R.  the  volume  is  V -^xR\  Tabic  17.2  gives  p - 7.2x10  * (C°)  ‘ for 
aluminum. 

Execute:  i; -ixR' -4-T(275  ml* -4.356*10'  m‘. 

A»'  = (72*I0-*  (C:>  M4.356.10'  in't^C-l-ISTH- 160  m‘ 

EVALUATE:  We  could  also  calculate  R - 7?,<1  -t  <zAD  and  calculate  the  new  Tfrom  R.  The  increase  in  volume  is 
V - Vv,  but  %ve  would  hive  to  b:  careful  to  avood  round- otT crews  when  two  large  volumes  of  nearly  the  same  si/c 
arc  subtracted. 

17.21.  IDENTIFY : Linear  expansion,  apply  I:q.(l7.6)  and  solve  fee  a. 

SET  UP:  Let  X,  - 40. 125  cm:  T,  --  20.0:C.  AT  - 4S.0TC  - 20.0:C  - 25.0  C3  gives  At  ^ 0.023  cm 

Execute:  AX  - aL  AT  implies  < I - — ,|l-,cm 2.3x10  1 (C3) 

X,.Ar  140.125  cmK25.DC3) 

EVALUATE:  The  value  we  calculated  is  the  sime  order  of  magnitude  as  th:  values  for  metals  in  Table  17.1. 
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Identify:  Apply  A F ^ \\fl\T 

SETUP:  For  copper,  // - 5.lx  10*  (C*)  *.  AF/K  - 0.150x10  \ 


EXECUTE: 


AK/K 


0.150x10 
5 1*10  (C 


29.4  C*.  T - T r AT  - 49.4°C. 


p 5.1x|0  (C  j ’ ’ 

Evaluate:  The  volunx  inrrcascs  when  ihc  temperature  increases. 

IDENTIFY:  Volum:  expansion;  apply  Ilq.t  1 7.8 > to  calculate  AF  far  the  ethanol. 

SIT  Up:  From  Table  1 7.2. /I  lor  ethanol  it  75  x 10  ' K 1 

EXECUTE:  Ar^lO.Cr'C-l9.»’C--9.0K.  Then  AT  - pi’t&T = (75  * 10  ’ K KI700  LM-9.0  K>=  — 1 1 L.  The 
volume  oflbc  air  'pace  will  be  1 1 L - 0.01 1 m . 

Evaluate:  The  temperature  decreases.  so  lb:  volume  of  the  liquid  decrease*.  H>e  volume  change  is  small,  less 
than  1%  of  the  original  volume. 

IDENTIFY:  Apply  AF  - V\fi\T  to  the  tank  and  to  the  ethanol. 

Setup:  For  ethanol. /V  - 75x10  ’ (C‘)  ’.  For  ttcel.  £ =3.6x10  ' (C°) 

Execute:  The  volume  change  for  ihe  lank  is 

AF  -VJI^AT  = (2.80  m'XJ.6x  10  ' <C°)  'H-U.O  Cl- -l.41x  10  ‘ m'=-l.4l  L. 

The  volume  change  for  the  ethanol  is 

AK4  - yj AT  3(2.80  m'WS  x 10 * <C°)  1 )<- 14.0  C“)  = -2.94  x 10*  m*^-29.4L. 

The  empty  volume  in  the  tank  is  AF  - AF  - -29.4  L -(-1.4  L)  - -28.0  L.  28.0  1.  of  ethanol  can  be  added  to  the 
lank. 

EVALUATE:  Both  volume*  decrease.  But  flt  > /f . so  the  magnitude  of  the  volume  decrease  for  the  ethanol  is  less 
than  it  rs  far  the  tank. 

IDENTIFY : Apply  AF  - V\fiAT  to  the  volume  of  the  flask  and  to  the  mercury.  When  heated,  both  the  volume  of 
the  flask  and  the  volume  of  the  mercury  irxrcase. 

Set  Up:  Formercury,  A,,  -IK. 10  ' (C>  '. 

Execute:  S.95  cm' of  mercury  overflows.  *o  Al'(<  - A»'_  - 895  cm’. 

Execute:  Al'|(  - F /f  ^ A T - < 1 010  00  cm  ‘ K1 K * 10  ‘ (C)  ,«55.0Cl')-9.9cm‘. 

AF.  -Al'  -8.95 on1  -0.95 cm1.  p.-^La l.7xl0’(C")  '. 

FjAT  (1000.00  cm  K 55.0  C» 

EVALUATE:  The  coefficient  of  volume  expansion  for  the  mercury  i*  larger  than  for  glass.  When  they  are  heated, 
both  tie  voJumc  of  the  m^vury  and  the  inside  volume  of  the  flask  increase.  But  the  increase  for  the  mercury  is 
greater  and  it  no  longer  all  fits  insxlc  the  flask. 

Idln  I1FY:  Apply  A/.  - L,aAT  to  each  linear  dimension  of  the  surface. 

SET  UP:  The  area  can  h:  written  as  A - aL  L ..  wkrc  a is  a constant  that  depends  on  the  shape  of  the  surface.  For 
c.xanptc.  if  the  object  is  a sphere,  a - 4t  and  /n  - - r.  If  the  ctoject  is  a cube,  a - 6 and  - L,  - /-.  the  length 

of  one  side  of  the  cube.  For  aluminum,  ti  - 2.4  x 10  4 (C°)  *. 


Al'  ^ Al’  - 8.95  cm‘  - 0.95  cm*.  //. 


Execute:  (■>  + l*-«Arx 

A - aLL.=aLllLK{\ra\T)‘  - .^,<1 t 2qAT  r|oAr|').  oAT  is  very  'mall,  mi  Ir/AT")1  can  be  neglected  and 
A - A,(l  ■*  2<tAT).  \-i-A-A,-(2alA^T 

(h)  A<-(2«).4jr  ^(2K2.4«I0  ' (C"|  ‘K.t(0.275  m)' XI2.S  C)  - 1.4 x 10  * m' 

EVALUATE:  The  Privation  assumes  th:  object  expands  uniformly  in  all  directions. 

17.27.  IDENTIFY  and  SET  UP:  Apply  the  result  of  Exercise  17.26a  to  calculate  A A for  the  plate,  and  then  A - At  -t  A4. 
Execute:  (u>  Aa“mi  = jt(1  .350  cnv2)J  = 1.43  lcm! 

<b>  Exercise  17.26  xayx  A4  - 2nA,AT,  so  A4  = 2(l.2xl0  ‘ O’  ')(l .431  cm-)<l75:C-25'C>- S.ISx  10  1 cm1 
Am  A,  A4  ■ 1 436  cm1 

EVALUATE:  a hole  in  a flat  metal  plate  expands  when  the  metal  is  heated  just  as  a poccc  of  metal  the  same  si/e 
as  the  hole  would  expind 

17.28.  IDENTIFY:  Apply  AL  - L,aAT  to  the  diameter  of  the  steel  cylinder  and  the  diameter  of  the  brass  piston 

SET  Up:  For  br*c.  aM  - 2.0x10 1 (C)'*.  for  steel.  a„  - 1.2*  10  ' (Cl  *. 
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17.29. 


1 7 JO. 


17.31. 


17.32. 


17.33. 


17.34. 


17.35. 


EXECUTE:  (u)  No.  the  brass  expands  marc  thin  the  steel. 

<10  Call  Dk  the  inside  diameter  of  tbc  steel  cylinder  at  20°C.  At  150°C.  D .i  -An 
A^AA, -25.000  cm  + AA*.  This  gives  A + a^T0,  AT  = 25.000  cm  + a^.  (25.000  cm)AT. 

„ 25.0(0  ;m(  I - a— AD  (25.0(0  cm)|l -(2.0.10  1 (C)  'HI50  C1)]  _ 

D.  - 25.1)26  cm 

1 + OgiAr  U (1.2x10’  (CT'XIJOC0) 

Evaluate:  The  space  inside  the  steel  cylinder  expands  just  like  a solid  piece  of  steel  of  the  same  size. 
IDENTIFY:  Find  the  change  A L in  th:  diameter  of  the  lid.  The  diameter  of  the  IkI  expands  according  to  l:q.<  17.6) 
S»:r  Ip:  Avtumc  iron  hat  Ihc  same  a a>  sled.  to  a - 1.2x10  ' (C“) ‘. 


EXECUTE:  M - al,J\T  = <l.2x  10  ' (CV  H725  mnl|(30.0  C*>  - 0.26  mm 
Evaluate:  In  Cq.(  1 7.6).  At  has  the  same  units  as  L. 

IDEVIIEV:  Apply  Eq.<  1 7. 1 2 1 and  solve  for  F. 

SETUP:  Forbrm*.  >-0  9-10'  Pa  and  <1  = 2.0x10  ‘ (C;l 

Execute:  F --Ya\TA --(0.9x10"  Pal(2.0xl0 ’(C°> ‘)(-II0CoX2.01x10‘*  m!) - 4.0x  10‘  N 


EVALUATE:  a large  farce  is  required.  AT  is  negative  and  a positive  tensile  force  is  required. 

IDENTIFY  and  SET  UP:  For  part  (a  t.  apply  l^q.<  17.61  to  the  litxar  expansion  of  the  wire.  For  part  (b),  apply 
I:q.<  171 2 1 and  calculate  FfA. 

Execute:  m - aLfiT 


‘J. 


1.9-10  : m 


r/  - 


3.2  x 10  < (C=  t 1 


l^AT  <1.50  mX42CTC  - 20  C| 

(b)  Fq<  17.12)  stress  FA  = -YfiAT 

AT  - 20’C  - 420C'C  - -400  f'5  I AT  always  nx-ons  final  temperature  minus  initial  temperature) 


FA  = -(2.0 x 10"  Pa  |<3.2  x 1 0**(C®)“  1 X -400  C3)  = +2.6 x 1 0V  Pa 

EVAlilATE:  FfA  is  positive  means  that  the  stress  is  a tensile  I stretching!  stress.  The  answer  to  part  la)  is  consistent 

with  the  values  of  a fee  nxtals  in  Table  17.1.  Tlx  tensile  stress  far  this  madcst  temperature  decrease  is  huge. 

I DEN  I1FY:  Apply  A L - l,aA7*  and  stress  - Ft  A = - YaAT . 

Setup:  Forded,  a -1.2x10  ’ (C*)  1 and  Y - 20-10'  Pa. 

Execute:  (■)  A£.  = 2,aAr-(I10mK1.2xl0  ' (C)  ‘M35.0C“)-5.0mm 

(1.)  stress --FoAT  --(2.0-10"  Pa|(l.2-10  ' (C‘>  'X3S.0  C‘>- -S.4-  I0:  Pa.  Hie  minus sign  meant  Ihc  stress 


is  compressive. 

Evaluate:  Commonly  occurring  tcmfxrrature  changes  result  in  very  small  fractional  elianges  in  length  but  very 
large  stresses  if  the  length  change  is  prev  ented  from  txcurring. 

IDENTIFY  and  s*:r  UP:  Apply  Eq.(  1 7. 13)  to  the  kettle  and  water. 

Execute:  kettle 

Q - me  AT.  c - 910 1kg  K (from  TahV:  1 7.3) 

Q - (1.50  kgK9IO  1kg  KK&5.CFC  - 20.<TC)  - 8.873  x 1 04  J 


water 

O - me  AT,  c - 4 1 90  1kg  K (from  TahV:  1 7.3) 

Q - (1.80  kg*4l90  Jig  K*85.0:C  - 20.0°C)  - 4.902-  10'  J 
Tixal  0-8.873-10*  J-4.902-10*  J-5.79-10'  J 

EVALUATE:  Water  has  a much  larger  specific  heat  caparity  than  aluminum,  so  most  of  the  heat  goes  into  raising 
the  temperature  of  the  water. 

IDENTIFY:  77*  heat  required  is  Q - me  AT.  P - 200  W - 200  Is,  which  is  energy  divide!  by  time. 

Set  Up:  Far  water,  c - 4.19-10'  Jig  K. 

Execute:  (u>  Q -mc&T  - (0.320  kgX4. 19 -10'  Jig  K)60.0C)- 8.04x10*  J 
8.04-10*  J 

(H)r- 


Iculated  in  part  (b)  is  consistent  with  our 


- 402  s - 6.7  nun 

200.0  Sf% 

EVALUATE:  0.320  kg  of  w ater  has  volume  0.320  L.  The  time  we 
everyday  experieore . 

Identify:  Apply  Q-mcAT.  m = wfg. 

SET  UP:  The  temperature  change  is  AT  - 18.0  K. 

_ O gQ  (9.80  mfe’MUSxlO*  J) 

mAT  w\T  (28.4  2*0(18.0  K) 

Evaluate:  The  value  far  c rs  similar  to  that  far  silver  in  Table  17.3,  so  it  is  a reasonable  result. 


2401kg  K. 
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I7J6. 


17.37. 


17.38. 


17.39. 


17.4(1. 


17.41. 


17.42. 


iDEVim  and  SET  UP:  Use  l:q.(17  13) 
Execute:  (u>  Q - mcAT 

r?=y(1.3x|0  4 kg)  - 0.65 x |0  4 kg 


Q - (0.65 x 10  kgKl020J/kg  KH37X-(-2ira)  = 38  J 
<b)  20  bfcathi  nun  (60  nm  1 h>- 1200  breaths  h 
So  O = (1200X38  J)-  4.6 x 104  J. 

Evaluate:  He  brat  low  rale  it  Q't  - 13  \V. 

IDENTIFY:  Apply  Q - me  AT  to  find  Ihc  heat  that  would  raise  the  temperature  of  the  student's  body  7 C. 
Set  Up:  1 W = I Js 


EXECITTE:  Find  Q to  raise  the  body  temperature  from  3?&C  to  44°C. 
Q ^ me  AT  = (70  kg  1(3480  J kg  K)7  C°)  - 1.7x10*  J. 


1.7x10' J 


1200  Ji's 

EVALUATE:  Heat  remov  al  mechanisms  are  essential  to  the  well-being  of  a person. 

IDENTIFY  and  S*:r  UP:  Set  the  change  in  gravitational  potential  energy  equil  to  the  quantity  of  heat  added  lo  the 


water 


EXECUTE:  The  change  in  mechanical  energy  equals  the  decrease  in  gravitational  potential  energy.  AU  - -mgh; 


mgh.  O - \AU  |-  mgh  implies  mcAT  - mgh 


AT  - gh/c  ■-  (9.80  m s*  M225  m>  l4190  J 'lg  • K)  ^ 0.526  K - 0326  C° 

EVALUATE:  Note  that  the  answer  is  independent  of  the  maw  of  the  object.  Note  also  the  small  change  in 
temperature  that  ccvrcsponds  to  this  large  change  in  height! 

IDENTIFY:  The  work  done  by  friction  is  the  lews  of  mechanical  energy.  The  heat  input  fee  a temperature  change  is 
Q - mcAT 


SET  UP:  Tbc  crate  loses  potential  energy  mgh.  with  h = (8.00  m)sin36.9°,  and  gains  kinetic  energy 


rmv 


Execute:  (a)  H'  - mgh  - limi  ■>  (35.0  kg)((9.80  mV'x&.OO  m)im36.9”  -i<2.50  ) = 1.54x  10‘  J. 

<b>  Using  Ihc  result*  of  port  la)  toe  Q gives  AT  ^ <1.54  - 10‘  J>'((3S.O  kg)(36S0  Meg  K>)  = 1-21*  10  ' C*. 
EVALUATE:  The  temperature  nsc  is  very  small 

IDEYTIFY:  71>c  work  done  by  the  brakes  equals  the  initial  kinetic  energy’  of  the  tram.  Use  the  volume  of  tbc  air  to 
calculate  its  miss.  Use  Q - mcAT  applied  to  the  air  to  calculate  AT  for  the  air. 

SETUP:  K=lmv\  m-pY . 

Execute:  Tlie  initial  kinetic  energy  of  the  train  is  A'  - 25,000  kg)l5.5  m s)*  - 3.00  x 10*  J Therefore,  O for 
the  air  I*  3.00x10*/.  or  ~pY  = (1.20  kg/tn‘K65.0  m)(20.0  mHI2.0  tn|  = 1.87x10*  kg.  0 = «ncAr  gives 


AT-2-, 0.IS7  C“. 

me  (1.87  x 10  kg)  1020  J.'kg  K) 

EVALUATE:  The  mass  of  air  in  the  station  is  compirablc  to  the  maw  of  the  train  and  the  temperature  nsc  is  small 
IDENTITY:  Set  K - yim  ‘ equal  to  O - mcAT  for  the  nail  and  solve  for  AT. 

Set  Up:  Foe  aluminum,  c -0.91x1 0*  1kg  K. 

EXECUTE:  The  kinetic  energy  of  the  hammer  before  it  strikes  the  nail  is 

K ^ Lmr 2 ^ 4.(180  kgHT.80  m s)J  - 54.S  J Each  strike  of  the  hammer  transfers  0.6(H54.8  J)  - 32.9  J.  and  with 


1 0 strikes  O - 329  J.  Q = mcAT  and  A T - — 


j 


45.2  C* 


(8.00x10  kgX0.9l  x |0  Jkg  K) 

Evaluate:  This  agrees  with  our  experience  that  hammrred  nails  get  noticeably  wanner. 

IDEMin  and  .SET  UP:  Use  tb:  power  and  time  to  calculate  the  heat  input  Q and  then  use  liq ( 1 7. 1 3>  to 
calculate  c. 

(a)  Execute:  P - (Vi.  so  the  total  heat  transferred  to  the  liquid  is  O - Pi  - (65.0  \V|<  120  s)  - 7800  i 


Then  O - mcAT  gives  c - — ,vl1  k 2.51  x 10;  Tfcu  K 

mAT  0.780  kg(22.54'5C-l8.55cC) 

<l»)  EVALUATE:  Then  the  »:lual  Q transferred  to  the  liquid  is  less  than  7800  J so  the  actual  c is  less  than  our 
calculated  value:  our  result  in  part  (a)  is  an  overestimate. 
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17.43. 


17.44. 


17.45. 


17.46. 


17.47. 


IDENTITY:  Q = mcAT*.  The  mass  of  ;j  moles  is  m = nSI . 

SKI  t'P:  For  iron.  M - 55.S4S  ■ 10  1 kg  mol  and  c = 470  J.kg  K 

EXECUTE:  (u>  The  nu«  ot‘3.00  n»il  » m - n\1  = <3.00  mo!)(S5.B45  x 10  ' kgrool)  = O.I675  kg. 

AT  = Q'mc  = IR950  J)/[(0.I675  kgl!470  J 'kg • K>)  — 1 14  K - II4C. 

(b)  For  « - 3.00  kg.  AT  = Qmc  = 6.35  C:. 

Evaluate:  (c)  The  result  of  part  fa)  is  much  larger  3.00  kg  is  more  material  than  3.00  mod. 

iDf.vim : The  latent  heat  of  fusion  is  defined  by  ()  - ml n for  tbc  solid  -♦  liquid  phase  transition  Foe  a 

temperature  change.  O - mc&T. 

SEE  UP:  At  / = I min  the  sample  is  at  its  nxltmg  point  and  at  / - 2.5  min  all  the  sample  has  n*rltcd 
EXECUTE:  (u)  It  takes  1.5  min  for  all  the  sample  to  nvlt  once  its  melting  point  is  reached  and  the  beat  input 
during  this  tin*:  interval  is  (1.5  min  1(10.0 x 10  J mm)  - 1 .50x10*  J Q-mLr 
L £ 1.50xl04  J 


m 0.500  kg 
(h)  The  liquid's  temperature  rises 
Q 1.50x10' J 
10.500  kBX30  n 


- 3.00x10*  I. kg. 

30  C;  In  1.5  min.  O-uicAr. 
= 1.00x10'  J/kg  ■ K. 


The  .solid's  temperature  rises  ISC"  in  1.0  nun.  c 


<> 

m\T 


00»I0‘  } 


1.33x10*  Jlg  K. 


(0.500  kgXlSC1) 

EVALUATE:  The  jpccific  heat  capacities  for  the  liquid  ami  solid  states  an:  different.  The  values  of  c and  that 

we  calculated  are  within  the  range  of  values  in  Tables  17.3  and  17.4. 

IDENTITY  and  SET  L’P:  Heat  comes  out  of  the  metal  and  into  the  water.  The  final  temperature  is  in  the  range 
0 <T  < lOCTC.  so  tber:  arc  no  phase  changes.  OiLtia  - 0. 

(a)  Execute:  Q ^ = 0 

+^^7.^  = 0 

(1.00  kg)f4190  J.lg  KX2.0C*)-f  (0.500  kgl(c^)(-78.0  0 = 0 
= 215  Jlg-K 

(b)  E VALLATE:  Water  has  a larger  specif*:  heat  capacity  so  stores  more  heat  per  degree  of  tcn$>craturc  change. 

(c)  If  scene  heat  went  into  the  styrofoam  then  Q%m0d  should  actually  he  larger  than  in  part  fa),  so  the  tme  clmtU  is 
larger  than  we  calculated:  the  value  we  caleuiited  would  be  simller  than  the  true  value. 

IDENTITY:  Apply  O - ikAT  to  each  object.  The  net  heat  flow  Ot  >t)|  for  the  system  (min.  soft  dnnki  is  zero. 
SET  UP:  Tbc  mass  of  1 .00  L of  water  is  1 .00  kg.  Let  the  man  be  designated  by  tbc  subscript  m and  the  "‘water" 
by  w.  T is  th:  final  equilibrium  temperature.  =4190  J.kg  K.  AJ^  - A7J . 

Execute:  (a)  =o  gives  m.c.Ar..^,c,Ar,  =o.  *.cjr-£>+*.cjr-rw>»o. 

~T)‘  m.C.  (T  - r. ).  Solving  for  T.  T - ' ’/  ’ ' 

m.C.,  + msC, 

r (70.0  kg  I 1.34X0  i.kg  • K)  (37.0"C)-»  (0.355  kg  I (4 190  Jkg  -C~)  (I2.0°C)  „ ow. 

(70.0  kg X 34SO  Ji'kg  • C")  -f  (0.3S5  kgl  (4190  J.kgC*) 

(b)  It  is  powiblc  a sensitive  digital  thermometer  could  measure  this  change  since  they  can  read  to  0.1°C.  It  is  best 
to  refrain  from  drinking  cold  fluids  poor  to  orally  measuring  a body  tcmfvrature  due  to  cooling  of  tbc  nxiuth. 
EVALUATE:  Heat  comes  out  of  tbc  body  and  its  temperature  falls.  Heat  goes  into  the  soft  dnnk  and  its 
temperature  rises. 

IDENTITY:  For  the  mans  body,  O = me  A 7*. 

Set  Up:  From  Exercise  17.46.  AT  - 0.15  C3  when  tbc  body  returns  to  37.0’C. 

Execute:  The  rate  of  heat  low  is  O/t.  2 !'*'  and  t - yyy 

, - >-<>  **' kg)34SI)Jkg  C-,,0. 15C-,  = 000525  d M ? 6 minutc, 

7.00x10*  J 'day 

EVALUATE:  Even  if  all  the  BMR  energy  slays  xn  the  body,  it  takes  the  body  several  minutes  to  return  to  its 
norma!  temperature. 
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I7.4S.  iDIAim  : For  a temperature  change  O - mcAT  and  for  Ihc  liquid  to  solid  phase  change  Q - — ml * . 

S»:  r L'P:  Foe  water,  c * 4. 1 9 x 10*  J kg  K anil  L,  =334-10'  1kg 

EXECUTE:  Q- m:\T-mL,  ■ <0.350 kg)([4.19x I0l  lfcg-KI-lg.OC°|-3.34xlO'  J.kg)= -1.43x10*  J The 

nun ik  sign  says  l.43x  10*  J must  be  removed  from  the  water.  <1.43x10*  Jij  ^ ^ -3.42*10*  cal  -34.2  kc&L 

EVALUATE:  O < 0 when  heat  comes  out  of  an  objort  the  equation  Q - me' AT  puts  in  the  correct  sign 

automatically,  from  the  sign  of  AT  - Tt  - T.  But  in  Q - ±1.  we  must  select  the  coned  sign. 

17.49.  iDCVim  and  St:  r L'P:  Use  l:q(l?  13)  for  the  temperature  changes  and  Eq.(  17.201  for  th:  phase  changes. 
Execute:  I leat  must  he  adekd  to  do  the  following 

ice  at  -10.0:C-*kcat<rC 

<?..  “«c^r  = (!2.0xl0  1 kgM’lOOJikg • KMO'C -(-lO.CFC))  - 252  J 
phase  transition  ice  (OX*)  — * liquid  water  (0C)  (mcitiog) 

- rml,  - (12.0-10  ' kgM334xl0‘  J.kgl  - 4.00S- 10*  J 
water  al  O'C  (from  melted  ktc  -»  water  at  I00XT 

-*«\.*..Ar  = (12.0x10  1 kgX4l90  Jfcg ■KKIOO’C-O'C) - 5.028 x 10*  J 
phase  transition  water  <100”C)  -»  itcam  ( 100*0  (boiling) 

Q,4  =•"!<■.  -112.0-10  ' kg*2256xl0’  J.lg>  = 2.707x10*  J 

The  total  Q b Q=  252  J r 4.008  xl0‘  J»  S.02Sx  I01  J - 2.707 x 10*  J - 3.64 . 10*  J 

(3.64x10*  JH1  cal'4.IS6J)  = 8.70xl0'  cal 

(3.64x10*  JMI  BtulOSS  J)  = 345  Btu 

Evaluate:  Q is  positive  and  heat  must  be  added  to  the  matenal.  Note  that  more  heat  is  needed  for  the  liquxi  to 
gas  phase  change  than  for  the  temp^aturc  chmg.cs. 

17.50.  iDENIin : O - mcAT  for  a temperature  change  and  O - •/*/.,  for  the  solid  to  liquid  phase  transiticei.  The  ice 

starts  to  melt  when  its  temperature  reaches  0.0:C.  The  system  stays  at  0.00° C until  all  the  icc  has  melted 
SKI  L'P:  For  »ec.  e = 2.01  x I0‘  J kg  K.  For  water.  L,  = 3.34  x 10*  J kg 

EXECUTE:  (■)  O to  raise  the  temperature  of  »(  to  O.OO'C: 

Q -mc\T  - (0.550  kg  K2.01xl0‘  Mcg-KXISO  C°)=  1 66x10*  J.  I - 166,10  1 = 20.8  min. 

800.0  J min 

<b|  To  nx‘lt  all  the  ice  requires  O - mL  -(0.550  kg 'H3.34xlO*  J.'kg)  - 1 .84x10*  J.  / - 1 - - 230  min 

SOO.O  J man 

The  total  time  after  the  start  of  the  healing  is  251  nun. 

<c>  A graph  of  T versus  f is  sketched  in  Figure  1 7.50. 

EVALUATE:  It  takes  much  longer  for  the  ice  to  melt  thin  it  takes  th:  icc  to  reach  th:  trailing  point. 


iw 


100  200  XO  4<i)  500 

Figure  1730 

17.51.  iDEVnn  and  SET  L’P:  Use  EqX  17.20)  to  cakulatc  Q and  then  P - Qit . Must  convert  the  quantity  of  ice  from  lb  to  kg. 
EXECUTE:  "two- ton  air  conditioner"  means  2 tons  1 4010  lbs)  of  ice  can  h:  frozen  from  water  at  0*C  in  24  h.  Find 
the  mass  m that  corresponds  to  400)  Ih  (weight  of  w ater):  m - (4000  IbX  1 kg'2.205  !b)=  1814  kg  (The  kg  to  lb 
equivalence  from  Appendix  E has  been  used,  t The  heat  that  must  h:  removed  from  the  water  to  freeze  it  is 
Q - - mL,  - -<1814  kgX334x  I0;  Jig)  - -6.06x  I O'  J.  The  pawn  required  if  thin  in  to  be  dooc  In  24  haunt  i* 

P-lL  ' ' ' 1 7010  W or  f - (7010  WK(1  BnvhV<0.293  W))  = 139x10*  Blub. 

l (24  h)(360O  % I hi 

EVALUATE:  The  calculated  power,  the  rate  at  which  heat  energy  is  removed  by  the  unit,  rs  equivalent  to  seventy 
100AV  light  bulbs. 
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17.54. 


17.55. 


17.5*. 


17.57. 


Identify:  Fora  temperature  change.  O - meST.  For  the  vapor  — > liquid  phase  transition.  Q - —mLt . 

S»:r  L'P:  For  water.  L.  =2.256.10“  1kg  and  .=4.19.10'  Jig  K. 

Execute:  (u»  @ = +«(-£,  ? cbT) 

(?  = »<2S.0xl0  ‘ kgll -2.256. 10“  J.kg  . |4.19«10*  1kg  K)|  - 66.0CD  = -6.3J- 10“  J 
(b)  Q = mcAT  =(25.0.10  1 kg*4.19.IO‘  J/kg- KM  - 66.0C‘,»  = -6.91.10*  1. 

(cl  The  total  heal  released  by  th:  water  tint  Marls  as  steam  is  nearly  a factor  often  larger  than  the  beat  released  by 
water  that  starts  at  100°C.  Steam  hums  are  much  more  severe  than  hot-water  burns. 

EVALUATE:  For  a given  anxiunt  of  material,  the  h:at  for  a phase  change  is  typically  much  more  thin  the  h:at  for 
a temperature  change. 

IDENTIFY  and  SET  l*P:  Th:  heat  that  must  be  added  to  a lead  bullet  of  mass  m to  nwlt  it  is  Q - me  Si  * wf, 

( me  ST  is  the  heat  required  to  raise  the  temperature  from  25°C  to  the  nulling  point  of  327.3°C;  m is  th:  heat 
required  to  make  the  solid  — » liquid  phase  change. ) The  kinetic  energy  of  tie  bullet  if  its  speed  is  v is  K - i/wr*. 


EXECUTE:  K =0  says  rwvj  - meST ♦ ml^ 

V = ^2 «Ar  + l,» 

v = J:|(l 30  Jig • K)(327.3:C  - 25°C) -t  24.5  x 10'  J. kg)  ^ 357  m s 

Evaluate:  This  is  a typical  spxd  for  a rifle  bullet.  A bullet  fired  into  a block  of  wood  skies  partially  melt,  but  in 
practice  not  all  of  the  initial  kinetic  energy  is  converted  to  heat  that  rermins  in  the  bullet. 

Idevhjy  : Foe  a temperature  change.  O - meST.  For  the  liquid  — > vapor  phase  change.  Q - -twL  . 

SK  T L’P:  The  density  of  water  is  1 000  kg  m ’ 

EXECUTE:  l u)  The  heal  that  goes  into  mass  nt  of  water  to  evaporate  it  is  O - +m£a . The  h:at  flow  for  the  man  is 


Q-m^eST.  where  ST  - -1.03  C°.  -0  so  mL^m^cST  ansi 

* - kg  - 101  g. 

L.  2.42  x 10  J.kg  * 6 

(b)  V - — — 1 1 ? 1.01  X 10  4 m‘  - 101  cm  This  is  about  2S%  of  the  voluire  of  a soft  drink  can. 

p 1000  kg/m 

EVALUATE:  Fluid  loss  by  evaporatii>n  from  the  skm  can  be  significant. 

1DE\  llFY : Use  O - McST  to  find  O for  a temperature  rise  from  34.0°C  »o  40.0:C.  Set  this  equal  to 


0 - mi.  and  solve  for  m.  where  m is  the  mass  of  water  the  cairel  would  have  fo  drink. 


SET  UP:  c - 3480  J kg  K and  /..  = 242  x I (f  J ig.  For  water.  1 .00  kg  has  a volume  1 .00  L.  M - 400  kg  is  the 
maw  of  the  carrel. 


Execute: 


The  mass  of  water  that  the  camel  saves  is  ni  - 


Mi  ST  (400  kgX34S0  J kg  Kilb.OK) 
L,  " (242  xW  Mg) 


- 3.45  kg 


which  is  a volume  of  3.45  L. 

EVALUATE:  This  rs  nearly  a gallon  of  water,  so  it  is  an  appreciable  savings. 

I DEN  I1FY:  The  asteroid’s  kinetic  energy  is  K - i^mv'.  To  boil  the  water,  its  temperature  must  be  raised  to 
I00.0°C  and  the  h:at  needed  for  the  phase  change  must  be  added  to  th:  water. 

SET  L'P:  For  water,  c = 4190  J.kg  K and  L.  = 2256. 10*  J.kg. 

Execute:  K =4(2.60. iff’  kgX32.0.IO‘  m'i»;  - 1.33. 101'  J.  Q = nc\T  + mL.. 


* = —2 ' X,-I<rl = 5.05.10'“  kg. 

cST+L  (4190  J kg  K H90.0  K ) r 225*  x 1 0*  J,  kg 

Evaluate:  The  mass  of  water  boiled  is  2.5  times  the  mass  of  water  in  Lake  Superior. 
iDEMIfrY:  Apply  O - me  ST  to  the  air  in  the  refrigerator  and  to  the  turkey. 

SET  Up:  For  the  air  m,.  - pV 

Execute:  m_  = (1 .20  kg  m Ml  50  m')  = I SO  kg.  O - m,.c„AT  -t  m,c,Ar. 


(>  = <[1.80  kg](!020  Jitg ■ K ] -t [10.0  kg|(3480  lkg  K1M-1S.0C")  - -5.50.10*  J 
EVALUATE:  Q is  negative  because  beat  rs  removed.  5%  of  the  heat  renxived  comes  from  the  air. 
IDENTIFY:  O - me  ST  for  a temperature  change.  The  net  O for  the  system  (simple,  can  and  water)  is  zero. 

SET  UP:  For  water,  c.  = 4. 19  x 10*  J/kg  • K.  For  copper.  = 390  J.  kg  K. 


1 7.58. 
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17.61. 


17.62. 


Execute:  For  the  water,  ft*  ^m^AT^  = 10.200  kgX4. 19  x 10*  J.kg KM7.1  C-)*  5.95x10*  J 
lor  the  copper  can.  ft  =iw.cfcA7.  *<0.150  kgX390  J.kg  KX7.I  0-415  J. 

For  the  ample,  ft  * = (0.085  kg*\<-73.9  C% 

£ft-0  gives  (0.085  kg)(-73.9  C*)c.  + 415  Jr  5.95x10*  J-0.  <;  = 101x10*  J kg  K. 

Evaluate:  Heat  comes  out  ot'tbc  sample  and  goes  into  the  water  and  the  can.  The  value  of  ct  we  calculated  is 
consistent  with  the  values  in  Table  17.3. 

IDENTIFY  and  St:  r UP:  Heat  flows  out  of  the  water  and  into  the  ice.  The  net  heat  flow  for  the  system  is  zero.  The 
ice  warms  0°C.  melts,  and  then  the  water  from  the  melted  ice  warms  from  0°C  to  th:  final  temperature. 

EXECUTE:  = 0;  calculate  ft  for  each  component  of  the  system:  (Beaker  has  small  mass  says  that 

ft  - mcAT  tor  beaker  can  be  rcglectcd.  ( 

0.250  ku  of  water  (cools  from  75.0:C  to  30.0°C» 

ft„ta  - mcAT  -(0.250  kg)f4190  Jig  - KX30.0'5C-  75.0°C)  - -4.714x  104  J 

ice  (warms  to  0°C;  melts;  water  from  melted  kc  warms  to  30O°C) 

ft..  - mcttAT  + mL,  ^rncmmmAT 

Q„  -»j[(2I00  Jilg- KH0-C  - l-’O.ITC)) » 334  - 10 ' J .kg  .(4190  J kg  K KSO.O’C  - 0t  || 

<?..  -(5.017- 101  J.kglm 
=0  0 


-4.714-10*  3.(5.017x10'  J kgkw^O 

m*  J7l4x|°,J  - Q.»40  kg 
5.017x10  J.kg 

Evaluate:  Since  the  final  temperature  is  30.0°C  we  know  that  all  th:  ice  melts  and  the  final  system  is  all  liquid 
water.  The  mass  of  ice  added  is  much  less  than  the  mass  of  the  75°C  water:  the  kc  requires  a large  heat  input  for 
the  phase  change. 

IDENTIFY : For  a temperature  change  ft  - mcAT.  For  a melting  phase  transition  ft  - uiZ,  The  net  ft  for  the 
system  (simple,  vial  and  ice)  is  zero. 

SET  Up:  Ice  remains,  so  the  final  temperature  is  0.0:C.  Tor  water,  L,  - 3.34  x 10*  Jig, 

EXECUTE:  For  the  samp*:,  ft  = m.c.Ar.  =<16.0x10  ‘ kg K2250  Jig  KH- 19.5  C3)* -702  J.  For  the  vial, 
ft  ^mc\AT%  =(6.0x|0  1 kgX2800  J kg  • K K-19.5  C°)  = -328  J.  For  tbc  icc  that  melts,  ft  = «Z*.  £ft  = 0 gives 
ml.  - 702  J - 328  J - 0 and  m = 3.08  x 10  1 kg  = 3.08  g. 


Evaluate:  Only  a small  fraction  of  the  ice  meltsx  Th:  water  for  the  melted  >cc  remains  at  0°C  and  has  no  beat 
flow. 

iDLMin  and  S*:r  UP:  Large  block  of  icc  implies  that  *:c  is  left,  so  7]  = 0°C  (final  temperature).  Heat  conxs 
out  of  the  ingol  and  into  the  ice.  The  net  heat  flow  is  zero.  Th:  ingot  lias  a temperature  change  and  the  icc  has  a 
phase  change. 

Execute:  ft  =0;  calculate  ft  for  each  coir$ioncnt  of  the  system: 


Qm  < - mc&T  - (4.00  kgX234  J/kg-KHO'C  - 750*0  = -7.02x10'  1 


ft m — -tin  Lt . where  m is  the  mass  of  the  xc  that  changes  phase  Imcltsi 
-7.02-10'  J. ml .334 -101  J.kg) - 0 


7.02x10'  J 


ITT  — 


= 2.10  kg 


334x10*  J.kg 

EVALUATE:  The  liquid  produred  by  the  phase  change  remains  at  (PC  since  it  is  in  cceitact  with  ice. 

IDSMIFY:  The  initial  temperature  of  the  »:c  and  water  mixture  is  0.0’C.  Assume  all  the  ice  melts.  We  will  know 
that  assumption  is  incorrect  if  the  final  tcmfvrature  we  calculate  is  less  than  0.0&C.  The  net  ft  fee  th:  system  (can, 
water,  ice  and  lead)  is  zero. 


Set  Up:  For  copper,  t\  = 390  J kg  K For  lead,  ct  = 1 30  J kg  K.  For  water,  r.  = 4. 19  x 10*  J kg  K and 


=3.34x10*  J.kg. 
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17.63. 


17.64. 


17.65. 


17.66. 


Execute:  Foe  the  cupper  tan.  Q.  - m..Ar  - <0. 100  kg )(390  JlgKHF  - O.CfC)  = (39.0  VK)T. 

For  the  water,  Q , -m.c.\T.  -<0.160  kgt(4 19.  10*  Jig  K* r-0.0**C>  = (670.4  XK)T. 

For  the  ice.  Q,  - m.L,  t /*e„A T, 

Q.  = (0018  kgK3.34»  10'  Jig  K).  (0.018  kg*4.19«IO*  Jig-  KHr-0.0;Ci  - 6012  J -f  (75.4  VK)T 
lor  the  lead.  O - mp,\T,  - (0.750  kg  Hi  30  J.kg  K*F- 255°C)  - <97.5  JK)T  - 2.4K6- 104  J 
£(?  = 0 give*  (39.0  JXir-  (670.4  J Kir  . 6012  J .(75.4  J'K)-<97.5  J KIF-  2.4K6- 10'  J - 0. 

1.4-C. 

882.3  J/K 

EVALUATE:  T > O.O^C,  which  confirms  thit  all  the  >cc  melts. 

Identify:  Set  -0.  for  the  system  of  water*  ice  and  steam.  O - me  AT  fora  temperature  change  arxl 

Q - 1ml.  for  a phase  transition. 

Set  L'P:  For  water,  c - 4190  J.kg  K.  L,  -334.10*  J.kg  and  L - 2256.10*  J.kg. 

EXECUTE:  The  vteam  both  condenses  and  cools,  and  the  *:c  rralts  and  heats  up  along  with  the  original  water. 
w.L,  ♦ ^<28.00°)  -f*i,c(28.0  C*)  — + *U«c<-72.0  Cft)»0.  The  mass  of  steam  needed  is 

10.450  kgH  334  - 10  J kg)  - 1 2.85  kg  II 4 190  J kg  ■ K «2S,0  (") 

2256.10’  J'kg-.(4I90  J kg  KM72.0C1) 

Evaluate:  Since  the  final  temperature  is  greater  thin  0.0°C.  »e  know  I Kit  all  the  ice  melt*. 

Ill 

IDKXIIFY:  //  = kAATJL  and  k - - 

AAT 

SET  UP:  The  SI  units  of//  are  watts,  the  units  of  area  are  m* . the  temperature  difference  is  in  K.  the  length  rs  i 

meters,  so  the  SI  units  for  thermal  conductivity  are  J — ! 

|m|[K)  m K 

EVALUATE:  An  equivalent  way  to  express  the  units  of  k is  J'(s*  m K). 

IDENTITY  and  SET  L’P:  Th:  temperature  gradient  ts  <r„  - Tc  )(L  and  can  he  calculated  directly.  Use  Eq.( 1 7.21 ) I 
cakuhtc  the  h:at  current  //.  In  part  (c)  use  7/  from  pari  <b)  ansi  apply  Eq.(  1 7.2 1 ) to  the  12.0<m  section  of  the  left 
end  of  the  rod.  T.  - Tu  and  7]  - 7*.  the  target  variable. 

Execute:  (a)  temperature  gradient  = ( T H - Tc  )•’/.  ^ (IflO.tTC  - O.OX>0.450  m = 222  C°/m  - 222  K.  m 
(b)  //  a L4(Th  - j;  )!L  From  Table  17.5.  * ^ 3S5  W/m  K,  so 
7/  -(385  W/m  K)(  1.25x10  4 nf  )(222  K m»=  10.7  W 
(cl  //  - 10.7  W for  all  sections  of  the  rod 


» 


'c 


Figure  17.65 

Apply  H-ka\T?L  to  the  12.0  cm  section  (Figure  17.65):  Ti{-T  - LIlkA  and 

T-T-U,!Ak  = I0O0-C- 73.3’C 

(1.25x10*  m*K385  W/m  K> 

EVALUATE:  //  is  the  same  at  all  points  along  the  rod.  so  A7/Ar  is  the  sjmc  for  any  section  of  the  rod  with  length 
Ay.  Thus  (rM-rV(12.0cm)  = (7M-JJV(45^an)  gives  Hut  rM=r«26.7C°  and  r- 73.3PC,  w we  already 
calulitcd 

IDENTIFY : Foe  a trailing  phi.se  transition.  Q - ui  /n  . The  rate  of  heat  conduction  is  — — — — 

SET  UP:  For  water,  1,  ^ 3.34  x 10*  J.  kg. 

Execute:  The  heat  coodraled  by  the  rod  in  10.0  mm  is 

O - «/,  - (8.50.  10  ' ku  1(3.34  - 10  Jig)  - 2.84.10*  J £ " ' 1 4.73  W. 

!2L.  - 227  W/m  K. 

.4<r„-r,)  ii.25.io' m-xioorj 

Evaluate:  The  h:at  conducted  by  th:  rod  is  the  heat  that  enters  the  ice  and  pcodracs  the  phase  change. 
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17.67. 


17.68. 


17.69. 


17.70. 


IDKVIUY  and  SET  UP:  Call  tb:  temperature  at  the  interfere  between  the  wood  and  the  styrofoam  T.  The  heal 
current  in  each  matenal  is  given  by  //  - kA{Tu  ~ Tc  )*X. 

r 


r - 10(»"C 


r,  - mt'c 


Sec  Fig  me  1 7.67 

Meat  current  through  the  wood:  it  ^ - k^A(T  - Tt  )Lt 
Meat  current  through  the  styrofoam:  //  - k.AiT.  - TVL 


Figure  17.67 

In  steady-state  heat  does  not  accumulate  xn  citbrr  nviterial  The  same  heat  has  to  pass  through  both  materials  in 
succession,  so  // , — ll%. 

Execute:  (a)  This  implies  k^AiT-T^I^  - ktA(T:  -T\<L, 
k„L.(T-7)=k^(T,-T} 

r tj.r,  -00176  W • T.  K . <10057  VV-CK  . . ^ 

0.00206  W/K 

EVALUATE:  The  temperature  at  the  junction  is  much  closer  in  value  to  7*  than  to  7J.  The  styrofoam  has  a very 
large  A*.  so  a larger  temperature  gradient  xs  required  for  than  for  wood  to  establish  the  same  heat  current. 

(b)  IDEM  in  and  SET  t’P:  I leal  flow  fvr  square  meter  is  IL  - k | t L.  ; We  can  calculate  this  citlx-r  for  the 


wood  or  for  the  styrofoam;  the  results  must  be  the  jumc. 

Execute:  wood 

!L^LlL, <0.0X0 W.m • K ,'-5ST  ,-|<,0',n  = . . w. 

A L w 0.030  m 

styrofcom 

IL  s *. liZL  , <0.0.0  Wta  K , ‘>™T-<-S-yC»  « . I WW. 

A L,  0.022  m 

EVALUATE:  //  musi  be  the  same  for  both  materials  and  our  nunx*r»:al  results  show  this.  Doth  materials  an:  good 

insulators  and  the  heat  flow  is  very  small 

iDEvnFV: 

r L 

SET  Up:  Ti{  - 7*t  - 1 75 °C  - 35°C.  I K - I C\  so  tlx-rc  is  no  need  to  convert  the  temperatures  to  ielvins. 

Execute:  ,n>  £.  w „,kh!  ,%w 

/ 4.0x10  *m 

(h>  The  power  input  must  be  196  W.  to  replace  the  beat  conducted  through  the  walls. 

Evaluate:  The  brat  current  is  ximll  because  k is  small  for  fibrrglass. 

IDENTIFY:  Apply  Eq.(  17.23)  Q =■  lit. 

Set  Up:  1 Btu  - 1055  J 

AM  (I25A*%X34P) 

R f 30  ft’  •P’-bBtui 

Evaluate:  With  the  given  units  of/?,  we  can  use  >4  in  ft*.  M in  ¥°  and  fin  h.  and  the  calculation  then  gives 
O in  Btu. 

O kA\T 

IDENTIFY:  — Qft  is  the  sure  for  both  sections  of  the  rod. 

SETUP:  For  copper.  A;  ^385  Wm-K.  For  steel,  k.  =50.2  W.m  K 


Execute:  The  energy  that  flows  in  time  / is  O - lit 


(5.0  h)-  70S  Btu  = 7.5x10*  J. 


O (385  W.  m - K (4.X  x 10  * m*  Kl0O&C-65.O’C> 


EXECUTE:  la)  For  the  copper  sectKin.  — 


- 5.39  J.x. 


13W  m 


_ . . t kAM  (50.2  W/m  K)t4.00x  10  4 m:H65.0°C  -0°C)  A __ 

(h>  For  the  steel  section.  L - . ^ ^ 0.242  m. 

EVALUATE:  The  thermal  ccnductivity  for  steel  is  much  less  than  that  for  copper,  so  for  the  same  AT  and  .( 
smaller  L for  steel  would  be  needed  (or  the  san*:  heat  current  as  in  copper. 
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17.71. 


17.72. 


17.73. 


17.74. 


17.75. 


17.76. 


IDSXIHY  and  SET  Up:  Th:  heat  conducted  through  the  bottom  of  the  pot  goes  into  the  water  at  IOO°C  to  convert 
it  to  steam  at  IOO°C.  We  can  caVrulatc  the  amount  of  h\it  flow  fn>m  the  mass  of  material  that  changes  phase.  Then 
use  I:q< 1 7.2 1 ) to  calculate  T4.  the  temperature  of  the  lower  surface  of  the  pun. 


Execute:  O = ml  - (0.39:  kg)<2256-IOl  Jig)  = 8.79S- 10'  J 
//  - 0>l  - S.79S-  I o'  J'ISO  % = 4.888x10*  J It 

then  H.kAtJa-TrVL  ay:h*  r.-F,  - UL  J4*1**  10  1(1  ’ ">  - 5 .32  C- 

kA  (50.2  WVm  KK0.l50m‘  ) 


r„  =r,  -f  5.52  c^ioooc* 5.52  c°^  105. $°c 


EVAUUTE:  The  iirger  - Tc  rs  the  larger  //  is  and  the  faster  the  water  boils. 

IDENTIFY:  Apply  Iiq.<  1 7.2  It  and  solve  for  A. 

SET  UP:  The  area  of  each  circular  end  of  a cylinder  is  related  to  the  diameter  D by  A - *R'  - .r<  D/2 )j.  For 


steel.  X*  ^ 50.2  W 'm  K.  The  booling  water  has  T ^ 100:C  so  AT  - 300  K. 

Execute:  and  1501fr-(S0.2  \V/m-K),ll  j This  gives  .1-4.98x10  ‘ m\  and 

D - j4A.'x  =^4(  4.9S  x 10  1 -8.0x10  * m - 8.0  cm. 

EVALUATE:  //  iixrcascs  when  A increases. 

IDEMIFY:  Assunx:  the  temperatures  of  the  surf&rcs  of  the  window  are  the  outside  and  insxle  temperatures.  Use 
the  concept  of  thermal  resistance.  For  part  (b)  use  the  fact  that  w hen  insulating  materials  arc  in  layers,  the  R values 
are  additive. 

SET  UP:  From  Table  1 7.5.  k = 0.8  Wftn  • K foe  glass.  R - Uk. 

Execute:  (a)  For  the  glaa.  R 1 — 6.S0xl0  ' m'  Ki'W. 

6 0.8  W'i'm  • K 

,F  .1  ID  ,.,KJ  50  ,-.,H39  5 Kl  , |>|0.  w 

H 650-10  ' m'  -K/W 

<b>  For  the  piper.  K - — — '''  — 0.015  m1  • KW.  The  K*al  R I*  R - K -t  R t -0.0215  rn'KAV. 

0.05  VV/m  • h 

„^,^‘-r,).<|.40|n<:.5,m»395K,_(.4)|0>  ft. 

R 0.0215  m*  K.  W' 

Evaluate:  The  layer  of  paper  decreases  the  rate  of  heat  loss  by  a f:*^or  of  about  3. 

IDFAI1FY:  The  rate  of  energy  radiated  per  unit  area  is  — - c<rT* . 

A 

SET  Up:  A blaekbody  has  e - I . 

ii 

Execute:  (u>  -l-(lHS«i7-lo ' w.m'  K‘H27.:  ki*  -315  w/m* 

A 

<b)  il-  (11)5.67  -10  • W.m*  K')(2730K)* -3.15-10*  \V'mJ 
A 

EVALUATE:  WTicn  the  Kelvin  temperature  increases  by  a factor  of  10  the  rate  of  energy  radiation  increases  by  a 
factor  of  I04. 

IDFA I1FY:  Use  Eq.l  1 7.261  to  calculate  l!imt . 

SET  Up:  //t-  = AcoiV-T?)  (Eq.<  17.26);  T must  he  in  kelvins) 

Example  17.16  gives  .4-1.2  m\  r = 1.0,  and  T - 3(TC  - 303  K (body  surface  temperature  1 
T = 5.0*C  - 278  K 

EXECUTE:  Hm  = 573.5  W - 406.4  W = 167  W 

Evaluate:  Note  that  this  is  larger  than  calculated  in  Example  1 7.16.  The  lower  temperature  of  the 
surroundings  increases  the  rate  of  heat  loss  by  radiation. 

IDFA  IlFN : The  net  heat  current  is  //  - .4i\T<  T4  - r*(.  A power  input  equal  to  //  is  required  to  maintain  constant 
temperature  of  the  sphere. 

SET  UP:  The  surface  area  of  a sphere  is  4 rrJ. 

Execute:  ii  - 4.r<0.0150  m>:(0.35X5.67x!0  1 W'm-  K4 8(3000  K I4 -1290  K I4) -4.54 xio4  W 
Evaluate:  Since  3000  K > 290  K and  ii  is  proportional  to  T \ the  rate  of  emission  of  heat  energy  is  much 
greater  than  th:  rate  of  absorption  of  heat  energy  from  the  suiroundingx. 
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17.77.  iDT.vim : Use  Eq .( 1 7.261  to  calculate  A. 

SET  UP:  //  - AcaT*  so  A ^ Hi  cat 

150AV  and  all  electrical  energy-  consumed  is  radiated  ays  H m 150  W 

i <;o  vy 

Execute:  A ^llxlO4  m*(lxl04  cm^m:>  = 2.1cm* 

(035X5^7x10  WVnT  K4)(24S0  K) 

Evaluate:  Light  bulb  filaments  are  often  in  the  shape  of  a tightly  wound  coil  to  increase  the  surface  area:  larger 
A means  a larger  radiated  power  //. 

17.78.  iDfXnrY:  Apply  //  - A&tT4  and  calculate  A. 

SET  UP:  For  a sphere  of  radius  A - 4.rtf J . a - 5.67  x 10*  W.'m2  K4.  The  radius  of  th:  earth  is 

- 6.38  x 10' m.  th:  radius  of  the  sain  is  R - 6.%  x 10*  in.  and  the  distance  between  the  earth  and  the  sun  is 
r a 1.50x10"  m. 


Execute:  ITic  radhis  is  found  from  R - !—  - . ' - J— — L 

4.t  V 4*  Vimf* 


(a)  /?.  = I <2-HIO  VV> ! 1.6.*ltf'm 

\ 4.t(5.67*  10  ' WiW  Kill  I.OOO  K)' 


«•>  ft.  - 


(2.10*10-'  W) 


--5.43*10‘  m 


43(5.67  * 10  ' W in  K ' ) (IO.OCO  K) 

EVALUATE:  (c)  The  radius  of  Pmcyon  B is  comfurablc  to  that  of  the  earth,  and  the  radius  of  Rigcl  is  comparable  to 
the  earth -sun  distarxe . 

17.79.  iDEMl^  and  SET  UP:  Use  th:  temperature  difterence  in  M°  and  in  C°  between  the  melting  and  boiling  posits  of 
mereurv  to  relate  M°  to  C*.  Also  adjust  for  the  different  zero  points  on  the  two  scales  to  gel  an  cquition  for  7\,  in 
terms  of  Tc. 

(a)  Execute:  normal  nxHting  point  of  mercury  -39°C  - 0.0°M 
normal  boiling  point  of  mercury:  35?:C  - 100.0:M 
100.0°M  = 396  C:  so  I M°  = 3.96  C3 

Zero  on  the  M scale  is  -39  on  the  C scale,  so  to  obtain  L multiply  7\f  bv  3.96  and  then  subtract  39": 


rt  = 3.967;,  -39 
Solving  for  T 


7t 


The  ncxmal  boiling  point  of  water  is  100'C;  - -^(lOff^  39=)  - 35.I°M 

(b)  10.0  M"  = 39.6  C° 

EVALUATE:  a M°  is  larger  than  a C*  since  it  takes  fewer  of  them  to  express  th:  dilVcretxc  between  the  boiling 
and  melting  points  for  mercury. 

IDENTIFY:  Apply  A L - L,aAT  to  the  radius  of  the  hoop.  The  thickness  of  the  space  equals  th:  irxrcasc  in  radius 
of  the  hoop. 

SET  Up:  The  earth  has  radius  Rx  - 6.38x10*  m and  this  is  the  initial  radius  R,  of  the  hoop.  For  steel, 
o-l  ’*10'  K 1 K-IC*. 

Execute:  Tlie  increase  in  th:  radius  of  the  hoop  would  be 

Aft  - RtiAT  = 16.38  -Iff  mXl.2*IO  K 'X0.5  K)  = 38  m. 


Evaluate:  Even  tliough  \R  is  large,  the  fractional  change  in  radms.  A R'Rt.  is  \ery  small. 

17.81.  iDf.vilTV:  The  volunx  increases  by  Af  - VJiAT  and  the  miss  is  constant,  p = m'F. 

SET  UP:  Copper  has  density  pti  - 8.9  x 10*  kg/m1  and  coefficient  of  volume  expansion  jf  - 5. 1 x 10 A (Cc>  \ The 
tube  is  initially  at  temperature  7*,.  lias  sides  of  length  Lr  volume  F§,  density  pD,  and  coctVicient  of  volum: 
expansion  fl. 

EXECUTE:  la)  When  the  tcmfvraiure  increase  to  Tt  ♦ AT.  the  volume  changes  by  an  amount  AF.  where 
A V - fll'AT.  Then.  />- — . or  eliminating  AF,  />■  . Divide  the  top  and  bottom  bv  F and 

f0+af  * ' 1 ? 0 

substitute  p - Thm  p - - — r.  This  can  be  rewritten  as  p - p i I + flAT  | Thm  using  the  expression 

I + flAT 

(I  ♦ x)*  * I +IW,  where  n - p - pt(\  - fi\T).  This  is  accurate  when  flAT  is  small,  which  is  the  case  if 
A 7*  <C  Vfl.  Vfl  is  i>n  the  order  of  10*  C°  and  AT  is  typically  about  10’  C*  or  fcss.  so  this  approximition  is  accurate. 


17.82. 


17.83. 


17.84. 


17.85. 
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(b)  The  copper  cube  has  sides  of  fcngth  1 .25  cm  - 0.01 25  m and  A 7*  = 70.0X  - 20.0:C  - 50.0  C°. 
AKs/n'tAr«(S.lxlO'*(C’)  ,X0.0125m)‘(50.0C°)»5xl0^mi.  Similarly. 
p - (8.9  x 1 01  kg’m'Wl-lS.IxlO1  (CVX  50.0  C*»  = 8.877xl0‘  kgm\  Therefore.  A/?  = -23kgm\ 

EVALUATE:  When  the  temperature  increase*,  the  volume  decreases  and  the  dmuty  increase*. 

IDENTIFY:  i*  = ijF'P  - yjFL'nx.  Fee  the  fundanxntal.  X -1L  and  f - ^ . F%  I and  X c hinge  when  7* 

changes  because  L changes.  AL  - LaAT,  where  L is  the  original  length. 

SETUP:  For  copper,  a - 1.7  x 10  ' (C°) 

EXECUTE:  (u)  We  can  u*c  differential*  to  find  the  frequeexy  change  because  all  length  change*  are  small  percents. 

A/  * — AL  (only  /.  chances  due  to  heating).  AT  - — (FfmL ) 1 '(FfmU-VL2 IAL  -if  ij—  j—  - i f— 

(1L  \ * 1 ml  ) L L 

A / = -4<aAr»/  = -iri.7xlO  * (C9)  *)(40  C°X440  lb)  = -0.15  lb.  The  frequency  decrease*  since  th:  length 


increases 


w ai -—a/..  I-ln.7x.o-* <cy'x4QC’)-3.4».o---o 

v JFL/m 


034%. 


CL 


2L  2 2 

AX 

3 


(d)  X = 21  so  Aa  = 2AL  ->  ^ = «AT.  Ill  - (1 .7  x 10  ' (O’* ) 40  C°>  = 6.8  x 10  4 ^ 0.068% 

^ increase*. 

Evaluate:  The  wave  speed  and  wavelength  increase  when  the  length  increase*  and  the  frequency  decreases. 
The  percentage  change  in  the  frequency  is  -0.034%.  The  fractional  change  in  all  tlxsc  quantities  is  very  small. 
iDEMitx  and  SET  L'P:  Use  l:q.(  17.8)  for  the  volume  expansion  of  the  oil  and  of  the  cup.  Both  the  volume  of  the 
cup  and  the  volume  of  the  olive  oil  increase  when  the  temperature  increase*,  but  fi  is  larger  for  the  oil  so  it 
expands  more.  When  the  oil  starts  to  overflow,  At'4  *A1^  ♦ (1.00  x 10  m).l.  when:  A k the  crews  sectional 
uea  of  the  cup. 

Execute:  AV^  = Vlsip4A  T = (9.9  cm  \ApuAT 
= V^P^AT  = (10.0  cm)A/J#l%Ar 
(9.9  cmlA/^Ar-flOOcmlA^Ar  ^(1.00x10  1 m U 
The  A divides  out.  Solving  for  AT  gives  AT  = 15.5  C° 

Tm  = 7]-*  Ar  = 37.S°C 

Evaluate:  If  the  expansion  of  the  cup  is  neglected,  the  olive  oil  will  have  expanded  to  fill  the  cup  when 

(0. 100  cmM  = (9.9  c mtffi^T.  so  AT  - 15.0  C°  and  T3  - 37.0’C.  Our  result  k slightly  higher  thin  this.  The  cup 

il*o  expands  but  not  very  much  since  flgJmA  Pi4. 

dV:dT 

IDFXTIFY : Volume  expansion:  dV  = fiY  dT.  p - 


SET  Up:  dWdT  is  the  sk»pc  of  the  graph  of  V versus  T the  graph  given  in  Figure  1 7. 1 2 in  the  textbook. 

EXECUTE:  p S,>  ^ 1 1 “ Canstiucl  th:  tangent  to  the  graph  at  2°C  avd  8°C  and  measure  th:  slope  of  this  line. 


At  22 °C:  Slope  * - 


V 

j 10  cm 


1 c 


ind  V » 1000 cm*,  p * >--3 *10  1 (C°)  *.  The  slope  in  negative,  a*  the 


QUO  cm 


water  contract*  or  it  k heated.  At  8°C:  slope  =»  !L * and  V * 10)0  cm  . p * " ~ * ( » 6x  10  ' (C9)  *, 

^ 4 C°  ' I W0  cm 

The  water  now  expands  when  heated. 

EVALUATE:  P > 0 when  the  material  expand*  when  heated  and  //  < 0 when  the  imtcrial  contracts  when  it  is 
heated.  The  minimum  volume  is  at  about  4°C  and  p has  opposite  signs  above  and  below  this  tcmpverature. 

I DEN  nn : Use  Eiq.l  1 7.6)  to  find  the  c hinge  in  diameter  of  the  sphere  and  the  change  in  length  of  the  cable.  Set 
the  sum  of  these  two  increase*  in  length  equal  to  2.00  mm 


Ski  L'P:  a,  -2.0- 101  K 1 and  1.2*10  ' K . 


EXECUTE:  Ai  - )AT. 

2.00*10  ‘ m 

2.0*10'  K 1 )|0JS0  ml » (1.2*  10  1 K MI0.5  m) 

EVALUATE:  The  chance  in  diameter  of  the  bras*  sphere  is  0.10  mm.  This  is  small,  but  should  not  be  neglected. 


AT- 


- 1 5.0  Cc.  T -T.-t  AT  - 35.0°C. 
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•.h?. 


7. 


7. 


IDENTIFY:  Conservation  ot*  energy  says  £ -0,  where  O and  g are  the  heat  changes  for  the  dhanol  and 

cylinder.  To  find  the  volume  of  ethanol  that  overflows  calculate  W for  th:  ethanol  and  foe  the  cylinder. 

SET  L'P:  For  ethanol.  c,  - 2428  I.  kg  K and  /f.-75<IO'  K *. 

Execute;  (■>  a*fl. 0 give*  m.c.iT,  10.0‘C]> . bicJT,  - 20.0“CI) = 0 

_ <2O.0°C)nt  *•  -(IOOTWi  <•  _ (20.0“CK0.ll0ks)(840WB  K)-(IO.O°CUO.OB73 kgX2428 Mb  K) 


(0.W7J  kgX242K  I ks  K) . (0  1 10  ksHK40  I ks  K I 


-271.6'C 


-O.S92°C. 


(75x10  1 K ')(I0S  cm‘ll-0.S92'C -I-IOOVD - "tO.738  cm*. 


104.4 

(*»  A'-  -WM 

A>; -P.KXr -<1.2-10  ' K 'KlQScm'X-O.S92°C-20.0aCI- -0.0271  on1.  The  volume  that  overtlow*  i* 

0.738  cm'  -<-0.0271  cm')-0.76S  cm1. 

Evaluate:  The  cylinder  cools  so  its  volume  decrease*.  The  elhanal  warm*,  so  its  volume  increase*.  The  sum  of 
the  magnitude*  of  the  two  volume  changes  give*  the  volume  that  overflows. 

IDENTIFY  and  S*:r  UP:  Call  th:  metals  A and  B.  Use  th:  data  given  to  calculate  a for  each  metal. 

Execute:  ax  - l^p&T  so  a - AX’(f*Ar» 

meal  A Mb5°  ""  » 2167. 10  < (C>‘ 


metal  B a - 


AX 


(30.0  cmXlOO  vry 
0.0350  cm 


167x10  5 (C°> 


' LJL T (30.0  cmH  100  C7) 

EVALUATE:  x,  *md  AT  are  the  sanx.  *o  the  rod  that  expand*  tlic  most  has  the  larger  a. 

Idev  iify  and  SET  U P:  Now  consider  the  composite  rod  (Figure  1 7.87).  Apply  I:q.<  1 7.6).  The  target  variables  are 
La  and  X*  the  lengths  of  the  metal*  A and  8 in  the  composite  rod. 


*>.0cm  / 


AT -100  C° 
A/.  - 0.058  cm 


Figure  17.87 

Execute:  AX  » AX,  + A Lk  = (aALA  + AT 
AX* AT*  --  atLA  +*#<0.300  m - X, ) 

i 


AX  'AT -(0.300  muz,  (0.058x10°  m> 1 00  C=)- (0.300  mXI.  167 x 10  UC3)  ') 


1.01x10  * (C*(  ' 

7.0  cm 

The  expanded  of  the  compo*ite  rod  i*  similar  to  that  of  nxl  1.  *o  the  composite  rod  i*  mostly 


aA~a» 

L = 30.0  cm  - L - 30.0  cm  - 23.0  m 


EVALUATE: 
metal  A. 

IDENTIFY:  Apply  A V - \\0\T  to  the  gasoline  and  to  the  volume  of  the  tank. 

SETUP:  For  aluminum.  0^7.2x10  # K 1 L-10  ' m\ 

Execute:  (u)  The  lost  volume.  2.6  L.  is  th:  difTerencc  between  the  expanded  volume  of  the  fuel  and  the  tank*, 
and  the  maximum  temperature  difference  is 

AK  (2.6x10°  m4) 


V 


(/(.,  - A,  ~ (9.5x10  4 (C:r‘ -7.2x10  4 (C:1  Hl06.0xl0  ' in> 


- 2S  ( 


The  maximum  temperature  wa*  32 9C. 

(b)  No  fuel  can  spill  if  the  tanks  arc  filled  Just  before  lakcotY. 

Evaluate:  Both  the  volume  of  the  gasoline  and  the  ca parity  of  the  tank*  increased  w hen  T increased.  But  0 is 
larger  for  gasoline  than  for  aluminum  so  the  volume  of  the  gasoline  increased  more.  When  the  tanks  have  returned 
to  4.0=C  on  Sundiv  morning  there  is  2.6  1.  of  air  space  in  the  tanks. 

IDENTIFY : The  change  in  length  due  to  heating  is  A Lf  - L/iAT  and  thw  need  nnt  equal  AX.  The  change  xn 

length  due  to  the  tension  is  A L,  - Set  AX  - AX, 

/I ) 


At,. 

1-5x10'*  (CV.  =20xltf"  Pi 


SKI  UP:  <r„_  - 2.0x1  O'1  (C“)  '.  a„ 

Execute:  (a)  The  change  in  length  it  due  to  the  tension  arxl  beating  . - -J—  » oAT.  Solv  ing  fix  F/A, 

l.  A) 


17.90. 


17.91. 


17.92. 
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(b)  The  brass  Kir  is  given  as  '’heavy"  and  the  wires  are  given  as  ’Tine,"  so  it  may  be  assumed  that  the  stress  in  the 
bar  dire  to  the  fine  wires  dues  not  affect  th:  anxiunt  by  which  the  tur  e.\(Mnds  due  to  the  temperature  increase.  This 
means  that  AL  is  not  /en>.  but  is  the  amount  ay^LitAT  that  the  brass  expands,  and  so 

-120x10”  PaX2.0»l0  ' (C)'1  -1.2x10"'  (C*)  HI20C-)  = 1.92-10*  Pa 
A 

EVALUATE:  The  fcngth  of  the  brass  bar  increases  more  thin  the  length  of  the  steel  wires.  The  wires  remain  taut 
ind  are  under  tension  when  the  temperature  of  the  system  is  raised  above  20X7. 

IDENTIFY:  Apply  the  equation  derived  in  port  la)  of  Problem  17.89  to  the  steel  and  aluminum  sections.  Th:  sum 
of  the  AL  values  of  the  two  sections  must  be  zero. 

Sl  I LP:  For  Med.  i = 20.10"  Pa  and  = 1.2-10*  <CV.  For  aluminum.  > = 7.0-10"  Pa  arkl 
a = 24x10 '(C1)'- 

EXECUTE:  In  deriving  Eq.(  17.12).  it  was  assumed  that  AL  - 0;  if  this  is  not  the  ease  when  \\ktc  arc  both  thermal 


ind  tensile  stresses.  Eq.  < 17. 12)  becomes  AL  - L,\  aAT  -t  — J.  (See  ProMem  17.89.)  For  the  situation  in  this 

A Y 

problem,  there  are  two  length  changes  which  must  sum  to  zero,  and  so  Fq.(l7.12)  may  he  extended  to  two 
materials  a and  b in  the  form  aMAT  + -i—  j • L, , a%  AT  * -i—  J - 0.  Note  that  in  the  above,  AT.  / and  A are 

the  same  for  the  two  rods.  Solving  for  th:  stress  FiA%  — - — — AT. 

a t<Ljr.)+(U!Y,)t 

- °2'U)  i^M)m>,|2.4,::i -irv,. 0250  m,  # P| 

A ((0.350  m/20  x iff  Pal  ♦ (0.250  m/7  x ,0“  Pa)) 

Evaluate:  Ff  A is  negative  and  the  stress  is  compressive.  If  the  steel  rod  wjs  considered  alone  and  iLs  length 

was  held  fixed,  the  stress  would  be  AT  - -1.4  x 10*  Pa.  For  the  aluminum  rod  alone  the  stress  would  be 

-F  a AT  = —,.0x10*  Pa.  The  stress  for  the  combined  rod  is  the  average  of  these  two  values. 

(a)  IDENTIFY  and  Sl/l  UP:  The  diameter  of  the  ring  un&rgocs  linear  expansion  (increases  with  T)  Just  like  a 
solid  steel  disk  of  the  same  diameter  as  the  hole  in  the  nng.  Heat  the  ring  to  make  its  diameter  equal  to  2.5020  in. 

Execute:  AL  - aL  AT  so  AT  - — M1":i>  66.7  C° 

L,a  (2.5000  m.KI.2xl0‘*(C*)' ') 

T = T%  t AT  20.<TC  + 66.7  C*  = 87°C 

(b)  IDENTIFY  and  SET  Up:  Apply  the  linear  expansion  equation  to  the  diameter  of  the  brass  shaft  and  to  the 
diameter  of  the  hole  in  th:  steel  ring. 

Execute:  L-L*{\+oAT) 

Want  (steel)  - i ^ (bras s)  for  the  same  AT  for  both  materials:  1^(1  -*  aKAT)  - 1^(1  + at£T)  so 
Lu*I^a^T^l,+L..a,AT 

^-r  i,,-*,.  25020  in, - 2.5000  «n 

” -L.fi,  ~ (2.5000  in.)|l.2x  10  '(C)  ‘>-(2.5050  in.»2.0- 10  '(CV) 

Ar- . 

3.00x10  ' -5.00x10  ’ 

T = >,  * A>  = 20.CTC  - 100  C » -80°C 

EVALUATE:  Both  diameters  decrease  when  the  temperature  rs  lowered  Kit  the  diameter  of  the  brass  shaft 
decreases  more  since  a%  >at;  [A/,.1  - |A£J  - 0.0020  in. 

IDENTIFY:  Follow  the  derivation  of  liq.t  1 7.12). 

SET  UP:  For  steel,  the  hulk  modulus  is  B - 1 .6x10"  Pa  and  the  volume  expansion  coefficient  is 
p = 3.0xl0‘*  K '. 

Execute:  (u)  The  change  in  volunx  due  to  the  temperature  increase  is  fiV AT.  and  the  change  in  volume  due 

y . Ap 

tlic  pressure  mercase  is  --^Aj).  Setting  the  net  change  equal  to  zero.  fiVAT  - ) ’ -j-.  or  Ap  - BjA  V . 

(h)  From  the  above.  A#»»(lfixl0"  Pa«3.0-10  ' K ')(I5.0  Kl  = 8.6- 10;  Pa 

Evaluate:  A/?  m part  (b)  is  about  K50  atm  A snail  temperature  increase  corresponds  to  a very  large  procure 


rc  --looc 


increase 
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17.93. 


17.94. 


17.95. 


1 7.%. 


IDENTIFY:  Apply  Eq.(l 1.14)  lo  the  volume  increase  of  the  liquid  du:  lo  the  prenun:  decrease.  Eq.(I7.S)  gives 
the  volume  dxreasc  of  the  cylinder  and  liquid  when  they  are  cooled.  Can  think  of  the  liquxl  expanding  when  Ibe 
pressure  is  reduced  and  then  contracting  to  the  new  volume  of  the  cylinder  when  the  temperature  is  reduced. 

SET  UP:  Let  //,  and  fiUt  be  the  coefficients  ofvolunv  expansion  for  the  liquid  and  for  the  metal.  Let  A T be  the 
(negative!  change  in  temperature  when  the  system  is  cooled  to  the  new  temperature. 

Execute:  ('lunge  :n  volume  of  cylinder  whrncool  AT,.  - (negative) 

Change  in  volume  of  liquid  when  cool:  Af',  -/H'VAr  (negative) 

Tlie  difference  AJ*  - Af(J  must  be  equal  to  the  negative  volume  change  due  to  the  increase  xn  pressure,  which  is 
-ApVJB  - -kApV+  Thus  \VX  - Af'..  - -*Ap*u- 
kAp 


AT 


A - A. 


(8.50*10  ® Pa ')(50.0  Jlm«1.0l3x  10' Pa'l  aim) 

AT  — ■ ■ — -9.S  C 

4.80x10"*  K '-3.90x10*  K 1 

T - T,  -t  AT  - 30.0°C  - 9.8  C*  ^ 20.2°C. 

Evaluate:  A modest  temperature  change  poxluces  the  same  volume  change  as  a large  change  in  pressure; 
B*fl  for  the  liquid. 

Identify:  0 - 0.  Assume  that  the  normal  melting  point  of  iron  is  above  745°C.  so  the  iron  initially  is  solid. 

Snip:  For  water,  r - 4190  Meg- K and  I.  -2256*10'  J.'kg.  Foe  solid  iron  c-470J:kgK. 

Execute:  The  heat  released  when  the  Iron  dug  cools  to  100'C  « 

Q-mc&F  - (0.1001  kgl(4~0  Jig  ■ KX645  K|  - 3.03*10'  J.  The  heal  ahtoibed  when  the  tentfwrjture  of  the  water 
is.  ratted  lo  I00°CB  O- me AT  - (0.0750  kgM4!90  J.lg  K II 800  K>- 2.51*10'  ).  This  is  less  than  the  heal 
released  from  the  iron  and  3.03*10'  I - 2.51  * 10*  J - 5.20*  I0‘  J ofheat  is  availabk  for  converting  some  of  the 

liquid  w ater  at  100'C  to  v apor.  The  maw  m of  water  that  boils  it  nt  130*  10  ' ku  - 2.3  g 

2256  -Kf  J kg  - 6 

(a)  The  final  temficratuie  is  10C°C. 

(h)  Tliere  is  75.0  g - 2.3  g - 72.7  g of  liquid  water  remaining,  so  the  final  mass  of  the  iron  are!  remaining  water  is 
172.7  g. 

EVALUATE:  If  we  ignore  the  phase  change  of  the  water  and  write 

- 745*0)  * - 200’C  | - 0.  when  we  solve  for  T we  will  get  a value  larger  than  100°C.  Tliat 

result  is  unphysical  and  tells  us  that  seme  of  the  water  changes  phase. 

(a)  IDENTIFY:  Calculate  K!Q.  We  don’t  know  the  mass  m of  the  spacecraft,  but  it  divides  out  of  the  ratio. 

SET  UP:  The  kinetic  energy  is  K - i-mi  *.  The  heat  required  to  raise  its  temperature  by  600  C3  (but  not  to  melt  it) 
is  O - me  AT. 


EXECUTE:  The  ratxt  is  — - -I 


"I- 


(7700  m si 


- 54.: 


Q mcAT  2rAT  2(9 1 0 J.'kg  K H 600  C77) 

(b>  KVAIt  ATE:  The  brat  generated  when  friction  work  (due  to  friction  forec  exerted  by  the  air l removes  the 
kinetic  energy  of  the  spacecraft  during  reentry  is  very  large,  and  could  melt  the  spacecraft.  Manned  space  vehicles 
must  have  heat  shields  made  of  very  high  melting  temperature  materials,  and  reentry  must  he  made  slowly. 

I DEN  I1FY : The  rate  at  which  thermal  energy  is  being  generated  equals  the  rate  at  which  the  net  torque  due  to  the 
rope  is  doing  work.  The  energy  input  associated  with  a temperature  change  is  O - me  AT. 

Set  Up:  The  rate  at  which  work  is  bring  done  isP  = w.  For  iron,  c - 470  J kg  K.  1 C°  - 1 K 

EXECUTE:  (Ul  The  net  torque  that  the  rope  exerts  on  the  capstan,  and  lienee  the  net  torqu:  that  the  capstan  exerts 

cm  the  ron:.  is  the  ditTcrcnec  between  the  forces  of  the  ends  of  the  rope  tinxs  the  radius  of  the  capstan.  The  capstan 


is  doing  work  on  the  rope  at  a rate  P - no  - F r 


2.T  rad 


(520  N)(5.0*  10 * m| 


2.7  rad 


IK2  W,  or  180  W to 


T '(0.90  s) 

two  figures.  A larger  number  of  turns  might  iixreasc  the  forec.  but  for  given  forces,  the  torque  is  independent  of 
the  numbrr  of  turns. 

(182  W) 


[b>  = _ 

( me  me 


- 0.064  Cys. 


16.00  kgX470  J/kg-K) 

EVALUATE:  The  rate  of  temperature  rise  is  proportional  to  the  difference  in  tension  between  the  ends  of  the  rope 
ind  to  the  rate  at  which  the  capstan  is  rotating. 
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17.97.  I DIM  in  and  Jit:  T UP:  To  calculate  Q,  use  Eq.(l7. 1 81  in  the  form  dQ  - nCdT  and  integrate.  using  C(T)  given 

in  the  problem.  C4J  is  obtained  from  I:q.(  17.19)  using  the  finite  temperature  range  instead  of  an  infinitesimal  dT. 
Execute:  (i)  dQ-medT 

q - »f  c jr  - r/j  'nr‘.**‘idr  - r </r  - >(^ r*  | [ 


«c.ia 


4(281  K) 
83.6  I 


- 1.86  J.'mctl  • K 


7 


A/  1 .50  moll  40.0  K - 10.0 

<c)  C-ATf.'©)*  = (1940  Jt'mol  K 1(40.0  K.k281  K>‘  =5.60  J mol  K 

Evaluate:  C is  increasing  with  7*.  so  f’at  the  upper  end  of  the  temperature  integral  is  larger  than  its  average 
value  over  the  interval. 

IDEMIFY:  For  a temperature  change.  Q - mc&T9  and  for  the  liquid  ->  solid  phase  change.  Q - -inL, . 

SET  UP:  The  volume  of  the  water  Apennines  its  mass  m „ = pj\.  For  water,  pm  - 1000  kg  m\ 
c = 4190  J.  kg  K and  L,  =334x10*  Meg. 

Execute:  Set  the  heat  energy  that  flows  into  the  water  equal  so  the  final  gravitational  potential  energy. 

Ltpm V»  A7*  - «i£/j.  Solving  for  k,  and  inserting  numbers: 

(1000  kg/m,X1.9«0.8x0.1m,)(334xl0‘  J/kg-»(4l90  J/kg  10(370“)] 

(70  kgK9K  mjt1) 

* - I.OHxlO' m - 10S  km 

EVALUATE:  The  fo:at  associated  with  temperature  and  phase  changes  corresponds  to  a large  amount  of 
mechinical  energy. 

17.99.  IDENTIFY:  Apply  O - rncAT  to  the  air  in  the  room. 

SET  Ip:  Tbcnraifairinlbcroomii  hi  - p*f  - (1.20  kg  m‘x3’00  m*)  - 3H40  kg.  I W-IJS 
EXECUTE:  (u»  Q - (3(HXI  x)(90  Mudcnt*  1(100  lit  student)  - 2.70  x I O’  J. 


lb)  Q - me  AT.  A T -1L 


1.70-10'  J 


5.89  er- 


ic) AF  - (6.89  C°) 


me  ( 3mI)  kg  II 1 010  l.'kg  K i 

W1 


-19.3  C. 


100  W ) 

EVALUATE:  In  th:  absence  of  a cooling  mechanism  for  the  air.  the  air  temperature  would  rise  signifcantly 
17. 100.  IDENTIFY:  dQ  = nCdT  so  for  the  tcrc*>craturc  change  7J  -+  Ty  Q-  ;jJ  C<  T \dT. 

SET  UP:  j dT  = T and  J TdT  =4  T1.  Express  T and  T in  kelvins  T{  - 300  K.  T}  - 500  K 
Execute:  Denoting  Cbv  C = a + hT.  a and  h independent  of  temperature,  integration  gives 


Q-»\ 


Q = (3.00  molX29.5  J/m:l  K)(50QK -300  K) +(4.10x10  1 J/mo!  K'H<50  K)* -(300  K)J)). 

(3=  1.97x10*  J. 

EVALUATE:  If  C is  assumed  to  have  the  constant  value  29.5  J mol  K.  then  Q - 1 .77  x 104  J for  this  temperature 
change  At  T{  =300  K.  C = 32.0  J mol  • K and  at  Tx  = 500  K,  C = 33.6  tool  K.  The  average  value  of  C is 
32.8  X'lrol  K.  If  C is  assumed  to  be  constant  and  to  have  this  average  value,  then  O - 2.02*  104J.  which  is  within 
3%  of  the  correct  value. 

17.101.  IDENTIFY:  Use  Q - mLt  to  find  the  h:ai  that  goes  into  the  ice  to  nx*lt  it.  This  amount  of  heat  must  be  conducted 
through  the  walls  of  the  box:  Q- Ht.  Assume  the  surfaces  of  the  styrofoam  have  tenperaturcs  of  5.00°C  and  2 1.0°C. 
Set  L'P:  For  water  L,  - 334- 10’  !kg.  For  Styrofoam  t *0.01  W.  m K.  One  week  » 6.048x10' s.  The  surface 
ircu  of  the  box  is  410.500  mWO-KM  m)r  2(0.500  m)-  - 2.10  m;. 


Execute:  Q ^ ml,  - (25.0  kg)(3J4xl0'  J;kg)- 8.016*  I0‘  J.  II  -LI—  — Q^lh  gives 

L _ Itt<r„  -7; ) (6.l>18«10*  xWQ.01  \V.‘m  - KK2.I0  mi)(2I.Q"t  -S.OO'f)  , 5 
Q ~ 8.016x10"  J 
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EVALUATE:  Wc  have  assumed  that  tlic  IxjukI  water  that  is  produced  by  melting  the  ice  remains  in  thermal 
equilibrium  with  the  ice  so  hat  a temperature  of  0:C.  The  intcrice  of  the  box  and  the  ice  are  not  in  thcrmil 
equilibrium,  since  they  have  different  temperatures. 

17.102.  IDEMIFY:  For  a temperature  change  O - me  AT.  For  the  vapor  > liquid  phase  transition.  Q - -mLt  - 
SETUP:  For  water.  c = 4I90  Meg  K and  L.  - 2256. 101  J kg. 

EXECUTE:  The  requirement  that  the  h:at  supplied  in  each  case  is  the  same  gives  - m,(c,Ar,  + 1^  ), 

where  AT,  -42.0  K and  AT]  =65.0  K.  The  ratio  of  the  masses  is 
e AT  (4190  J.*u-KX42.0K| 


- I).069t>. 


mA  c.AT.  + I'  (4190  J/kg  KX65.0  K>r  2256x  10‘  J;kg 
so  0.0696  kg  of  steam  supplx-s  the  same  heat  as  1.00  kg  of  water. 

EVAlilATE:  Note  the  heat  capacity  of  water  is  used  to  tind  th:  heat  lost  by  the  condensed  steam,  since  the  phase 
transition  produces  liquid  water  at  an  initial  temperature  of  lOO'XT. 

17.103.  (a)  IDENTIFY  and  Sn  llr:  Assume  that  all  the  kc  melts  and  that  all  the  steam  condenses  If  w e calculate  a final 
temperature  T that  is  outside  the  range  0*C  to  IOO°C  then  we  know  that  this  assumption  is  inroncct.  Calculate  Q 
for  each  piece  of  the  system  and  then  set  the  total  - 0. 

Execute:  copper  can  (changes  temperature  form  0.0°  to  V no  phase  change) 

- mcAT  - (0.446  kgX390J,'kg- K>  r-0.0°C)  = <173.9  J,'K»r 
ice  (melting  phase  change  and  then  the  water  produced  warms  to  T) 

Q t - +mly  ♦ mcAT  -(0.0950  kg«334x  ltflkg)* (0.0950  kg  |<41 90  J kg  Kxr-0.0°C> 

Q„  »3.l73xl04  J*  (398.0  JK»r. 

steam  i condenses  to  liquid  and  then  water  pnxluccd  cools  to  T) 

O—  - -mL,  + mc&T  - -(0.0350  kg«2256»  10*  J.'kg) - (0.0350  kg  114190  J kg  K»T - 100.0,|C) 

Q,_,  --7.S96.I0'  I (146.6 J/K)7" - 1 .466 * 10*  J - -9.362. 10'  J + (146.6JK)r 
fi, ... i ■ 0 implies  * ft,  ♦ = 0. 

(1 73.9  J Kir  . 3. 1 73  « 10'  J - (39S.O  JK)7  -9.362  - 10'  I (146.6  J K>7  - 0 
(7IS.5JK)r-6.IS9. 10'  J 
6.IS9-10*  1 


l 


7 IS. 5 J.K 

EVALUATE:  This  is  between  0°C  and  IO0°C  so  our  assumptions  about  the  phase  changes  bring  complete  were 
correct. 

(b)  No  ice.  no  steam  0.0950  kg  -♦  0.0350  kg  = 0.1 30  kg  of  liquid  water. 

17.104.  iDt.MIt^ : The  final  amount  of  ice  is  less  thin  the  initial  mass  of  water,  so  water  remains  arxl  the  final  temperature 
is  (FXT.  The  ice  added  warms  to  0*C  and  heat  conxs  out  of  water  to  convert  it  to  ice.  Conservatism  of  energy  says 
Q,  ♦ {?„  = 0.  where  Q and  Qm  are  the  heat  flows  for  the  ice  that  is  added  and  for  the  water  that  freezes. 

SET  UP:  Let  mt  be  the  mass  of  ice  that  is  added  arxl  mf  is  the  mass  of  water  that  freeze*.  The  mass  of  ice 
increases  by  0.328  kg.  so  nr  + = 0.32S  kg.  For  water,  - 334  x 10*  J ig  and  foe  ice  c = 2100  J kg  • K.  Heat 

conxrs  out  of  the  water  when  it  freezes,  so  O,  = -ml^ 

Execute:  Q + Q =0  gives  me (15.0  C°)  + (-«  L ) « 0.  m = 0.32S  kg  - m . so 


(0.328  kg)(334xlO*  J kg  l 
(21M  Jkg  KXI5.0  K)^  334 x 10  J ig 


- 0.300  kg. 


0.300  kg  of  ice  was  added. 

Evaluate:  The  mass  of  water  that  froze  when  the  ice  at  -IS.CfC  was  added  was 
0.778  kg  - 0.450  kg -0.300  kg  - 0.028  kg. 

17.105.  IDENTITY  and  SET  Up:  I leat  comes  out  of  the  steam  when  it  changes  phase  and  heat  goes  into  the  water  and 
causes  its  temperature  to  rise.  Qx:xljm.  - 0.  First  determine  what  phases  are  present  after  the  system  has  come  to  a 
uniform  final  temperature. 

(a)  Execute:  I leat  that  must  be  removed  from  steam  if  all  of  it  cceidenses  is 
- -(00400  kgW22S6-IO'  J.'kg)- -902 » I C J 
Heat  absorbed  by  the  water  if  1 heats  all  th:  way  to  the  boiling  point  of  100°C: 

Q ^ m.  AT  = (0.200  kg  1(4 190  J kg  • KHSO.O  C1)- 4. 19x10'  J 

EVALUATE:  The  water  can’t  absorb  enough  heat  for  all  the  steam  to  condense.  Steam  is  left  and  th:  timl 
temperature  then  must  be  I00°C. 


Temperature  and  He*  17-21 


<b>  Execute:  Maas  of  steam  that  condenses  is  m = Q'L,  =4.19x10*  J 2256x10*  J/kg  -0.0186  kg 
Thus  there  is  0.0400  kg  -0.0186  kg  - 0.0214  kg  of  steam  left.  The  amount  of  liquid  water  is 
0.01  K6  kg  + 0.200  kg  = 0.2 19  kg. 

17.106.  Identify:  ft = 0. 

SET  UP:  The  mass  of  the  system  increases  by  0.525  kg  - 0.490  kg  - 0.035  kg.  so  the  mass  of  the  steam  that 
condensed  is  0.035  kg. 

EVALUATE:  The  brat  lou  by  the  steam  as  it  condenses  and  cools  is 

(0.035  kg)/.,  + (0.035  kgK4!90  J/kg  KM29.0  K).  and  the  heat  gamed  by  the  original  water  and  calorimeter 
is  1(0. 150  kg)(420  J/kg*  K)  + (0340  kgH4 190  J/kg  K 0(56.0  K)  = 8.33 *10*  J.  Setting  the  hcit  lost  equal  to  the 
heat  gained  and  solving  for  gives  2.26*  10*  J/kg.  or  2.3x10*  J/kg  to  two  figures  (the  mass  of  steam 
condensed  is  known  to  only  two  figures). 

EVALUATE:  = 0 nxans  the  magnitud:  of  the  beat  that  flows  out  of  the  0.035  kg  of  steam  as  it  condenses 

and  cools  equals  the  hrat  that  flows  into  the  calorimeter  and  0.340  kg  of  water  as  their  temperature  increases.  To 
the  aceuKKy  of  the  calculation,  ixir  result  agrees  with  the  value  of  L . given  in  Table  17.4. 

17.107.  IDENTIFY:  Heat  fl  comes  out  of  the  lead  when  it  solidifies  and  the  solxl  lead  cools  to  Tt . If  mass  nt.  of  steam  is 
produced,  the  final  teirperature  is  Tt  - 100°C  and  the  heat  that  goes  into  the  water  is 

Qa  =mmCa(2S.O  C°)  + nitL'  where  - 0.5000  kg.  Conservation  of  energy  says  Qx  -t{J#  = 0.  Solve  for  w . 


The  mass  that  remains  is  1 .250  kg  -*  0.5CW0  kg  - m. . 

s»:r  UP:  For  lead.  Lu  - 24.5*  10  ‘ J/kg.  c,  = 130  J kg  K and  the  nocmal  melting  point  of  lead  is  327.3&C.  For 
water  c0  =4190  J/kg  K and  = 2256x10' J/kg. 

Execute:  Q + Qm  =0.  -m,/^  +«/c|(-227.3Cs)  + #w-ew(25.0C°)^«LA  =0. 

„ ■■■/,, i - (25 <u ■ . 

^1.250  kgK24.5.10‘  J.'kg)»  11.250  kgXl30  J tg  K)|227J  K)  -(0.5000  kgH4190  l.'kg  KX2S.0  K| 

* 2256x10*  > kg 

/w. 0.(X)67  kt»  The  mass  of  water  and  lead  that  remains  is  1.743  ku. 

2256x10*  Jig 

Evaluate:  The  magnitude  of  heat  that  comes  out  of  the  lead  when  it  goes  from  liquid  at  327.3°C  to  solid  at 
!00.0°C  « 6 76 X 10*  J.  The  heat  that  goes  into  the  water  to  warm  it  to  I00°C  is  5.24  * 10*  J The  additional  heat 
that  goes  into  the  water.  6.76  x 10*  J -5.24  x 10*  J -1.52*  10*  J converts  0.0067  kg  of  water  at  100*0  to  steam. 
AT 

1 7. 1 08.  1DEN  iify  : Apply  //  - an!  solve  for  k. 

SET  UP:  //equals  the  power  input  required  to  nviintain  a constant  interior  temperature 

Execute:  *-//—-< ikow)  a9*.l0‘  ml  - 5.0*10'*  w/m  K. 

AW  (2.18  m*  1(65.0  K) 

Evaluate:  Our  result  is  consistent  with  the  values  fer  insulating  solids  in  Tabic  1 7.5. 

17.109.  lDt-M»Y:  Apply  H 

SET  UP:  For  the  glass  use  /.  - 12.45  cm.  to  account  for  the  thermal  resistance  of  the  air  films  on  eithrr  side  of 
the  glass 

28.0  C* 


EXECUTE:  (ul  //  -(0.120  J/roolK)  (2.00  x 0.95  nr) :2S-  ( — 

5.0*10  * m -t  1.8*  10  * m 


93.9  W . 


(b)  The  heat  How  through  the  wood  pari  of  the  daor  is  reduced  by  a factor  ot  1 - 
becomes  81.5  W.  The  heat  flow  through  the  glass  is  H = (0.80  J/mol  KX0.50  m):' 


IP-S0>J  -0. 
(2.00  x 0.95) 

28.0  C 


12.45*10  * m 


45.0  W, 


and  so  the  ratio  is  8L5*fS-0  - 1 .35. 

93.9 

EVALUATE:  The  single  pine  w indow  pnxluces  a significant  increase  in  heat  loss  through  the  d:or.  (See 
Problem  17.111). 
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17.1 10.  IDENTIFY:  Apply  Eq.<  17.23). 

I/R. 


HR. 


SKT  UP:  Let  A/, bv  the  temperature  dattcrcnce  across  the  mod  and  let  A T3  be  tt>r  temperature 

A A 

difference  across  the  insulation  The  temperature  difference  across  the  corcfcinatxm  is  AT  - AT{  + ATy  Tlx 

effective  thermal  resistarxe  R of  the  combination  is  defined  by  AT  ■ 

A 

H H 

EXECUTE:  AT  » at;  ♦ AT,  gives  — (R,  + £>)  = — R.  and  R-  Rx- 1 R:. 

A A 

EVALUATE:  a good  insulator  has  a large  value  of  R.  R fee  tlx  combination  is  Lirger  than  the  R for  any  one  of  the 
layers. 

17.1 1 1.  IDENTIFY  and  Sc  r UP:  Use  //  written  in  terms  of  the  thermal  resistance  R.  U - A AT?/?,  where  R - Uk  and 
/<  = /?,-*  R:  -t ...  (additive). 

Execute:  single  pane  R - R'  4 + Rim . where  Ria  - 0. 1 5 m:  K W is  the  combined  thermal  resistance  of  th: 
air  films  on  the  room  and  outdoor  surfixes  of  the  window. 
fl,_  - Uk  - (4.2  -10  ‘ mV'(0.S0  Wrtn  K)  = 0.00525  m:  • K / W 
Thui  ff.  = 0.00525  m1  - K/W  +.15  m' -K/W  - 0.1 553  m;  K i W. 

dcuhV:  pane  = 2 RtiAAA  t Rsi  + /?u,.  where  Rm  is  the  thermal  resistance  of  the  air  space  between  the  panes. 

R..  - Uk  -(7.0-10  1 ml (0.024  W/m  K)  - 0.291 7 mJ  K/\V 

Thui  = 2(0.00525  m1  Kl W) + 0.29 17m'-K t W+0.l5m'K / W - 0.4522  m1  • K I \V 

//.  - A\T/R„  II,  - AATIR,.  so  - 1,  'R.  (once  A and  AT  arc  umc  for  bolh) 

HJHt  = 10.4522  m-  -K/ W)(0.I5S3  m'  - K/W)  = 2.9 

Evaluate:  The  Ixat  loss  is  about  a factor  of  3 less  for  the  double  pine  w indow.  The  increase  in  R for  a double 
pane  is  due  mostly  to  the  thermal  resistance  of  the  air  space  between  the  panes. 

17.1 12.  IDENTIFY : //  - !_lL  to  each  rod.  Conservation  of  energy  requires  that  the  heat  current  through  the  copper 

equals  the  sum  of  the  heat  currents  through  the  brass  and  the  steel. 

SET  UP:  Denote  the  quantities  for  copper,  brass  and  steel  by  1.2  and  3.  respectively,  and  denote  the  temprrature 
at  the  junction  by  1^. 

Execute:  <a>  //  - H3  -*  //,.  Using  Eq.( 1 7.2 1)  arxi  dividing  by  the  cooimoo  area  gives. 


i./ioo’c-ri-ii.r+iir.  solving  for  r gi>«  r 


u u 


|I00*C).  Substitution  of 


numerical  values  gives  T,  = 78.4°C. 

(b)  Using  H - Mat  for  each  rod.  with  A7;  ^ 21 .6  C*.  AT.  ^ AT.  ^ 78.4  C3  gives  //,  ^ 12.8  W.  //.  = 9.50  W 
and  //-  - 3.30  W. 


Evaluate:  In  part  (b).  //,  is  seen  to  be  the  sum  of  H,  and  //,. 

1 7. 1 1 3.  (a)  EXECUTE:  1 leat  must  he  conducted  from  the  water  to  cool  it  to  0°C  and  to  cause  the  phase  transition  The  entire 
vohmx  of  water  is  not  at  th:  phase  transition  temperature,  just  th:  upper  surface  thxt  is  in  ccntact  with  the  xc  sheet, 
(hi  Idem  if Y : The  heat  that  must  leave  the  water  in  order  for  it  to  free/e  must  be  conducted  through  the  layer  of 
ice  that  has  already  been  formed. 

SET  Up:  Consider  a section  of  ice  that  has  area  A.  At  time  / lei  the  thickness  tv  /i.  Consider  a short  tinx  interval  / 
to  t + dt.  Let  the  thickness  that  freezes  in  this  tinx  be  dh.  The  mass  of  the  section  that  freezes  in  the  tinx  interval 
dt  is  dm  - pdV  - pA  dh.  The  beat  that  must  be  conducted  aw  ay  from  this  mass  of  water  to  freeze  it  is 
i JO  - dmL , - (pAL,  )dh.  //  - dQ.dt  - kA(ATfh),  so  the  beat  dO  conducted  in  tinx  dt  throughout  the  thickness  h 


that  is  already  there  is  dO  - kA 


T»~T, 


dt.  Solve  for  dh  in  terms  of  di  and  integrate  to  get  an  expression  relating 


h and  / 


Temperature  and  Heat  17-2.1 


EXECUTE:  Equate  these  expressions  for  dO 

pALdh  - tA\  5 I <h 


% df i - 


(t(TH-TA 


V PL> 

Integrate  fn>m  f = 0 to  time  / At  / - 0 the  thickness  ft  is  /cto. 
h dh =[k{T„-Tc)pL][ di 


-h’  j-,1  h _ 

Pk  \ PL, 


The  thxkncss  after  tinx  t is  proportional  to  Nfr. 

,,lt  . h’pL  (0.25  m)*  (920  kcm>)f334xlOi  Jkg>  , „ , 

(c)  Tlx  expression  in  part  <b)  gives  / — — - 6.0  x 10  s 

2kc(Tu-T()  2(1.6  W/m • K)(0°C - (-1 0*C)> 

f = 170h. 

(d)  Find  r for  ft  - 40  m t is  proportional  to  h\  so  / - 140  mO.25  m)*'(6.00x  101  *)  - 1.5  x l0°  s.  This  is  about 
500  ye ans.  With  our  current  climate  this  will  not  happen. 

EVALUATE:  As  the  kc  slxd  gets  thicker,  the  rate  of  heat  conduction  through  it  decreases  Part  (d)  shows  that  it 
takes  a very  long  time  fora  moderately  deep  lake  to  totally  freeze. 

17.1 14.  iDIXIltY : Apply  Eq.(l7.22)  at  each  end  of  the  short  element.  In  part  {hi  use  the  fact  that  the  net  heat  current  into 
the  elenxnt  provides  the  Q for  the  temperature  increase,  according  to  O - me  A7\ 

SET  UP:  dT tdx  is  the  temperature  gradient. 

Execute:  (u)  If  M3S0  W/m  KM2.S0x|03 4  m*'xl40  CVm) - 13.3  W. 

Q \T  XT 

(b)  Denoting  th:  two  ends  of  the  element  as  1 and  2.  //>  - me . where 0.250  CVs. 


'.I 


dT  r dT  (XT  \ _ 

— -kA — -/rx\ The 

dx  . dx  , I t 


ii 


mass  mis  pAXx%  so  Li — I - kA — I t! ( 


ft 


u’j 


peAxf  A r 


a 


KA — - 140 C mi 


(1.00-10*  kgi'm* 1(520  J'kg  • K 1(1.00x10  1 mWO.250  CD/s< 


174  C;  m. 


3 HO  W/m  K 

EVALUATE:  At  steady-state  temperature  of  the  short  element  is  no  longer  changing  and  //,  - H;. 

1 7. 1 1 5.  I DEN  IUV : n>e  rate  of  heat  coodiKtian  through  the  walls  is  1 .25  kW.  Use  the  cooecpt  of  thermal  resistance  and 


the  fact  that  when  insulating  materials  are  in  layers.  the  R values  are  additive. 

SET  UP:  The  total  area  of  the  four  walls  is  2(3.50  m)<2.50  m)  ♦ 2(3.00  m)(2S0  m)  ^ 315  nr 
r.-r 
li 


R,  - — 
'v. 


* 0.060  Wm  K 

-^aDd*,i»  ,*50x,°",n 


* 7;4  - r4  ) _ (32.5  m:  Ml  7.0  K ) _ Q ^ m> . K , w.  For  thc  ^ 
0.300  m-  K/W.  lor  th:  insulating  material.  Ru  -£-/?  -0.142  in*  K/W. 


Execute:  //  ^ a avm  R 

1 H 1.25x10 

L 1.80x10  * m 


1 106  W m K 


kn  ‘ R,  0.142  m*  K/W 
Evaluate:  The  thermal  ccmductivity  of  the  insulating  matcnal  is  larger  than  that  of  the  wood,  thc  thickness  of 
the  insulating  material  is  less  than  that  of  th:  wood,  and  the  thermal  resistance  of  the  woed  is  about  three  times  that 
of  the  insulating  matcnal. 

17.1 16.  IDEVHFV:  ltr‘  - ltr'.  Apply  H = AeaT'  (Eq.17.25)  la  thc  wn. 

SKI  Up:  /,  -1.50*  10*  W/m1  ivIkk  r=  1.50*10"  m. 

Execute:  (al  Th:  energy  flux  at  Ihc  surface  of  the  sun  is 


f.- 0.50x10*  w/m1 


1.50*10"  m 
'.9(r- 10'  in 


5.97  • 10"  W/m1. 


[b)  Solving  Eq.(  1 7.25)  with  7 "[  J ^ =592°K 

Evaluate:  The  total  power  output  of  thc  sun  is  P - 4*r//.  - 2.0  x 1 0 W. 
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17.1 17.  IDENTIFY  and  SET  L’P:  Use  Eq.(  I7.26>  to  find  the  net  beat  current  into  the  can  due  to  radiation  Use  Q - Ht  to  find 
the  heal  that  goes  into  the  liquid  folium,  set  this  equal  to  ml  and  solve  tor  the  mass  ni  of  folium  that  e binges  phase. 
EXECUTE:  Calculate  tfo  net  rate  of  radiation  of  heat  from  the  can.  // — - Aca(T4  - 7]4> 

The  surface  area  of  the  cylindrxal  can  is 
A 2rrA  + 2xr*.  (Sec  figure  17.1 1 7.) 

Fifurc  17.117 

A ^ hrrfh  t r)  ^ 2*(0 MS  mXO.250  m + 0.045  m)  = 0.0834 1 m\ 

- <0.08341  m'H0.200X  5.67xI0  * WVm2  K*X(4.22  K)4  -(77.3  K)4) 

//M  - -0.0338  W (tfo  minus  sign  says  that  the  net  heat  current  is  irto  the  can).  The  heat  that  is  put  into  the  can  by 
radiation  m one  hour  is  Q - -<//..)/  - (0.0338  WX3600  s)  - 121.7  J.  This  heat  boils  a mass  in  of  helium  arcording 

to  ihc  cqiulicoi  <?-«!,.  so  1,1  ^ 2 0>-  ID-'ng  ~ SS2“10  ‘ ^ ' SS2  & 

EVALUATE:  In  the  expression  for  the  net  heat  current  into  the  can  the  temperature  of  the  surroundings  is  raised  to 

the  fourth  power  The  rale  at  which  the  helium  boils  away  irxreascs  by  about  a factor  of  (293/  77)*  - 210  if  the 
walls  surrounding  the  can  arc  at  room  temperature  rather  than  at  the  temperature  of  the  liquid  nitrogen. 

17.1 18.  Identify:  The  coefficient  of  volume  expansion  Ji  is  defined  by  W - 
SKI  I'P:  For  topper,  /f- 5.1  *10  K '. 

pi'  A y AT  1 

EXECUTE:  (u)  With  Ap  - 0.  p\V  = nR AT  = i— AF. 01  -j—  - — . 

<b>  JLi 1 67. 

A..-  (2WKKS.1-I0  K ) 

EVALUATE:  The  coefficient  of  volume  expansion  for  air  is  much  greater  than  that  for  copper.  For  a given  AT*, 
gases  expind  much  more  than  solxls  do. 

17.1 19.  Identify:  For  the  water  Q - mcAT. 

SET  Up:  For  water,  c = 4 190  J kg  K. 

EXECUTE:  (u)  At  steady  .state,  the  input  power  all  goes  into  beating  the  water,  so  Iy  - — = and 

A7*  - — 1 1SI>~  " 1,1,1  * 11,1111 5 1 .6  K.  and  the  ixitput  temperature  is  I 8.0*C -t 5 1 .6*0 - 69.6°C. 

cm  <4190  J/kg  K 1(0.500  kg  mini 

Evaluate:  <b)  At  steady  state,  tfo  temperature  of  tfo  apparatus  is  constant  and  the  apparatus  will  neither 
remove  heat  from  nor  add  beat  to  tfo  water. 

17.120.  IDENTIFY:  For  the  air  the  heat  input  is  related  to  the  temperature  chingc  by  Q - mt AT. 

SET  Up:  Tfo  rate  P at  winch  beat  ciwgy  is  generated  is  related  to  the  rale  P,  at  which  food  energy  is  consumed 
by  the  hainstcT  by  P - 0. 10/J. 

Execute:  (u)  The  heat  generated  by  the  hamster  is  the  heat  added  to  tfo  box: 

/>=^  = «c ^Zl  = <1.20  kg/m '<0.051X1  m' Ml  020  J/kg  KW  1.60  C/h  I -97.9  J/h. 

<b)  Taking  the  efficiency  into  account,  the  mass  A/ of  seed  that  must  he  eaten  m time  t is 
.H,J>  W_979J/h.m 
. L L 24  J/g 

EVALUATE:  Tbis  is  atxmt  1 .5  ouixcs  of  seed  consumed  in  one  hour. 

17.121.  IDENTIFY:  Heat  (3  goes  into  the  ice  when  it  warms  to  0*C.  melts,  and  the  resulting  water  warms  to  the  final 
temperature  T(.  Heat  comes  out  of  the  ocean  water  when  it  cools  to  Tt.  Conservation  of  energy  gives 
G+ft.-o. 

SET  Up:  For  icc.  r,  - 2100  J kg  K.  For  water.  3,  - 334x10*  3kg  and  cm  - 4190  J 'kg  * K.  Let  in  be  the  total 
mass  of  the  water  on  the  earth's  surface.  So  in.  - 0.017$m  and  - 0.975m. 
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EXECUTE:  g+g,  - 0 gives  mtc. (30  C°) + m.Z,  -t-  m.^r,  + w ^ (7;  - 5.0O;C» - 0. 
r -no*u'')  - * » , ...  ♦ ,»5.M.»r ■; 

T -(Q.OI75/w>21()0  J.'kg  KX3<>  Kt -(0.01  75mH  334  *lt)‘  J kgt  f(0.975/wX4190  J kg  KK5 00  K) 

1 " (0.0 1 75m  * 0.975jh)(4 1 90  J kg  K ) 

T - ■ 1 ' 1,1  3.24  SC.  The  temperature  decrease  is  1.76  C°. 

1 4.159x10'  Jkg  K 

EVALUATE:  The  mass  of  ice  in  the  icecaps  is  nuch  less  than  the  mass  of  the  water  in  the  oceans,  but  much  more 
heat  is  required  to  change  the  phase  of  1 kg  of  ice  than  to  change  the  tcmfvrature  of  1 kg  of  water  1 C%  so  tfo: 
lowering  of  the  temperature  of  the  oceans  would  K:  appreciable. 

17.122.  IDIA  nn : Apply  Fq.(l 7.21).  For  a spherical  or  cylindrical  surface,  the  area  A xn  Eq.(l7.21)is  not  constant,  and 
the  material  must  he  considered  to  consnt  of  shells  with  thickness  dr  and  a temperature  datTcrence  between  the 
inside  and  outside  of  the  shell  dT.  The  heat  current  will  be  a constant,  and  must  he  found  by  integrating  a 
ditTerential  equatxm 

SET  UP:  The  surface  area  of  a sphere  is  4«t  r\  The  surface  area  of  the  curved  side  of  a cylinder  is  2xrl. 
kill  -f  c)*r.  when  r.<*.  1. 


(a)  liquation  (17.2 l l bcconxs  //  - A(4.t/*“i  — or  - X*  dT.  Integrating  both  sides  between  the  appropriate 

dr  4.7  r* 

limits.  I-  - - T | - ACTj  - r ).  In  thrs  case  th:  “appropriate  limits"  have  been  chosen  so  that  if  the  inner 
4.rl  a b) 

temperature  7 is  at  the  higher  temperature  T..  the  heat  flows  outward:  that  is.  ii-L<:0.  Solving  fee  the  heat 


LlV 


. f.  ktxabiT.  -X) 

current.  //  : 

b-a 


(h)  Tlie  rate  of  change  of  temperature  with  radius  is  of  the  fiem  with  B a constant.  Integrating  from 


r - a to  r and  from  r - a to  r - h ujvcs  f(r) 


and  r - /e  - li  — - - . Usmc  the  second  ot  these 
ir  b 


to  eliminate  H and  solvinu  for  7Tr)  gives  T(r)  - 7*.  - (T  - 7j  )I ' — I.  Th:rc  arc.  of  course,  many  equivalent 


b-  a A r 

forms.  As  a check,  note  that  at  r - u.  7*  - T:  and  at  r - bs  T - T{. 

dT  // 

(c>  As  in  part  (ak  the  expression  for  the  heat  current  is  //  - k(2srL) — or  UdT.  which  integrates,  with 

dr  2xr 

the  same  condition  on  the  limits,  to  Infh/a >-  kUT  - 7[),  or  //  • ~ ”Aj'  * — 

(d)  A method  similar  to  that  used  in  pari  <b|  gives  T(r)  = T 

hUhla) 

Evaluate:  (c)  Fee  th:  sphere:  I.ct  b-a  - /.  and  approxumte  b-a . with  a th:  common  radius.  Then  the  surface 
area  of  the  sphere  is  A - 4xa~,  and  tfo:  cxprcssxm  for  //  is  that  of  Eq.  ( 1 7.2 1 ) (with  / instead  of  7.  which  has 
another  use  in  this  problem).  For  the  cylinder:  with  the  sime  notation,  consider  In  j _ j - ln|  1 + _ | - L. 

wheere  the  approximation  for  ln(  1 -f-  r)  for  small  r.  has  been  used.  The  expression  for  //  then  reduces  to 
k(2xLa\{\Tft)y  which  is  Eq.  (17.211  with  A^2xU. 

17.123.  IDENTIFY:  From  the  result  of  Problem  17.122.  the  heat  current  through  each  of  the  Jackets  is  related  to  tb: 
temperature  ditTcrcnce  by  //  - ■■  AT.  where  / is  the  length  of  the  cylinder  and  h and  a are  the  inner  and 


lb: 


outer  radii  of  the  cylinder. 
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17.124. 


SKI  UP:  Let  the  temperature  across  the  cork  be  A 7]  and  the  temperature  across  the  styrofoam  be  AT1%  with 
similar  notation  for  the  thermal  conductivities  and  heat  currents. 

Execute:  (u>  AT  * A T - AT  - 125  C.  Setting  //.  - //  - //  and  canceling  the  common  fclocx. 


Arx-  ATA 


Lluninatini!  A T and  solving  for  AT  gives  AT  - ATI  1 


k.  In  1.5 


Substitution  of  uumcrica 


In  2 In  1.5  I A*  In  2 

values  gives  AT;  - 37  C°.  and  the  temperature  at  the  radius  where  the  layers  nxet  is  UO'C  - 37*C  - I03°C. 
(I>1  Substitution  of  this  v alue  for  A7]  into  the  above  expression  for  //  - //  gives 
2.7(2.00  m)|0.0400  W m M yJ  co)  _ 27  ^ 

2,t(2.(K)  in )| 0.0 100  W.’m-  K) 


H 


Evaluate:  AT  - l03°C-irC  =88  C.  - 
ls  //  as  it  should  be. 


N 6.004.00) 


C 1 = 27  W.  This  is  th:  same 


i! 


IDENTIFY:  Apply  Lq.<  1 « .22 1 to  ditferent  mints  along  the  rod,  where  — is  the  temperature  gradient  at  each  mint 

d.x 

S»:r  UP:  For  copper,  A = 3SS  W/m  K 

Execute:  (i)  The  initial  temperature  distribution.  T - (l(M)°C)sin.r.v.I.  is  shown  in  Figure  17.124a 

(b)  After  a very'  long  time,  no  heat  will  flow,  and  the  entire  rod  will  be  at  a uniform  teirqicraturc  which  must  he  that 

of  the  ends,  0°C. 

(c>  The  temperature  distribution  at  successively  greater  times  Tt<Ti<  Tt  is  skctclied  in  Figure  17. 124b. 

(d)  - \ 1O0*C )( s/L  )coiKxfL.  At  the  ends,  x = 0 and  x = L.  the  cosine  is  ± 1 and  the  teir^icraturc  gradient  is 

±(IOO°C)(t/»  100  m)  - t3.14x  10’  C°/m 

(el  Taking  the  phrase  "into  the  rod"  to  mean  an  absolute  value,  the  h:at  current  will  be 
A.rf£-(385.0  W/m  K) (1.00x10^  m^.WxlO1  C°/m)  = l21  W. 

(0  Hither  by  evaluating.  the  center  of  the  rod.  where  xx/L  - sxfl  and  ccb(x72)  - 0.  or  by  checking  the 


figure  in  part  la),  the  temperature  gradient  is  zero,  and  no  heat  flows  through  the  center;  this  is  consistent  with  th: 
symmetry  of  the  situation.  There*  will  not  be  any  heat  current  at  the  center  of  the  rod  at  any  later  time. 


L — , . , » 10  * m-7, 

x (8.9x10’  kg.'m‘X390  J/kg-K) 


Itl  — 

P* 

(h)  Although  there  is  no  net  heat  current,  th:  temperature  of  the  center  of  the  rod  is  decreasing;  by  consi&ring  the 
heat  current  at  points  just  to  citlxr  side  of  the  center,  where  there  is  a nonzero  temperature  gradient,  there  must  h: 
i net  tlow  of  heat  out  of  the  region  around  the  center.  Specifically, 


U {(U2)  + A a)  - //<(£/  2 ) - Ax)  - pA(Axk'—  - ti  — — 


A 


Equation.  ^ — — L is  obtained.  At  the  center  of  the  rod.  f \ = -(100  C^xjl.)1.  and 

ft  pc  dx' 


1 I 

S1 7 


kA  ^ A.t.  from  which  the  Heat 


f-HU.x.0-n,>,..00^0i00in 

(i)  9.17  s 

10.9  C/s 


- -10  9 C/%.  or  -I  IC°/sto  two  figures. 


d*T 


(jt  Decrease  (that  is,  become  less  negative),  since  as  T dxrcascs.  - — decreases.  This  is  consistent  with  the 
graphs,  which  correspond  to  cquil  time  intervals. 

(k)  At  th:  point  halfway  between  the  end  and  the  center,  at  any  given  tin>r  is  a factor  of  sinf^/4 1 - l/^2  less 

ex’ 

tlun  at  the  center,  and  so  th:  initial  rate  of  change  of  tcirqicraturc  is  -7.71  C/%. 
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17.125.  IDENTIFY : Apply  the  concept  of  thermal  cxpoiukm.  In  part  <bl  the  object  can  be  treated  ax  a simple  pendulum. 
SETUP:  For  steel  n = 1.2x10*  <CV-  I yr-H6.400s. 

Execute:  (u)  In  hot  weather,  the  moment  of  inertia  / ami  the  length  rf  in  l:q.(  1 3 39>  will  both  increase  by  the 
same  (actor,  and  so  the  period  will  be  longer  and  the  clock  will  run  slow  (lose  timet.  Similarly,  the  clock  will  run 
fast  (gain  time)  in  cold  weather. 

(b)  -(1.2x10  ' (CM  'X10.0 0-1.2x10-*. 

(c)  See  Problem  13.9H.  To  avoid  possible  confusion,  denote  the  pendulum  period  by  r.  For  this 
problem. -ll -^^--6.0x10  ' so  «n  one  div  the  clock  will  gain  (86.400  s'K6.0xl0  ')  - 52  s. 

<dt  — -la&T.  pi — — gives  AT  - 2f(1.2x| 0 s (C°>  'X86.400)]  '-1.9C:.  T must  be  controlled  to 

r I r I K6.400  s 

within  1.9  C°. 

EVALUATE:  In  part  tdl  the  answ  er  does  not  depend  cei  the  period  of  the  pendulum.  It  dcfvnds  only  on  the 
fracticeial  change  in  the  period. 

17.126.  iDEvnn : The  rate  at  w hich  heat  is  absorbed  at  the  blackened  end  is  the  heat  current  in  the  rod. 

AcxjiTf  - T!  ) - 71-71)  where  Tt  - 20.00  K and  T is  the  temperature  of  th:  blackened  end  of  the  rod. 

SET  UP:  Since  the  end  is  blarkcncd.  e - 1 . T.  * 500.0  K. 

Execute:  If  the  equation  were  to  be  solved  exactly  for  T%.  th:  equation  would  be  a quartic.  very  likely  not 
worth  the  trouble.  Following  the  hint,  approximate  T.  on  the  left  side  of  the  above  expression  as  T,  to  obtain 


T.-T,  + —<7;’  ~ri,>  = * +(6.79x10  '•  K )(/;'  - 7jV  T,  +0.424  K - 20.42  K. 

EVALUATE:  This  approximation  for  T is  indeed  only  slightly  than  7],  and  is  a good  estimate  of  the  temperature 
Using  this  for  T in  the  original  expression  to  find  a better  value  of  AT  gives  the  same  AT  to  eight  tlguresK  and 
furlhcr  iterations  arc  not  worthwhile. 

17.127.  IDENTIFY:  The  rate  in  (iv>  is  given  by  Eq.(  1 7.26k  w ith  T - 309  K and  T - 320  K.  The  heat  absorbed  in  the 
evaporation  of  w ater  is  O - ml.. 


SET  UP:  m - pYy  so  — - p. 

EXECUTE:  (u)  The  rates  arc:  | i)  2 HO  W, 

(ii>  (54  J/h  C rn'KI.S  m')(l  I Cs>'(3600  *h|  = 0.24#  W. 

(Ill)  (1400  2.10x10*  W. 

<iv)  (5.67x10  ‘ W/m1  K'MI.S  m‘H(320  K)'  -<3W  K>‘|- 1 16  W. 

The  total  is  2.50  kYV.  with  th:  largest  portion  due  to  radiation  from  the  sun. 

P ^ so v i(i  vv 

(b|  — — 1- 1 .03x10  * in  Vs.  This  is  equal  to  - 3.72  Lh. 

pl s (1000  kg;  mX  2.42x10  J/kg  K) 

(cl  Redoing  th:  above  calculations  with  «•  - 0 and  the  decreased  area  gives  a power  of  945  W and  a corresponding 
evaporation  rate  of  1.4  L'h.  Wearing  reflective  clothing  helps  a good  deal.  Large  areas  of  loose  weave  clothing 
also  facilitate  evaporation. 

Evaluate:  The  radiant  energy  from  the  sun  absorbed  by  the  area  covered  by  clothing  is  assumed  to  be  zero, 
since  c * 0 for  the  clothing  and  the  clothing  reflects  almost  all  the  radiant  energy  incident  on  it.  For  the  same 
reason,  the  exposed  skin  area  is  the  area  used  in  I:q.(l7.26>. 
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(a)  IDENTIFY:  We  arc  asked  about  a single  state  of  \Yk  system. 

SET  UP:  Use  l:q.(  1 8.2}  to  calculate  the  number  of  nxilcs  and  then  apply  the  ideal -gas  equation. 

Execute:  « - Xr 56.2  mol 

M 4.00x10  * kg  mol 

(b)  pV  —nRT  implies  p-nRTtV 

T must  be  in  kclvins;  T ^ (IS*  273)  K = 291  K 

(56.2  moiX8.3145  J.'mnl  K*29l  Ki  . ^ 


6.80x10  Pa 


20.0x10 


p -(680x10*  Pa)(  1.00 atm  1.013x10*  Pa)  = 67.loUn 

Evaluate:  Example  18. 1 shows  that  1 .0  mol  of  an  ideal  gas  is  about  this  volume  at  SIP.  Since  there  are 
56.2  moles  the  presjaire  is  about  60  times  greater  than  1 atm 
L Identify:  pY  - nRT . 

SET  up:  T - 41 .0°C  - 3 14  K . R - 0.08206  L atm  rncil  K . 


Execute:  n.  R constant  so  LL  - n R is  constant  I— 

r r,  r 

r.  - 7;  | 1 L-  j ^ (314  K)(2K21  - 1.256 -10'  K - 9S3“C . 


I).  1 3 1 n»il . m — 11M  - <0. 1 3 1 mol (14.00  o.'mol)  - 0.524  g . 


<b(B-£L.  1 1 0 13 1 nwl.  ii  -n\l- (0.131  mol  d 4.00  uirail)  - 0.524  g. 

R T (0.08206  L aim  mol  K)(3 14  K ) “ 

Evaluate:  T is  directly  proportional  top  and  to  V,  so  when p arxl  V arc  each  doubled  the  Kelvin  temperature 

increases  by  a factor  of  4. 

3.  Identity:  pV  - nRT . 


SetUp:  T is  constant 


E XECU  T L:  nli  T is  constant  so 


0 959  aim 


EVALUATE:  Foe  T constant,  p decreases. 
4.  Identity:  pV  -nRT. 

SET  Up:  T - 20.0°C  - 293  K . 


Execute:  (u) n.  R.  and  Fare  constant  — - — - constant  . — - — . 

T V 7]  r 


T,-Tt  ii;  -(293K)  — — 1-97.7  K --17^. 

• pj  1 3.(10  aim  J 

(b>  p,  - 1 .00  atm  . I\  - 3.00  L . pt  - 3.00  atm  . n.  R . and  7* arc  constant  so  pV  - nRT  - constant . p3Y3  - p}\  . 

EVALUATE:  The  final  volume  k one-third  the  initial  volume.  The  initial  and  final  pressures  arc  the  same,  but  the 
final  temperature  is  one-third  the  initial  temperature. 
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5.  Identify:  pV -nRT 

SKI  Up:  Assume  a room  xi/c  of  20  fl  * 20  ft  v 10  ft  . V - 4000  ft1  = 1 13  m\  Assume  a temperature  of 
T - 20°C  =■  293  K and  a pressure  of  p = l.0lxl&  Pa  . I m*  *l&  cm4. 

EXECUTE:  .u>  n-£L-  - 4.68x10*  mol . 

RT  (8.315  Jmol  KH293K) 

N -n\\  - (468 x 10‘  mnlX6.022xl0*4  molecules  moll  - 3x10*’  molecules  . 


"7- 


N 3x  10*'  molecules 


- 3xlQ‘M  malcctdci'm1  = 3xltfv  molecule*' cm 


13  m 


EVALUATE:  Hie  solution  doesn't  rely  on  the  assumption  that  air  rs  all  N>. 

6.  IDENTITY:  pV  - nRT  and  the  mass  of  the  gas  is  mfc4  - n\i  . 

SET  Up:  The  temperature  is  T - 22.0:C  = 295. 15K  The  average  molar  mass  of  air  is  .1/  - 2S.8x  10  * kg/mol . 
Far  helium  .1/  - 4 00  * 10  kg/mol . 

Execute:  <■>  kg. 

RT  (0.08206  L atm  mol  KX295.15  K> 

a'-.i  »|  ()■*>!)))  'Hi 1,1  ■ ; ' kgnoli  _ , |Q  « kg 

RT  (0.08206  L atm'mol  KX295.I5  K» 

Evaluate:  n - - — - 2_  says  that  in  each  case  the  balloon  contains  th:  same  number  of  molecules.  The  mass 
S\  RT 

is  greater  for  air  since  the  mass  of  one  molecule  ix  greater  than  for  helium. 

.7.  I DEN  flFY:  We  arc  asked  to  compare  two  states  Use  the  ideal  gas  law  to  obtain  7*>  in  termx  of  7]  and  ratios  of 
pressures  and  volumes  of  the  gas  m the  two  states. 

SET  UP:  pV  - nRT  and  n.  R constant  implies  pV  IT  - nR  - constant  and  p^i^  - p}\i  T, 

Execute:  t{  ^ (27  + 273»  K - 300  K 
pk  -1.01x10*  Pa 

Pi-  172x10*  Pa  + 101x10*  Pa -2.82x10"  Pa  ( in  the  ideal  gis  equation  the  pressures  must  be  absolute,  not 
gauge,  pressures) 

7-  - r, * Y , 300  k[  * Y , 776  K 

UA  V 1.01*  10  Pa  H 499  an  J 

r.  - (776- 273>*C  - 503°C 

EVALUATE:  The  units  cancel  in  the  VlfVl  volume  ratio,  so  it  was  not  necessary  to  convert  the  volumes  in  cm‘ 
to  m . It  was  essential,  however,  to  use  T in  kelvmx. 

8.  Identify:  pV  -nRT  and  m - n\1  . 

SET  UP:  We  must  use  absolute  pressure  in  pV  - nRT  . p{  - 4.01  x 10'  Pa . p3  - 2.81  x 10*  Pa  . T{  - 3 10  K . 

T - 295  K . 


EXECUTE:  ill)  n -- 


pf\  (4.01  x 10*  Pall 0075  m‘ ) 


Ri  18.315  J mol  K 11310  K I 


11.7  mol . m - nXi  - (1 1.7  molK32.0  u molt  ^ 374  g . 


lb)  *.  - 


pJ\  <2.81  x 10'  PaMO.075  m1) 


= 8.59  mol.  m - 275  g . 


RT.  (8.315  X mol  M 295  K» 

Tlie  mass  that  has  leaked  exit  is  374  g - 275  g - 99  g . 

E\  Al.l'.\TE:  In  th:  ideal  gas  hw  we  must  use  absolute  pressure,  expressed  in  Pa.  and  T must  be  in  kclvins. 

.9.  Identify:  pV -nRT . 

SET  Up:  7;  =-  300  K . 7 « 430  K . 

EXECUTE:  (u)  n.  R arc  constant  so  — - - nR  - constant  . LiLl  _ 2-^. . 

T T T 


P:  = wl^-|y-)  = <l-50«10’Palf 


0.750  m'  V 430  K 


3.36.10' 


1. 0.480  m'  JV  300  K 

EVALUATE:  In  pV  - nRT  , T must  be  in  kclvins.  even  if  we  use  a ratio  of  temperatures. 
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18.10. 


18.11. 


18.12. 


18.13. 


18.14. 


18.15. 


iDFN  IlfY:  Use  the  ideal-gas  equation  to  calculate  the  number  of  mole*,  n.  The  maw  of  the  gas  is 


SET  Up:  The  volume  of  the  cylinder  is  V - xr:t.  where  r - 0.450  mind  /- 1.50  m.  T - 22.0cC  - 293. 1 5 
I atm-  1.013x10*  Pa.  .1/ -32.0x10  ‘ kg  mol.  i?  -8.314  JmolK 

Execute:  ,.)  pV^Tg™  r,-EL,  21^11  •nn i-tiip  J5(i . i . . * i . : i ^ 

RT  (8.314  J mol  KH295.15  K) 

(h)  iw..  -(827  molX32.0x  10  1 kg/mol>  = 26J  kg 


Evaluate:  In  the  ideal-gas  law.  T must  be  in  kclvms.  Since  we  used  R in  units  of  J mol  • K we  had  to  express p 

in  units  of  Pa  and  Kin  units  of  m . 

IDENTIFY:  We  are  asked  to  compare  two  slates.  Use  the  ideal-gas  law  to  obtain  Vx  in  terms  of  Y3  and  th:  ratio  of 
the  temperatures  in  the  two  states. 

SET  UP:  pY  - nRT  and  it,  R . p are  constant  so  V fT  - nR!p  - constant  and  VxiT  - Yi /T: 

Execute:  T{  ^ (19  + 273)  K - 292  K (Fouist  he  in  kelvins) 


\\  = (0.600  LX77.3  K 292  K)^  0.159  L 

EVALUATE:  p is  constant  so  the  ideal-gas  equation  says  that  a decrease  in  T means  a decrease  in  V. 

IDENTIFY:  Apply  pY  - nRT  and  the  van  der  Waals  equation (Eq.18.7)  to  cakuhtc p. 

SETUP:  400  cm'  - 4(0' 10 * m‘.  R -8.314  Jimol-  K. 

EXECUTE:  (■)  The  ideal  gi%  Law  give*  p - nRTjV  » 7J8.10*  Pa  while  E»(I8.7|  given  5.87*10*  Pa. 

<l>)  The  van  der  Waals  equation,  which  accounts  for  the  attraction  between  molecules,  gives  a pressure  that  is  20% 
lower. 

(c)  The  ideal  gas  law  gives  p - 7.28  x 10*  Pa.  Eq.|T8.7)  gives  p - 7.13  x 10*  Pa.  for  a 2.1%  difference. 
Evaluate:  (d)  As  njV  decreases,  the  fccmulas  and  th:  numerical  values  for  the  two  cquitions  approach  each 
other. 

Identify:  pV  - nRT. 

SETUP:  7*  is  constant. 

EXECUTE:  it.  R%  T arc  constant,  so  pV  - nRT  - constant.  pf  \ - pf  'y 

EVALUATE:  For  constant  T.  when  V decreases,  p increases.  Since  the  volumes  enter  as  a ratio  we  don’t  hive  to 
convert  from  L to  m . 

Identify:  pV  = nRT. 

SET  UP:  Tx  - 277  K.  T1  - 2%  K.  Assume  the  number  of  moles  of  gas  in  the  bubble  remains  eonsiant. 

Execute:  (u)  a.  R are  constant  so  i-L  _ nR  = constant  L—  mid 

r t{  t: 

V \ p.  A /;  1 ■ I 00  aim  A 277  K ) 

<h)  This  increase  in  volume  of  air  in  tlic  lungs  woukl  be  dangerous. 

EVALUATE:  The  large  decrease  in  prewure  results  in  a large  irxrcasc  in  volunx. 

IDENTIFY : We  are  asked  to  compare  two  states.  First  use  pV  — nRT  to  calculate  /?,.  Then  use  it  to  obtain  T in 
terms  of  Tx  and  the  ratio  of  pressures  in  the  tw  o states. 

(a)  SET  Up:  pV  - nRT.  Find  the  initial  prewure  px: 

EXECUTE:  m ,-",mBlK”!45JnX"  i 8.737 xIO1  Pa 

V 3.10x10  m 

SETUP:  p2  = 100 itm(I.OI3x  10*  Pi’ 1 atm) - 1.013x10’  Pa 

pt  T = nRf  V = constant,  so  px  /7j  a p^  fT3 


Execute:  T-T  -1  -(296.15  K)  1,1,1 343.4  K-70.rc 

d . 8.737x10'  Pa 


(b)  EVALUATE:  The  coctlKicnt  of  volume  expansion  for  a gas  is  much  larger  than  for  a solid,  so  the  expansion 
of  the  tank  is  negligible. 
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18.16. 


18.17. 


18.18. 


18.19. 


18.20. 


KDEIHY:  F - pA  and  pV  - nRT 

Sir  L’P:  For  a cube.  V l A=>  L. 

EXECUTE:  ( u ) The  force  of  any  side  of  tlx  cube  is  /*  - pA  - {nRT jV  )A  - {nRT  since  the  ratio  of  area  to 

volume  is  AiV  = I IL.  For  T = 20.0°C  ^293.15  K. 

F-^L  , J.66-I0* N. 

/-  0200  m 

(b)  For  r^lOOflMTC  = 373.15  K, 

F »*T  (3mdX8.3l45J;mol  KH373.15  K1  1fC.]/1<v. 

L 0 200  m 

EVALUATE:  When  the  temperature  increases  while  the  volume  is  kept  constant,  the  pressure  increases  and 
therefore  tlie  force  increases.  Tlx  force  increases  by  tbc  factor  T Tr 

IDIMIIV:  Example  18.4  assumes  a temperature  of  0:C  at  all  altitudes  and  neglects  the  variation  of  # with 
elevation.  With  these  epproximations.  p - p ^ M . 

SKI  Up:  ln(.-  ' I - -x.  For  air.  M - 2K.S-  10  ' kg/moL 

Execute:  We  -anl.v  far  />  - 0.90pl *o  0.90  - •*'  " and  v - -£Iln(0.90)  - S50  m. 

EVALUATE:  This  is  a commonly  cxcurring  elevation,  so  our  calculation  shows  that  10%  variations  in 
atmosphere:  pressure  occur  at  many  legations. 

IDENTITY:  From  Example  18.4,  tlx  prevsure  at  elevation  y above  sea  level  is  p - pp  Al 
SET  UP:  The  average  molar  mass  of  air  is  M - 28.8  x 10  1 kg  mol. 


EXECUTE:  At  an  altitude  of  100  m. 


Wgy.  (28.8x10  ‘ kg.moi)l9.S0  m.VXlOOm) 


- 0.01243,  and  the  percent 


RT  (8.3145  J/mol  K *273.15  K| 

decrease  in  pressure  is  I - p/pt  -l-c4*®24*  - 0.0124  - 1.24%.  At  an  altitude  of  1000  m.  MgyifRT - 0.1243  and 
tlx  percent  decrease  in  pressure  is  1 - r « 0. 1 17  = 1 1 .7%. 

Evaluate:  These  answers  differ  by  a factor  of  (1 1 .7%)/(  1 .24%)  - 9.44,  which  is  less  than  1 0 because  tlx 
variation  of  pressure  with  altitude  is  exponential  ratlxr  than  linear. 

IDENTIFY:  p-  pp  WSl*4,  from  Example  18.4.  Eq.(IS.$|  sa>s  p - {p/M)RT.  Example  18.4  assumes  a constant 

T - 273  K.  so/?  and p arc  directly  proportional  and  wc  can  write  p - ptc  ***•'**. 

Set  UP:  From  Example  18.4.  — ^ -1.10  when  v = 8863  m 
* RT 

Execute:  For  > - 100  m.  ill-  ~ 0.0124.  so  p - pjp  • ,,3<  - 0.988/?.  The  density  at  sea  level  is  1 .2%  larger 

RT 

than  the  density  at  100  m 

Evaluate:  The  pressure  decreases  with  altitude.  pV — RT . so  when  the  pressure  decreases  and  T is 

3/ 

constant  the  volunx  of  a given  mass  of  gas  increases  and  the  density  decreases. 

Identify:  p - pty  Vt'  M from  Example  1S.4  giv*es  the  variation  of  air  pressure  with  altitude.  Tlx  density  p 

of  the  air  is  p - — — . so  p is  proportional  to  tlx  prevsure  p.  1x1  p , be  the  density  at  the  surface,  where  the 
RT 


pressure  ts  p, . 

Set  Up:  F,on,  E-*.  18.6,  * . '**"*  ‘ '*-*»***  ,.244x.0*  m '. 

RT  (8.314  J/mol  KK273  Ki 

Execute:  p-pp  ^lf,*>-0.883/\i.  — - — - constant,  so  L-ij-aml  p — 0.883/7,. 

p RT  p /?,. 

The  density  at  an  altitude  of  1.00  km  is  88.3%  of  its  value  at  the  surface. 

EVALUATE:  If  the  temperature  is  assumed  to  be  constant,  tlxn  the  decrease  in  prevsure  with  increase  in  altitude 
corresponds  lo  a decrease  in  densitv. 
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18.21. 


18.22. 


18.23. 


18.24. 


18.25. 


iDEMin : Use  Eq.l  1 8.5 > aiul  solve  for  p. 

SET  UP:  p - pM  / RT  ami  p ^ RTpJM 

T = (-563  + 273.15)  K - 216.6  K 

For  air  .1/*  28.8x10  1 kg  mol  (Example  IS.3> 

Execute:  K,;:u..  K„o  pj 

28.8x10  * kg.'nxil 

Evaluate:  The  pressure  is  about  on:  fifth  the  pressure  at  sea-level. 

IDENTIFY:  The  moiir  miss  is  .1/  - .VAnt . w here  m is  the  mass  of  ooe  molecule. 

SET  UP:  »Va  ^ 6.02  x 102*  nxilecuks  mol . 

Execute:  Ai  - 1VAw-(6.02xl0*',nwVxailes/molMl.4lx|0J,kg/m()lcx:ulc)-849kginol. 

EVALUATE:  For  a carbon  atom.  A/  -12x10  ’ kg  mol . If  this  molecule  is  mo«tly  carbon,  so  the  average  miss  of 

its  atoms  is  the  mass  of  carbon,  the  molecule  would  contain - — — 71,000  atoms  . 

12x10  ‘ kg  mol 

iDEvnn:  TT>e  mass  is  related  to  the  nutrber  of  nxiles  n by  mXA  - n.U  . Mass  is  related  to  volume  by 
p^mfV . 

SET  Up:  For  gold.  .1/  - 196.97  gmo!  and  p - 19.3x  10*  kg  m* . The  volume  of  a sphere  of  radius  r is  V - ±xr ‘ 
EXECUTE:  (a)  m ^ - n\4  - (3.00  nxilK  196.97  g mol)  - 590.9  g.  The  value  of  this  miss  of  gold  is 
(590.9  gXS14.75/a)«  $8720. 


|b)  V 


0.5909  kg 


t I 


- 3.06  x 10  # m* . V - ixr  gives 


p 19.3x10  kg  m 


- 


3 V\'"  ( 313.06 x 10* 


0194  m - 1.94  cm . The  diameter  ;s  2/*  - 3.88  cm . 


4*/  \ 4.r 

EVALUATE:  The  mass  and  volume  are  directly  proportional  to  lb:  number  of  moles. 

IDEMin:  Use  pV  - nRT  lo  calculate  tlie  numbrr  of  moles  and  tlicn  the  number  of  molecules  would  he 

iV  = *aVA. 

SET  Up:  I atm  - I.OI3x  10'  Pa  . 1.00  cm*  «l.00x  10  * m‘  . A\  - 6.022x  10'*  molecules,  mol . 

_ pY  (9.00x10’*  atm  111. 013  x 10*  Paatmll  I.OOx  10  v m‘)  _ ....  _ 

lAH  tit:  i.i)  - - — • b.v  * in  mo: 

RT  (8.314  J‘nwl  KK300.0K) 

iV  - n\\  - <3.655 x 10*“  mol H 6.022 xl03i  molecules  moll  - 2.20x10*  molecules  . 

x » r A Ar  YS\  , Af  AT, 

(b>  iV 1 so - constant  and  — 

RT  p RT  p p. 


V - .v  l£k  L (2.20x10**  molecules] 


1.00  atm 


atm  ! 


-2.44*lffv  molecuks. 


9.00x10 

EVALUATE:  The  number  of  molecules  in  a given  volume  is  directly  prcfmctional  to  the  pressure.  liven  at  th:  very 
low  pressure  in  part  {a)  the  number  of  molecules  in  1 .00  cm  is  very  large. 

Idem  in : We  are  asked  about  a single  state  of  the  system. 

SET  UP:  Use  the  ideal-gas  law  Write  n in  terms  of  the  number  of  molecules  Af. 

(a)  Execute:  pV=  nRT.  n ^ ,v.\vA  so  pV <.vv.vA  )RT 
V 


im 


P = ^ — 1 I T 

80  molecules  '/  8.3 145  J.  mol  • K 


x 1 0 * m * A 6.022  x 1 0*  * molecules  mol 
p - 8.2  x 10  1 atm.  This  is  much  lower  than  the  laboratory  pressure  of  I x 10  1 atm  in  Exercise  1 8.24. 

(b)  EVALUATE:  The  lagoon  Nebula  is  a very  rarefied  low  pressure  gis.  The  gas  would  exert  wr  little  force  on 
in  object  pass  mu  through  it. 


(750)  Kl  - 8.2Sx  10  IJ  Pa 
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18.26. 


18.27. 


18.28. 


18.29. 


18.30. 


Identify  : pV  = nRT  - NkT 

SET  Up:  At  STP.  T = 273  K , /?  - 1 .01  x 10*  Pa  . .V  = 6x  10*  molecules . 
rvrrifTr.  r .VAT  _ (6x  10*  molecules)(l  J8lx  10"1*  X'molecuk  - KX273  K)  1 

~1T  pa 


• 10  m 


Ll=V  so  1-K*  1 - 6. 1 x 1 0 A m . 
EVALUATE:  This  is  a small  cube. 


IDEVIIFY:  n; 

A/  ,VA 

SET  Up:  *Va  6.022  x |tf‘  molecules/mol . For  water.  A/  = 18x  10  1 kg  mol 

1.00  kg 


EXECUTE:.  « 

M 


>>.6  mol  . 


8x10  1 kg  mol 

iV  - i»JVA  -(55.6  mi>IM6.022x  |0J*  molecules,  mol  > - 3.35  x 10**  molecules  . 

EVALUATE:  Note  that  we  converted  M to  kg  mol. 

I DEN  11FY : Use  pV  - nRT  and  ;j with  iV  - 1 to  calculate  the  volume  V occupied  by  I molecule.  The  length 

*VA 

f of  the  side  ot*tbc  cube  with  volume  f'is  given  by  V - r . 

SETUP:  T -27°C  - 300  K.  1.00  atm  - 1.01 3x10'  Pa.  R -8.314  ) mol  K.  ATa  =6.022x10^  molecules*  mol. 
Tlie  diameter  of  a typical  molecule  is  about  10  11  m.  0.3  nm  - 0.3x  10  v m. 

Execute:  (u)  pV*nRT  and  — g ives 


\RT 


(LOOK 8.3 14  J mod  KK300K> 


4.09x  I0  ifcm‘.  /-r1  *-3.45x10  * 


A \p  <6.022x10“  molecules  mol  it  1.01 3 x UL  Pa) 

(b)  The  distance  in  part  (a)  is  about  10  txnxs  the  diameter  of  a typical  molecuV:. 

(c)  The  spacing  is  about  10  tinxs  the  spacing  of  atoms  in  solxls. 

EVALUATE:  There  is  space  between  molecules  in  a gas  whereas  in  a solid  the  atoms  arc  closely  pocked  together, 
(a)  IDENTIFY  and  SET  Up:  Use  the  density  and  the  mass  of  5.00  mol  to  calculate  the  volume,  p - m IV  implies 
V - mi p.  where  m - tnM,  the  mass  of  5.00  mol  of  water. 

Execute:  di„  - «M  - <5.00  miJxls.O'lO  ‘ kg  mol)  - 0.0900  kg 


rhea  Vm—m  0090>k*  .9 
p hXlOkgm' 


MxlQ  ' m 


(b)One  mole  ccaitains  *VA  - 6.022 x 10“  molecules,  so  the  volume  occupied  bv  one  molecule  is 


9.00-10  ‘ mV  mol 


'989-10  m‘ /molecule 


(5.011  molM6.0?2  - 1 0'1  mofcculcsnxil) 

V - a'\  where  <i  is  the  length  of  each  tide  of  the  cube  occupied  by  a molecule.  ir‘  = 2.989  -10  m‘.  to 

t»  =3.1x10'“  m. 

(c)  EVALUATE:  Atoms  and  molecules  arc  on  tbc  order  of  10  “ m xn  diameter,  in  agrccnxnt  with  the  above 
cstximtes. 

*3  RT 


DIMlfY: 


M 


SET  Up:  A - 20.180  g mol . -83.80  g/mol  and  = 222  gmol . 

EXECUTE:  (u)  A , - 4AT  depends  only  on  the  temprrature  so  it  is  th:  same  for  each  species  of  atom  in  the 
mixture. 

A/  /S3.80  g.nxil  ^ ^ (A? 

“ Af 


lb) 


M _ 


A/^  ^ 20.18  g/mol 

1.63. 


222  g/mol 


3.32 , 


20.18  g mol 


K / 222  g mol 


iiKa 


1/ 


K3.80  a mol 


EVALUATE:  The  average  kxnetic  energies  arc  the  same.  The  gas  atoms  with  smaller  maw  have  larger  v 
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18.31. 


18.32. 


18.33. 


18.34. 


18.35. 


)3/?r 


IDF.N11FY  and  SET  LP:  v 

EXECUTE:  (a)  v is  ditVcrent  for  the  two  different  isotopes,  so  the  235  isotope  di  times  more  rapodlv. 


lbl*=£U  (0.352  kg mo3  _ . <VI 


v ..  v.WJM  \ 0.349  k$mol 

Evaluate:  The  v,sa  values  each  &pcnd  on  T but  their  ratK)  is  independent  of  T. 

IDF-NTIPY  and  Mr  L'P:  With  th:  multiplknty  ofcarh  score  denoted  by  n . the  average  score  is  j — j—  |5]tn  and 


the  rms  score 


‘[(iio)s"4 


Execute:  <u)  54.6 
(b)6l.l 

Evaluate:  The  rms  score  is  higher  than  die  average  score  since  tlie  rms  calculation  gives  more  weight  to  the 
higher  scores. 

Identify:  pV  - nRT  - — ItT  - — RT . 


SET  UP:  We  known  that  V - V and  that  T > T . 


Execute:  (u)  p - nRT  fV  ; we  den't  know  n for  each  box.  so  either  pressure  could  be  higher. 

(b)  pV  - \/<T  so  .V  - - -.  where  .V.  is  Avouadro’s  numbrr.  We  don’t  know*  how  the  pressures  compare. 


at 


sNa)  RT 

so  either  .V  could  he  larger. 

(c)  pV  - 1 mJM  \RT  . We  don’t  know  the  mass  of  the  gas  in  each  box.  so  they  could  contain  the  san>:  gas 
different  gases. 

(d)  i«jv/  | - ±kT . Ts  >TU  and  the  average  kinetic  energy  per  molecule  depends  cmly  cm  T.  so  the  statcnxrnt 
must  he  true. 

(c)  vw  - ifikTfm  . We  doa*t  know  anything  about  the  masses  of  the  atoms  of  the  gas  in  each  box.  so  either  set  of 
molecules  coukl  hav  e a larger  \\mm  . 

Evaluate:  Only  statement  Id)  must  ta:  true.  We  need  more  information  xn  order  to  determine  whether  the  other 
statcircnts  arc  true  or  false. 

Identify:  Use  pV  - nRT  to  solve  for  V. 

SETUP:  Use  R « 0.08206  L • atm/mol  K . T = 273.15  K. 

Execute:  22.4  L 

r 1.00  atm 


lb)  pV  = nRT  - eemrtant . to  - p.V. . V,  - I — V.  -j  — - [122.4  L)  -0.24?  L . 

p,  ) \ 92  dim 

Evaluate:  for  constant  r.  the  volume  of  1.00  mol  is  inversely  proportional  to  the  pressure. 

. 43Jr 

Identity:  ...  =.( — 

Set  L'P:  Ibe  min  of  a dcuicron  n*-  m t ma  - 1 .673*  10  : kg  - 1.675- 10  : kg  - 3.35-10  ’ kg  . 

c = 3.00*ltf  ins.  * = 1.381  - 10  aJ  molecule  K. 


Execute:  (u>  v,„  - 


3ll.3Sl.10  J 'molecule  KK300*  10*  K) 


3.35*10 kg 


1.93x10*  ms.  ^=.  = 6,43*10' 

c 


ib>  r=|H  |(v  r=| »s"10  Ug 

1 3*  ) — \ 3(1.381x10  “ J molecule  K> 


(3.0xl07  tin's)2  =7.3x10^  K 


Ev  aluate:  Even  at  very  hi«h  temperatures  and  for  thrs  light  nucleus.  » is  a srmil  fraction  of  lb:  spxd  of 


18-8  C haptcr  18 


18.36. 


18.37. 


18.38. 


18.39. 


IDEM1FV:  i)M  - , where  7*  is  in  kelvmx  p V - )\RT  gives  ^ 

Y 3/  r n i 

SET  UP:  8.314  J.'mol  • K M -44.0x10  * kg  mol . 


/?|K.3I4  J/rnol  KM273.15  K> 


EXECUTE:  <u)  Tor  T - 0.0“C  - 273. 1 5 K . v - - 393  m s . For 

"*  Y 44.0  x10  * kg’nwl 

7*  - - 1(0 .0°C  - 1 73  K , »•  - 3 1 3 m s . The  ranee  of  speeds  is  393  ms  to  3 1 3 mi's. 


(b>  For  T - 273.15  K.  — 


f>5(  Pa 


3.286  mol  m‘ . For  T - 173.15  K . — - 0.452  mol  m‘ . 

V 


V (8.314  J mod  - KM273.I5  K) 

The  range  of  densities  is  0.286  mol'm’to  0.452  mol  m‘ . 

Evaluate:  When  the  temperature  decreases  the  rnw  speed  decreases  and  the  density  increases. 
iDEAim  and  SET  UP:  Apply  the  analysis  of  Section  18.3. 

Execute:  <u)  ±rn(v*)m -±kT *4(1 .38x10^  J molecule  K)(300K>- 6.21x10  21  J 

(b)  We  nxd  the  mass  m of  ooe  atom:  ui  - n>>  ' - 5.3 14x  10  kg  mokcule 

S\  6.022  x 10'  molecules  mol  * 

Then  -6.21*10  Jl  J (from  pari  ta))  gives  (v1  ^ - 2(621  *J°  “ J>  - ^ ^ ~ 2 14 *10  " ■ 


(c)  ^ ^ V2.34x|04  m*/s2  - 


484  m i 


(d>  p = mv,M  ^ (5.314x10  *“  kg|(484  m'st  ^ 2.57 x 10  ~ kg  m s 

(el  Time  between  collisions  w ith  ooe  wall  is  / - — II — — ■ - 4 13  x 10  * s 

rimd  484  m s 

In  a collision  »;  changes  direction,  so  Ap  - 2/wvIIM  = 2(2.57 x 10  kg  m s)  -5  14x10  ' kg  m s 
Jp  „ Ap  5.14x10  2‘ kg  ms  . 


P - — so  Fm  - — 
di  & 


- 1.24  x 10  V 


4.13x  10 4 s 

(f ) pressure  - Fi  A =1.24x10  N/(0.10  m>;  - 1.24 x 10  1 Pa  (due  to  ooe  atom) 

(8)  pressure  - 1 atm  - 1.013x10'  Pa 

Number  of  atoms  needed  is  1.013x10*  Pa  (1.24x|0  11  Pa  atom) -8.17  x 102*  atoms 
[h>  pV-NkT  (Eq.lS.18L  hi  V'i  <'  0,3*,0,  Pa"°  l0m*, 


2.45x10**  atoms 


kT  1 1 .3S 1 x 10  *’  J nrolecuk  KX300KI 
(i)  From  the  factor  of  i in  (t^)^  -a(v*)^. 

Evaluate:  This  Exercise  shows  that  the  pressure  exerted  by  a gas  arises  from  collisxms  of  th:  rtxdecules  of  the 
gas  with  the  walls. 

IDEYIIFY:  Apply  Ix|.<  1 8.22 » and  cakulatc  A 

SETUP:  1 atm -1.013x10'  Pa  . so  />  = 3.S5x|0*  Pa.  / -2.0x|0  " m and  * = 1.38x10  21  XK  . 

_ , kT  (1.38x10 J.KX300K  I tr  t , 

Execute:  a = 1.5x10  m 

4W2j*>  4W2(2.0x|0  ” mr(3.55xlO  * Pat 

EVALUATE:  At  this  very  kiw*  pressure  the  mean  free  path  is  very  large.  If  i - 484  ms . as  in  E'vample  18.8.  then 
t - — - 330  s . Collisions  are  infrequent. 


iDEvnn  and  SET  Up:  Use  equal  »•„.  to  relate  T arxl  3/  for  the  two  gases.  - yfiRTf'M  (liq.18.19).  so 
/ 3/?  - r •'  M . where  7*  must  be  in  kchms.  Same  v so  same  T i Si  for  the  two  gases  and 


=rM  . 


Execute: 


.!/«  28 

r.  -7;,  — *((20+273)  K)  - 

•lfn,  i. 


28.014  gmo! 


4.071  x |0  K 


016  g'mol 

Ts  - (407 1 - 273)<3C  = 3K00:C 
EVALUATE:  A N . moVrcule  has  mi>re  miss  so  N»  uas  must  he  at  a higher  temperature  to  have  the  sam:  v . 
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18.40. 


18.41. 


18.42. 


18.43. 


18.44. 


18.45. 


[DDftlFY: 


l,«M 


s»;r  I P:  A -1.381x10  - J 'molecule -K. 


Execute:  <u>  v*  - 


111.381x10*  Ji  molecule  * K )( 300  K} 

.1.00x10  " kg 


6.44  X 10  m s,  - 6.44  nun  s 


EVALUATE:  <b)  No.  The  mis  speed  &pcnds  on  the  average  kinetic  energy  of  the  particles.  At  this  T,  II. 
molecules  would  have  larger  v,rM  than  the  typical  air  molecules  hut  would  have  the  same  average  kinetic  energy 
and  the  average  kinetic  energy  of  the  smoke  particles  would  he  the  same. 
iDEMltY:  Use  liq.l  18.24),  applied  to  a finite  temperature  change. 

Si:r  UP:  C,  - SR  2 for  a diatonuc  ideal  gas  anJ  C\  - JR'2  for  a monatomic  ideal  gas. 

Execute:  (ui  Q=»c  Ar=ji(itf)  at 


Q - (2.5  mol))4)(8.3145  J mol  KX30.0  K>  - 1560  J 
<h>  p-«CAr^.i|4/f)Ar 


Q - (2.5  moll(4)(8.3145  Jimil  KX30.0  K ) - 935  J 

Evaluate:  More  heat  is  required  ft*  the  diatomic  gas;  not  all  th:  heat  that  goes  into  the  gas  appears  as 
translational  kinetic  energy,  some  goes  into  energy  of  the  internal  motion  of  the  molecules  (rotatxms). 

I DEV  nn : The  heat  Q added  is  related  to  the  temperature  increase  AT  by  Q - nC \ AT. 

SETUP:  For  IL,  C,  M - 20.42  J/mol  K and  for  Nc  (a  nxmatomic  gash  C,  - 1 2.47  J mol  K. 

O 

Execute:  C\  AT  - — - constant . so  C,  , A7;  - C,  *^ATS,. 


20.42  J mol  K 
12  47  J mol  K 


(2.50  0-4.09  C°. 


Evaluate:  The  ^ime  amount  of  heat  causes  a smaller  temfvrature  increase  for  II.  since  some  of  the  energy 
input  goes  into  the  internal  degrees  of  freedom. 

IDEs  IlfY:  C - A/c*.  where  C is  the  molar  heat  capacity  and  c is  th:  specific  heat  capicity.  pV  - nRT  - — RT. 
SET  Up:  A/s  =2(14.007  g'nvnl)  - 28.014  x |0'4  kg.'mol . Forwater.  cm  = 4 190  Jig  K For  NJ% 

C = 20.76  J mol  K. 


Execute:  (m  cH.  — r 

3/ 


20.76  J mol  K 
014x|0  kenxil 


-741  Jkg  K 


— — = 5.65  ; c*  is  over  five  tunc  larger. 

C*4 


<b)  To  warm  the  water.  Q - me. ST  = <1.00  kgX4190  J.  trail  • KM10.0  K)  - 4. 19  x 10*  1 . For  air. 

Q 4.19x10*  J f,  mRT  (S.6SkgXS.314J  mol  KX293K1 

* rv  AT  <741  J/kg  KMIO.OK)  " ' B'  Mp  “ (28014x10  ’ kgmolHI.OI3xlO‘  Pi) 


Evaluate:  c zi  smaller  lor  N . . to  leu  heal  i-t  needed  for  1 .0  kg  of  N . than  for  1 .0  kg  of  w ater. 

(a)  IDEMIFV  and  SET  IIP:  -R  contri  button  to  C,  for  carh  degree  of  freedom.  The  molar  heat  capacity  C it 

related  to  the  specific  heat  cap&rity  c by  C = .l/c\ 

Execute:  C\  = 6(  ±R ) = 3*  = 3(8.3 145  J/rool  K)  = 24.9  J mol  K.  The  specific  h:at  capacity  is 
c,  = Cr /A/  * (24.9  J mol  K)'(18.0x  10  ; kp'mol)  - 1380  J kg  K. 

<b)  For  water  vapor  the  specific  heat  capacity  is  c = 2000  J kg  K.  Tltc  molar  heat  capacity  is 
C = J4f -<18.0x  10  ' kg molX20O)  Jkg  K> - 36.0  J. trail  K. 

Evaluate:  The  difference  n 36.0  J mol  K - 24.9  J mol  K = 1 1. 1 J mol  K.  which  a about  the 

vibrational  degrees  of  freedom  make  a significant  contnhution. 

Idem  in  : C,  - 3 R gives  Ct  in  units  of  J mol  K . The  atomic  nuss  .1  / gives  the  mass  of  one  mole. 

SET  Up:  For  aluminum.  .1/  = 26.982  x 10  1 kg  mol. 

Execute:  (u)  C - 3 R - 24.9  J mol  K . r - * 1 ‘l,>l  K 923  J ki  K 

26.982x10  * k&  mol 

<b)  Table  17.3  give*  910  J kg  K.  The  value  from  tq.f  18.28)  Ls  too  large  by  about  1 .4%. 

Evaluate:  As  shown  in  Figure  18.21  m the  textbook.  C , approaches  th:  value  3i?  as  th:  temperature  increases. 
The  values  in  Table  17.3  an:  ai  room  temperature  and  therefore  are  somewhat  smaller  than  3 R. 
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18.46. 


18.47. 


18.48. 


18.49. 


18.50. 


Idi.n  IIT^ : Tabic  18.2  gives  tbc  value  of  v/v  foe  which  $4.7%  of  the  molecules  have  a smaller  value  of  v/v  . 


v 


3 Ac/ 

IT 


Si  r UP:  For  A/ =28.0x10  * kgmol . vtv^  - 1.60. 

EXECUTE:  i* ! . *o  the  temperature  is 

1.60  \ U 

T.-^L <2,,x"  ^ v-  - <4385  x 10  ‘ K V.mV. 

3(1.60)  # 3|I.60)'(8.3I45  J.'molK) 

(a)  I- (4.385 - 10 ' K • l'/m1  HI 500  mi)’  -98?  K 

(b)  T = <4.385x10  'K  iVm'HIOOO  mil'  =43S  K 

(c)  r = (4.J85xlO*  K -s'/m'xSOOBlfe)*  - 110  K. 

EVALUATE:  As  T decreases  the  distribution  ot* nxilcculur  speeds  shilis  to  lower  values. 
I DEM  in  and  S*: r UP:  Moke  the  substitution  t - 7mv1  in  fcq.(  18.32). 


EXECUTE:  fiv) 

\2siT)  ah  m\2x*T 

Evaluate:  The  shape  of  the  distribution  of  molecular  speeds  versus  the  temperature  is  a funclxin  only  of  the 
kincts:  energy  of  the  molecules. 

iDEMin  and  SET  UP:  Kq.flS.33):  f(v)  - iLZL*  I te 
df 

At  the  maximum  of  fit), 0. 

dt 


rtl 


\7 


fi 


Execute:  —it*0")* o 

dt  m\2xkT)  dt 

This  requires  that  —(te'*4r ) - 0. 
dt 

emXT  —(t/kT)e~*XT  =0 

(l-cAT^^'-O 

This  requires  that  I —ttkT  = 0 so  t = kT%  as  was  to  be  shown.  And  then  siixe  c - 4**v*,  this  gives  iiwr’  = AT 
and  v^,  - yJlkJm.  which  is  Kq.(  18.34). 

Evaluate:  The  average  of  x~  weights  larger  v. 

IDEs  tin:  Apply  Kqs.HS.34)  (18.35)  and  1 1S.36). 


RhV 


— .1/  -44.0x10  kg  mol. 


SETUP:  Note  that  — 

m M(Na  M 

EXECUTE:  (u>  v„  - ^2(8.3145  J.mol  KX30OKVI44 0.10  1 kgtnol)  - 3.37x  I01  mi. 
lb)  v,  - ^8.3145  J.'mid  KM300  K)/(.t(44,0x  10  kg/mol  )>  - 3.80 x 10-'  m/». 

(c>  v„  - ^3(8.3145  J.'mcil-KH30OK)/(44.OxlO  ‘kg/mol)  -4  12-10'  n js. 

EVALUATE:  The  average  speed  is  greater  than  the  most  probable  speed  and  the  rms  speed  is  greater  than  the 
average  speed. 

Idem  it  v and  SET  UP:  If  tbc  temperature  at  altitude  v is  below  the  freezing  point  only  cirrus  clouds  can  form. 
Use  T - Tt  - ay  to  find  the  y that  gives  T = 0.0°C. 

Execute:  ,'.W.  W-O0^,2ibn 
a 6.0  C:.km 

EVALUATE:  The  solid-liquid  phase  transiticxi  occurs  at  0ZC  only  for  p - 1.01  x 10*  Pa.  Use  the  results  of 
Kxample  18.4  to  estimate  the  pressure  at  an  altitude  of  2. 5 km. 

Mg(y,-y)/RT  a 1.10(2500  nV8863  m)-0.310  (using  die  calculation  in  Example  18.4) 

Then  />,  =(1.01x10'  Pair""  a 0.74  x 101  Pa. 

This  pressure  is  well  above  the  triple  point  pressure  for  water,  figure  18.21  shows  that  the  fusion  curve  has  large 
slope  and  it  takes  a large  change  in  pressure  to  change  the  phase  transition  temperature  very  much.  Using  O.lfC 
introduces  little  error. 
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18.51.  IDENTITY:  Refer  to  the  phase  diagram  in  Figure  1S.24  in  the  textbook. 

SET  UP:  For  water  the  triple-point  pressure  is  610  Pa  and  the  critical-point  pressure  is  2.2 12  * 10  Pa  . 

EXECUTE:  I a > To  observe  a solid  to  liquid  (melting)  phase  tranutxm  the  pressure  must  be  greater  than  the  triple- 
poont  pressure,  so  />  - 610  Pa  . For  p < px  th:  solid  to  vapor  (sublinution)  phase  transition  rs  observed. 

< l>>  No  liquid  to  vapor  I boiling  I phase  transition  is  observed  if  the  pressure  is  greater  than  the  critical -point  pressure. 
p2  = 12 12x10  Pa  . For  px<  p < /?.  the  sequence  of  phase  transit  iers  are  solid  to  liquid  and  then  liquid  to  vapor. 
Evaluate:  Normal  atnxisphcric  pressure  is  approximately  1 .Ox  10*  Pa  . so  the  solid  to  liquid  to  vapor  sequmee 
of  phase  transitions  is  normally  observed  when  the  material  is  water. 

18.52.  IDENTITY:  Refer  to  Figure  18.24  in  the  textbook. 

SET  Up:  The  triple  punt  temperature  for  water  is  273. 16  K -O.Ol^C. 

Execute:  The  tcmfvrature  is  less  than  the  triple-point  temperature  so  the  solid  and  vapor  phases  are  in 
equilibrium.  Tlic  box  contains  *:c  and  water  vapor  hot  no  liquid  water. 

EVALUATE:  The  fusion  curve  terminates  at  th:  triple  point. 

18.53.  Identity:  Figure  18.24  in  the  textbook  shows  that  there  is  no  liquid  phase  below  the  triple  point  pressure. 

SET  UP:  Table  18.3  gives  th:  triple  point  pressure  to  he  610  Pa  for  water  aixl  5. 17  x 10*  Pa  for  CO,. 

Execute:  The  atmospheric  pressure  is  bekrn*  the  triple  point  pressure  of  water,  and  there  can  be  no  liquid  water 
on  Mars.  The  some  bolds  trw  for  CO:. 

Evaluate:  On  earth  pAm  - I x 10*  Pa  f so  on  the  surface  of  the  earth  there  can  he  liquxl  water  but  not  liquid  COj. 

18.54.  Identity:  \V  = p\\£T -\\k&p 

SETUP:  For  steel.  3.6*10*  K and  X ^6.25*10  Pa 
Execute:  /H^r= (3-6x10  * K 1 x 1 1 c L)2I  C°)  -0.0083  L . 

-kV.bp  = (6.25x  10  '*/Pa)(l  1 L>  <2.1xl0>a)  ^ -0.0014  I. . The  total  change  in  volume  is 
A V - 0.0083  L -00014  L - O.OOS9  L. 

(I»)  Yes;  AT'  is  much  less  than  the  original  volume  of  1 1.0  L. 

Evaluate:  Even  for  a large  pressure  irvreasc  and  a modest  temperature  irxrcasc.  the  magnitude  of  the  volume 
change  du:  to  the  temperature  increase  is  much  larger  than  that  due  to  th:  pressure  increase. 

18.55.  IDENTITY:  Wc  arc  asked  to  compare  two  states  Use  the  ideal- gas  law  to  obtain  m : in  tenns  of  mi  and  the  ratio  of 
pressures  in  th:  two  states.  Apply  l:qX  18.4)  to  the  initial  slate  to  calculate  ntj. 

SET  UP:  pV  - nRT  can  be  WTiltcn  pV  - {m/M)RT 

T K AC  R are  all  constant,  so  p/m  - RT i MV  - constant 
So  px  fm  - p2  fmiy  where  «i  is  the  mass  of  th:  gas  in  the  tank. 

Execute:  />,  = 1.30.10*  Pa- 1.01- 1 O'  Pa  a 1. 40*  10*  Pa 

p,  = 250x10'  Pa-.  I.0U10'  Pa  =3.51-10'  Pa 

m,  = p,VM I RT;  V = hA  - hsr‘  = (1 .00  m)»i0.060  m)’  - 0.01 1 3 1 m‘ 

U.lfl-10-  PaHOOim  m ull.l.lfl  ^mot)  _ ,MS  . 

1 (S.3145  J mol  kill  2211  <■  273. IS)  K)  B 

m-n  k,. 

m.  is  the  mass  that  remains  xn  the  tank.  The  truss  that  has  been  used  is 
mx  - mi  ^ 0.2S4S  kg  - 0.07 1 3 kg  ^ 0.2 1 3 kg. 

EVALUATE:  Note  that  we  have  to  u«  absolute  pressures.  The  absolute  pressure  decreases  by  a f&rlor  of  four  and 
the  mass  of  gas  in  the  tank  decreases  by  a factor  of  four. 

18.56.  IDENTITY:  Apply  pV  - nRT  to  the  air  inside  the  diving  bell.  Th:  pressure  p at  depth  y below  the  surface  of  the 
water  is  p^p+.  + pxv. 

SETUP:  />  = 1.013x10’  Pa.  T - 300. 1 S K at  the  unlace  and  7"  = 280.15  K althe  depth  ofU.Om. 

Execute:  (u)  The  height  i\  of  the  air  column  in  the  diving  bell  at  this  depth  will  h:  proportional  to  the  volume, 
and  hence  inversely  propcetional  to  the  pressure  and  proportional  to  the  Kelvin  temperature: 

h-ulL-^  r. 

p't 

(I.013-I01  Pal 2KO.I5  K 

(1.013  - 10' Pa)  t |I030  kg/m‘K9.B0  nvi‘)|73.0  m)l  300.15  K ) 

The  height  of  the  water  inside  the  diving  hell  i.%  h-ti  = 2.01  m . 


-0.26  m. 
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18.57. 


18.58. 


18.59. 


18.60. 


(b)  The  ncccsavy  gauge  pressure  is  the  term  pgy  from  the  above  calculation.  g|ir  - 7.37 x 10'  Pa. . 
EVALUATE:  The  gauge  pressure  required  in  part  (b)  is  about  7 atm. 

jV  p 

IDENTIFY:  pV  - XkT  gives  — - — 

SET  LP:  I atm -1.013x10' Pi.  r,  = T,  -273.15.  * = 1.381  »IOa  J’molccule- K . 

Execute:  (u>  Tc  =r, -273.15  ^94  K -273.15 — 179*C 
S p ( 1 .5  Jim  111.013- 10'  Pa  atm) 


l"l 


1.2*  1Q>-  nh'lccuk^  m' 


■ AT  <1.381*10  •'  l/mokcule  Kl  94  Kl 


If)  For  the  earth.  p = \.0  aim  = 1.013*10'"  Pa  ami  T - 22*C  - 295  K . 

-1  - 11  " - "•'l  111  1 • |n  1 - •"‘ll - 25x10'"  molecuJei'm1 . The  nlnx«pherc  i>f Titan  u about  five  timer 

V <1.381*  10  " Jmolctulc • KM295  K) 

denser  than  earth's  atmosphere. 

EVALUATE:  Though  it  is  smaller  than  Farth  and  has  weaker  gravity  at  its  surface  Titan  can  maintain  a dense 
atmosphere  because  of  the  very  low  temperature  of  that  atmosphrre. 

IDENTIFY:  For  constant  temperature,  th:  variation  of  pressure  with  altitude  is  calculated  in  Fxamp&e  18.4  to  be 


P = /V 


w 


. v - 


Mir 

IT 


SET  Up:  - 9.80  mV . T - 460'C  - 733  K . V - 44.0  ptaol  - 44.0  - 10  kg/mol . 

Execute:  «.»  *2L  ■) 

RT  (8.314  l'mol  K)(733  1C) 

p - puc  **  - (92  atm)r  - 86  atm  . The  pressure  is  86  Larlh  atmo^pheres.  or  0.91  Venus  atmospheres. 
3 RT 


>14  J mol  KK  *33  K i 


- ti45  ms.  v has  this  value  noth  at  the  surface  and  at  an  a.tituuc 


M \)  44.0x10  kg'mol 

of  1.00  km. 

EVALUATE:  via  depends  only  rei  T and  the  molar  mass  of  the  gas.  For  Venus  compared  to  earth,  the  surfarc 

temperature,  in  kelvins.  is  nearly  a factor  of  three  larger  and  tb:  molecular  mass  of  the  gas  in  the  atmosphere  is 
only  about  50%  larger,  so  vim  for  the  Venus  atmosphere  is  larger  than  it  is  for  the  Faith's  atmosphere. 
IDENTIFY:  pV  = nRT 

Si:r  L’P:  In  pV  - nRT  we  must  use  the  absolute  pressure.  7]  - 27S  K . px  - 2.72  atm  . Ts  - 3 18  K 
Execute:  it.  R constant,  so  — - nR  - constant . - — L and 

r r r 


V{\(r  v 0.0150  m‘  318  K _ _ . 

p - p — — =(2.72  atm)  = 2.94  Mm . The  final  gauge 

'■  Vs  hr  0.0159  m‘  278  K 

‘ ' * 


•t.  .*  If.’  IV 


2.94  atm  - 1.02  atm  = 1.92  atm  . 

Evaluate:  Since  a ratio  is  used,  pressure  can  be  expressed  in  atm.  But  absolute  pressures  must  be  used.  The 
ratio  of  gauge  pressures  is  not  equal  to  the  ratio  of  absolute  pressures. 

IDEVIIFY : In  part  (a),  apply  pY  - nRT  to  tbc  ethane  sn  the  flask.  The  volume  is  constant  once  the  stopcock  is  in 

place.  In  part  (b)  apply  pV  — '—RT  to  the  ethane  at  its  final  temperature  and  pressure. 

St 

SKI  UP:  1.50  L - 1.50x10  1 m‘ . St  =30.1x10  ‘ kg  mol . Neglect  the  thermal  expansion  ofthr  tlask. 

Execute:  (u)  p2  =(1.013x10*  PaK300K/380  K)  = 8.00x1 04  Pa. 

(b)  -{eL\m  J'*M" O' '.H  ..50  HO  •"‘■O  . 45 

Ur,  j { <8.3145  J,'rool-KX300K)  ) V 

EVALUATE:  We  could  also  calculate  mXA  with  p - 1 .01 3 x 10*  Pa  aixl  T - 380  K . and  we  would  obtain  th:  same 
result.  Ortginallv.  before  the  system  was  warmed,  the  mass  of  ethane  in  the  flask  was 
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18.61. 


18.62. 


(a)  IDENTIFY:  Consider  lb:  gas  in  ooc  cylinder.  Calculate  lb:  volume  to  whkh  this  volume  of  gas  expands  when 
the  pressure  rs  decreased  from  (1.20x  10'  Pa  ♦ 1.01  x 10*  Pal  - 1 30x \(f  Pa  to  1.01  x 10*  Pa  Apply  the  ideal-gas 
law  to  the  two  states  of  the  system  to  obtain  an  expression  for  \\  in  terms  of  i \ and  the  ratio  of  the  pressures  in  the 
two  slates. 

SETUP:  pV^nRT 

;j.  li.  T constant  implies  pV  - nRT  - constant,  so  piVi  - pjr\. 

EXEC  ITE:  Vy  = V%{pt fPl ) = (1 .90 in  l|  Ppj?  ^ | -=  24.46  m‘ 

The  number  of  cylinders  required  to  fill  a 750  m halkion  is  750  mV 24.46  m'  = 30.7  cylinders. 

EVALUATE:  The  ratio  of  the  volume  of  the  balloon  to  the  volume  of  a cylinder  is  about  403.  Fewer  cylinders  than 
this  are  required  because  of  the  lar^e  factor  by  whkrh  the  gas  is  compressed  in  the  cylinders. 

(b)  IDENTIFY:  The  upward  force  an  the  tulloon  is  given  by  Archimedes*  principle  (Chapter  14):  B - weight  of 
air  displaced  by'  balloon  - p 'MVg.  Apply  Newton's  2nd  law  to  the  balloon  and  solve  for  the  weight  of  the  lo:*i  that 
can  be  supported.  Use  the  ideal-gas  equation  to  find  the  mass  of  the  gas  in  the  balloon. 

SET  UP:  The  tree-body  diagram  for  the  balloon  is  given  in  Figure  18.61. 


Figure  18.61 


is  the  mass  of  the  gas  that  is  inude 
the  balloon:  is  the  maw  of  the  load 

that  is  supported  by  the  balloon 


EXECUTE:  -ffw, 

-0 


C alculate  m ^ the  mass  of  hydrogen  that  occupies  750  m at  I5°C*  and  />-l. 01x10*  Pa 
pV  = (m^  SM  )RT  gives 


_ - pVM/RT*  "ll1 

<S.3145J>mol  KK2SS  Ki 


Then  m,  = <1.23  kgm  1(750  m'l- 63.9  kg  = SS9  kg.  and  (lit  weight  Ihjt  can  he  supported  is 
»•,  = »i ,g  = (S59  kgM9.S0  mV); 8420  N. 

(f>  iw,  - pj'  ~ 

~ PyM = (M-9  kgX(4.()0  g null  (2  1)2  g/mol)(  - 1 26«  kg  (using  the  rtvultt  of  part  lb>» 
Then  »i,  =<1.23  kgm‘M750  m')-l26.5  kg  = 796  kg. 
m’i  = «i,x  =(796  kgM9*0  nt'i1)  = 7S00  N. 


EVALUATE:  A greater  weight  can  be  supported  when  hydrogen  is  used  because  its  density  is  less. 

IDENTIFY:  The  upward  force  exerted  by  the  gas  on  the  pistcei  must  equal  the  piston's  weight.  Use  pV  - )iRT  to 
cakrubte  the  volune  of  the  gas.  and  from  this  tlx:  height  of  the  column  of  gas  m the  cylinder. 

SET  UP:  F - pA-  pxr* . w ith  r - 0. 1 0)  m and  p - 1 (Ml  atm  - 1 .0 1 3 x 1 0*  Pa  . Fix  the  cylinder.  V - zr:h  . 


r„„  , . . p*r:  (1.013x10'  Pa>.r< 0.1(0  m)3  , 

Execute:  (u|  pxr  - mg  and  m - a 325  kg  . 

v 9.SQ  mV 


ll  S..m,:|S  ll  J mol  Kk2^  15  Kl  433x|(V 
v 1.013x10  Pa 


. h — — — 4 33  ■ 10  m _ . 


?r*  xiOAOOmY 


EVALUATE:  The  calculation  assumes  a vacuum  (p  - 0|  in  the  tank  above  the  piston 


18-14  Chapter  18 


18.63.  iDIMltY:  Apply  Bernoulli's  equation  to  relate  the  efflux  speed  of  water  out  the  hose  to  the  height  of  water  in 
tltc  tank  and  the  pressure  of  the  air  above  the  water  in  the  tank.  Use  the  ideul*g;is  equation  to  relate  the  volume  of 
the  air  in  the  tank  to  the  pressure  of  the  air. 

(a)  Str  Uf:  Points  1 and  2 arc  shown  in  Figure  18.63. 


p,  - 4.20  x 10’  Pa 
p,  ~ p_  =1.00x10'  Pa 
large  tank  implies  v,  * 0 


Figure  18.63 

Execute:  p,  -»  pgy, + t/nf  = pt  ♦ pgy.  - ~/»i 
l -P.~  Pi  * PK<y,  ~ >}  ) 
v;  ; J(2fp\(p.  - p, | <•  2«<  v,  - >-,) 

Vs  ■ 26.2  m s 


<bl  h ^ 3.00  m 

The  volume  of  the  air  m the  tank  increases  so  its  pressure  decreases.  pV  - nRT  - constant,  so  pV  - pf\  (/?,  is 
the  pressure  fee  - 3.50  m and  p is  the  pressure  for  k - 3.X1  m) 
p(4.00  m-k)A*  />,(4.00  m - 


1.,m-/'1)-<420.iO»  Pa, 


4.00  til  - rt 


4.00  m- 3.50  m 
4.00  m - 3.1X1  m 


2.10x10'  Pa 


Repeat  the  tabulation  of  part  (a),  but  now  p - 2. 10  x 10*'  Pa 


i ^ 3.00  m. 


Vs  = yji P>  -P:)+  2g(yt  - v} ) 
v%  = 16.1  mi's 


k - 2.00  m 

j 4^, -/v  i 

'I  4.00m 

>:  - - p:)  - 2*<f,  - >■> 

».  - 5.44  TO* 


d^j-(4.20«10'  Pal| 


4.00  m- 5.50  m 
4.00  m - 2.00  m 


-1.05*10  Pa 


(c>  v}  =0  means  (2/pKp,-p1)*2g{yt- »i>“0 

p,-p,m-pg'>\-y,) 

y - v.  = h - 1 .00  m 


( 0.50  m | t , i 0.50  m ' . . 

p-px\ = <4.20 x 10  Pal  This  is  pr  so 

4.00  m- A I V 4.00m -A/ 

(4.20x10s  Pa  — — 1-1.00x10*  Pa  =-(9M0 nv**y  1000 k»m‘ Kl. 00m- A> 

V 4 . CXI  m - h ) 


(2 1 0/(4.00  - A»- 100  = 9.80  - 9.80A,  with  A in  meters. 

2 1 0 - (4.X  - AX  109.8  - 9.806) 

9*MJ-l49*  + 229.2  »0  and  A*  -I5.2GA  *23.39-0 

quadratic  formula:  h - 1 5 20  * N/<  1 5.20)s  - 4(23.391  j - < 7.60  ± 5 £6)  m 

h must  he  less  than  4.00  m.  so  the  only  acceptable  value  is  h - 7.60  m - 5.86  m - 1.74  in 

Evaluate:  The  flow  stops  when  p -f  pg(}\  - Va)  equals  air  pressure.  For  h - 1.74  m.  p-  9.3x10*  Pa  and 

pg(y%  0.7xl04  Pa.  so  p+  yt)  - 1.0x10s  Pa.  which  is  air  pressure. 
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18.64. 


18.65. 


18.66. 


18.67. 


IDENTIFY : Use  Ihc  ideal  gat  law  to  find  the  number  of  moles  of  air  taken  in  with  each  breath  and  from  thw 
cakuhtc  the  number  of  oxygen  molecules  taken  in.  Then  find  the  pressure  at  an  eievat  km  of  2IXH)  m and  re  prat  the 
calcuhtion. 

s»:r  UP:  The  number  of  molecules  in  a mole  is  \\  - 6.022  x 101*  molccuks  'mol . R - 0.08206  L atm  mol  K . 
Example  18.4  sfoaws  that  the  pressure  variation  with  altitude  \\  when  constant  temperature  is  assumed,  is 
p - p.c  **  n . For  air.  .1/  - 2S.8  x 10  1 kg  mol . 


(1.00  atmllO.50  L> 


Execute:  (u>  pV  - nRT  give*  n - — 1 — — : 0.0208  mol . 

RT  (0.OS2O6L  alinmoJ  KM20J.I5K) 

t V = (0.2I0WV,  -(O.’IOMO.O’OS  inn! (6.022  - 10*’  mnfcvulcimnll  - 2.63x  101  molecules . 

%a(2U».  0 ‘ kgi'inolK9.80  nv'*,X2000  ml  _0,3,6  . ....  ^ ^ ^ 

RT  (8.314 1/rool  KM293.ISK| 

V is  proportional  to  n.  which  is  in  tum  proportional  to  p . so 


1X793  atm 

LOO  atm 


(2.63x1  O’*  molecule*)- 2.09 xl0*M  molecules 


(c>  Less  0»  is  taken  in  with  each  breath  at  the  higher  altitude,  so  the  person  must  take  more  breaths  per  minute. 
Evaluate:  A given  volume  of  gas  contains  fewer  molecules  when  the  pressure  is  lowered  and  the  temperature 
is  kept  constant . 

I DEV  i itv  and  Set  L’P:  Apply  Eq.(l8.2)  to  find  n and  then  use  Avogadro's  numkr  to  find  the  nunrtser  of  molecules 
Execute:  Calculate  the  number  of  water  molecules  ,V. 

Number  of  moles:  ;j  - — — 2.778x10*  mol 

M 18.0x10  kg  mol 

N = nNK  =(2.778x|0*  mo!X6.022  x |0:*  mofcculcs'mol)  = 17x1 0*1  molecules 
Each  water  molecule  has  three  atoms,  so  the  number  of  atoms  is  3<  1 .7  x 10'  ) - 5. 1 x HX  atoms 
EVALUATE:  Wc  could  also  use  the  masses  in  Example  18.5  to  lind  the  mass  m of  ooe  11*0  molecule: 
m = 2.99x10*  kg.  Then  *V  - .’m  - 1.7  x 10  molecules,  which  checks. 

IDEMIFV:  pV  - nRT  - - — RT  . Deviations  will  be  noticeable  when  the  volume  V of  a molecule  is  on  the  order 

•V, 

of  1%  of  the  volume  of  gas  that  contains  one  molecule. 

SET  UP:  The  volume  of  a sphere  of  radius  r is  V - — zr  . 

EXECUTE:  The  volume  of  gas  per  molecule  is  . and  the  volunx  of  a molecule  is  about 

"a P 


i;-i.»(2.0«IO  ”m)'  -3.4.10 


> 


PSf 


Ki 


Denoting  tlie  ratio  of  these  volumes  as  f 
(8.3145  J/mol  KK300K) 


N V (6.023 x 10*'  molecuks/mol)(3.4x  10  *v  m'  i 


(1.2x10*  Pa)/. 


"Noticeable  deviations'*  is  a subjective  term,  but/on  the  order  of  1.0%  gives  a pressure  of  10*  Pa. 
EVALUATE:  The  forces  between  molecules  also  cause  deviations  fn>m  ideal  gas  bchivice. 

IDENTIFY:  Eq.l  18.16)  savs  that  the  average  translational  kinetic  energy  of  c»:h  molecule  is  equal  to  -AT  . 


i 


SETUP:  A -1.381x10  J •molecule  K 

EXECUTE:  (u)  y«(r  )„  depends  only  on  T and  both  gases  have  the  sanx  T,  so  both  modules  have  tlx  same 
average  translational  kinetic  energy.  \\m  is  prep  optional  to  w 1 J , so  tlx  lighter  molecules,  A%  liave  the  greater  . 

(b)  Tlx  temperature  of  gas  R would  need  to  be  raised. 

(c)  JL  , Isi.  - eoiuunl  .wi.-2L.  T.miStXrJ  ?-34»IO*k*  |<283. 15  K>- 4.53. 10*  K - 4250°C . 

Vm  lu  L-J  * 1 3.34  - 10  kg  J 

(d)  Tj  > Ta  so  the  & molecules  have  greater  translational  kinetic  energy  per  molecule. 

Evaluate:  In  ittfv1)  --AT  and  v - J- — the  temperature  T must  he  in  kclvins. 
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18.68. 


18.69. 


18.70. 


18.71. 


IDKXIIFY:  The  equations  derived  in  the  subsection  Collision*  between  Molecules  in  Section  18.3  can  he  applied 
to  the  bees.  Th:  av  erage  distance  a bee  travels  between  collisions  is  th:  irean  free  path.  A . The  average  tin*: 

d.\  1 

between  collision*  is  the  mean  tree  time,  t . Tlie  number  of  collisions  per  second  is 

di  t 

SETUP:  V = (1.25  m>*  = 1.95m'.  /•- 0.750x10  : in  . v=l.l0ms.  Af  = 2500. 

Execute:  <u)  A L ! — - Q.7S0  m - 78.0  cm 

4t V2r*iV  4*^/2(0.750x10  * m>(2500) 

_ A 0.780  m n_ni% 

(b>  A - tv  . so  t 0.  >09  s . 

v 1.10  ms 

dN  1 1 

(cl 1.41  collisions'* 

dt  0.709  s 

EVALUATE:  The  calculation  is  valid  only  if  the  motion  of  each  bee  is  random 
IDF-MIFY:  Apply  the  iteration  procedure  that  is  described  in  the  problem. 

Set  Up:  Let  x*niV  . 7 = 400.15  K. 

Execute:  (u)  Dividing  both  sides  of  l:q.(  18.7)  by  the  product  ATT' gives  the  resuh. 

(I>)  The  algorithm  described  is  best  implcmrntcd  on  a programmable  calculator  or  computer,  for  a calculator,  the 
numerical  procedure  is  an  iteration  of 

.’■iO.IO)  I0-J4HI 

(8J145H400.I5)  1 8.3 145  H 401. 15) 


[l -(429x10*)*] 


Starting  at  x - 0 gives  a fixed  point  at  v - 3.03  x 10^  alter  four  iterations.  The  number  density  is 
3.03 xl0J  mol/m*. 

(c)  The  ideal-gas  equation  is  the  result  after  the  first  iteration.  295mol/m\ 

EVALUATE:  The  van  der  Waals  density  is  larger.  The  term  ccncpcoiding  to  a represents  the  attraction  of  the 
molecules,  and  hence  nuwc  molecules  will  be  in  a given  volume  fora  given  pressure. 

IDENTIFY:  Calculate  and  use  conservation  of  energy  to  relate  the  initial  speed  of  the  molecules  (vw-)  lo  tlie 
maximum  height  they  reach. 

SET  UP:  7 - 298.15  K . .1/  - 28.0x10'*  kumol . 


KXLCITL:  \ - 


T/er  318.314  J.mol  KX29S.I5  Kl 


-515  m's  . Conservation  of  energy  gives 


28.0x10  * kg  nxil 

i/wi  - mg)'  and  v-Lil  - 1.02  x 10*  m - 102  km 

• - 2x  2(130  m s ) 

EVALUATE:  The  result  docs  not  depmd  on  tlie  amount  of  gas  in  the  canister. 

IDENTIFY : The  mass  of  one  molecule  is  the  molar  muss.  .1/.  divided  by  the  Dumber  of  molecules  in  a mole.  iV% . 
Tlie  average  translatKinal  kinetic  erxrgy  of  a single  molecule  is  ^jn(r*)„  - -47  . Use  pY  - NkT  to  calculate  ;V, 
the  number  of  molecules. 

SETUP:  * = IJ81xl0'M  Jfaolcculc-K  . M -28.0  a 10' ‘ kgmol.  T = 295. 1 5 K.  The  volume  of  tbc  balloon  is 
V =i.r(0.250  m|‘-  0.0654  m\  p - 1.25  atm  - 1.27- 1 O'  Pa. 

Execute:  2K0-'°  ^ino1  - 4.6S.10*  ks 

iVA  6.022 x 10*’  molecules m>l 

(b)  ;*(/),  -4A7  = i(l.3S|x|0'1>  J molecule  KX295.15K»  = 6.1 1x10  J 

(,)  N-£L- !) 2.Mx,0-  molecule 

kT  (1.381x10  J'mokculc  K <295. 15  K l 

(cl l The  total  average  translatxmal  kinetic  crergy  is 

iV(4»>(>';)„)  - (2.04  ‘ 10:‘  moicculcsX6.l  lx  10~J>  J 'molecule)- 1 .25x10*  1. 


KVAIAAIE:  The  number  of  males  is  ;t 


2.04x10*  nxileeulcs 
6.022  x 10'  malccuki  mol 


-3.39  mol. 


K = -»tfl7  - -<3.39  mol  H 8.3 1 4 J.  mol  K H 295. 1 S K > = 1 .25  x 1 0*  J . which  agrees  with  our  results  in  part  (d). 


18.72. 


18.73. 


18.74. 
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iDEVlltY:  U - mgy  . Tlx  na«  of  one  molecule  is  m - A/’.\\  . A',.  - 4*7* . 

SET  UP:  Let  v - Oat  the  surface  of the  earth  and  fi  - 4(H)  m . NA  - 6.023 x 10-' * molecuWs  mol and 
A -1.38  x10  JK.  lS.Q^C  - 288  K . 


A/ 

Execute:  (u>  U - mgh  — — 


i h>  Setting  u r-4- 


28.0x10  * kg  mol 
6.023  x 10*'  molccukx  mol 


19.80  nVsJ)(400in) 


-10  ^ J. 


1*2x10-"  i 


8.80  X 


.38x10  * JX 

EVAUi.\TC:  (c)  The  average  kinetic  energy  at  I5.0°C  is  much  larger  than  the  increase  in  gravitational  potential 
energy,  so  it  is  energetically  possible  for  a molecule  to  rise  to  this  height.  Hut  Example  18.8  shows  that  the  mean 
free  path  will  be  very  murh  less  than  this  and  a molecule  will  undergo  many  collisions  as  it  rises.  These  numerous 
collisions  transfer  kinetic  energy  between  molecules  and  nuke  it  highly  unlikely  lhat  a given  molecule  can  have 
very  much  of  its  translational  kirxlic  energy  converted  to  gravitational  potential  energy. 

IDEA  hey  and  SET  L’P:  At  equilibrium  f(r)  - 0.  The  work  done  to  increase  tlx  separation  from  to  vs  is 

UM-Vir^ 

(■)  Extern:  lf(r)  * U,  [(/{,  / r)u  - 2(R,i  r)*  J 

I:q.(  13.26);  F(r)-  lHU,/R,)[(Ktlrf -(R,  >>)’]•  The  graph,  aw  given  in  Figure  IS.73. 

V r 


<b)  equilibrium  requires  /*  - 0;  occurs  at  point  r}.  r2  is  where  V is  a minimum  l stable  equilibrium i. 
(C)  C/-0  implies  [<R, r)"  - 2<«,  .V)‘ J - 0 
(r,/R,)*-l/2  and  r,  = /^l<2)1* 

F- 0 implies  [<K,/r>" -<Vr>'] a° 

= ! and  rt-H, 

Then  rt!r,  = (V2‘  V*.  -2~" 


(d)  W^.  =W 

Al  r-K»,  U^0.  *.  »'  = -hi «,)  - -V,  [(«, R,  f - 2(R.  ■«,)'  ] = W, 

Evaluate:  The  answer  to  part  (d).  U4,  is  the  depth  of  the  potential  well  shown  in  tbc  graph  of  V ( r ). 
IDENTIFY:  Use  pV  - nRT  to  calculate  the  number  of  moles,  n.  Then  Kh  - ^nRT  . The  mass  of  the  gas.  r?M  . is 
given  by  «fM  - n\1 . 

SETUP:  5.00  L a 5.00x  10  1 ml 

..  ..  pF  <1.01x10'  laKSdOxIO  'm'l ,,  , 

Execute  (■)  0.2025  mob 

XT  <8.3 14  Ji'mol  ■ K *300  K) 

A',  -4(0.2025  mol  1(8.3 1 4 J.’mol  KX300  K|  - 758  J . 

(b)  m ^ -n.U  -(0.2025  mol  1(2.016  xl0‘*  kg  mol)  - 4.08  - 10  1 kg  . The  kinetic  energy  due  to  tbc  .peed  of  the  (cl 
it  K - lm  : - 4(4.08x10'*  kg*300.0  ml)'  - 18.4  1 . The  total  kinclie  energy  L% 


JC„  - A . A.  -18.4 1+758  J-776  J.Tbe  percentage  mcrcate  u — * 100%  ^ iiii-i  . 100% - 2.37% . 

Kld  776  J 

(O  No.  Tlx  temperature  is  associated  with  the  random  translational  motion,  and  that  hasn't  changed 
Evaluate:  Eq.(18.13)  gives  Ku  -4(1.0 1 x lo*  PaM  5 00*  10  * m*)-  758  J . which  agrees  with  our  result 

in  part  (a).  vim  - ^ - l.93x  10*  m's  . v4^  is  a lot  larger  than  the  speed  of  the  JcL  so  tbc  percentage  increase  in 

the  total  kinctx  energy,  calculated  in  part  <b).  k stmll. 


18-18  Chapter  18 


18.75. 


18.76. 


18.77. 


IDEN  llh  and  s*:r  L*P:  Apply  Eq.(18. 19)  far  vtm.  The  equation  prccccding  Iiq.(  1 8. 12)  relates  v._  and  (v4 
Execute:  <u>  >•  ^ Jsrtsm 


3(8.3145 J/mol  KX30OK)  ... 

v - • -517  ms 

28.0x10  kg.'mol 

«*>  t'X  SC-'L  “>  fiX  -(l  V5)«S17  m1*) - 29S  mi 

EVALUATE:  The  ;pccd  of  sound  is  approximately  equal  to  (»*,),..  since  it  is  the  motion  along  the  direction  of 

propagation  of  the  wave  that  transmits  the  wave. 

GJr 

IDENTIFY:  *1 

SKI  t'P:  M b|.99x  10'  kg  . R ^ 6.96  - 10' m anil  G - 6.673  xIO  " N • mV  kg' . 

..  . . /Sf  /3(l-38x  10  "J/K)  (5800  K)  , „ , 

Execute:  (u>  »•  - , — - J .20 x io‘  m/i 

V “I  \ <1.67  x ID  kg) 

lb>  v 


20U_  '2,6.673x10  'N • m '^HI  99- ■Q-kg)  , 

R V (6.96x10*  m) 


EVALUATE:  (c)  The  escape  speed  is  about  50  times  the  rms  speed,  and  any  of  Figure  1 8.23  in  the  textbook. 

Eq<  18.32)  or  Table  < 18.2 1 will  indicate  that  there  is  a negligibly  small  fraction  of  molecules  with  the  escape  speed. 

(a)  IDENTIFY  and  SET  Uf:  Apply  conservation  of  energy  A,  -t  L\  r WAm  - A*  + U2,  where  6’  - -Gn w^.  tr.  Let 
poant  1 be  at  lb:  surface  of  the  planet,  where  the  projectile  is  launched,  and  let  point  2 br  far  from  the  earth.  Just 
barely  escapes  says  v\  - 0. 

E\*.t  l TE:  Only  gravity  does  work  says  - 0. 

Ut  - -Gmmr  'Rt\  r,-»«  so  L\  - 0;  v\  - 0 so  A\  - 0. 

The  conservation  of  energy  equation  becomes  A',  - Gmm^  t Rf  -0  arxi  A,  = Gmm^f  Rp. 

But  g-frAHj, } R'9  so  Gmf  / Rr  - Rtg  and  A,  -»tgRt..  as  wjs  to  he  shown. 

Evaluate:  The  greater  gRt  is  the  more  initial  kinetic  energy  is  required  for  escape. 

(b)  IDENTIFY  and  SET  Up:  Set  A,  from  part  ia)  equal  to  the  average  kinetic  energy  of  a molecule  as  given  by 

Kq.(  18.16).  gR  (from part (•»  But  also.  *>  mgR'-jkT 

2mgR 


r.UXlTf:  I - 


IK 


nitrogen 

my  - (2S.0x  10  1 kg  moll  (6.022  xIO'  molecules  mol  l - 4.65x10 * kg  molecule 
T 2 mgK,  2(4.65x10  '*  kgmiic:ulc)(9.80m,4’K6.3l-l0*  ml 
-~t  3(1.3SI*IO  ' J.innlwule  Kl 

hydrogen 

m:l  -(2.02x10  ' kg  moll  (6022x10'  moleculnmol)  - 3.354xl0‘"  kgmolcciilc 
2(3.3S4x  10  " kg'molrcuk:l<9.K0 m'i'H6.3Sx IP' m)  . 


3* 

*"*K, 


M 1.38 lx  10  - J molecule  k l 


M T*. 
nitrogen 

2(4.65x10  ^ kgmofcculcMI.63  mV'MI. 74x10*  ml 
/ ■ 6730  K 

3(1-381x10—  JJnoIcculeK) 

hydrogen 

_ 2(3.354  x 10 1 kg  molecule  1, 1.63  m'i’UI  .74x10*  m)  ....  „ 

3(1.381x10  *4  J 'molecule -K) 

(<1  > EVALUATE:  The  “escape  temperatures"  arc  much  less  for  the  moon  than  for  the  earth.  Lor  the  moon  a larger 
fraction  of  the  molecules  at  a given  temperature  will  have  speeds  m the  Maxwell- Bolt/nunn  distribution  larger 
than  the  cscap:  srved.  Aticr  the  long  time  most  of  tb:  nxilcculcs  will  have  escaped  from  the  mom 
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18.78. 


18.79. 


IDIAIIFY:  V - 


SET  t’P:  A /„  = 2.02x  lo  1 kg'nxd . .If*  = 32.0x  10  1 kg/mol . Foe  Earth.  At  = 5.97x10*  kg  and 
R - 6.38  x I0‘  m . For  Jupttcr.  .1/  - l.90x  10*’  kg  are!  R - 6.91  x 10  m Foe  a sphere.  At  - . The 


escape  speed  is  >'  - 


Execute:  (u)Jup«cr:  v...  - j3(«.?l4Si/mo!  K«  I40K|/<2.02«1<)  ’kg/mol)  -1.3 1x10' m/n  . 
v.„.  - 6.06- 10*  ml . i„.  -0.022._,r  . 

Earth:  . >a  - JJiK.JUSJ/mnl  KK’20K)/(2.02x!0  ‘kg/mol)  -1.65-10'  m/s . - 1 .12 - 10'  ml . 

( l> > Escape  from  Jupiter  is  not  likely  for  any  molecule,  while  escape  from  earth  is  much  more  probable. 

(c>  vam  - ^3(8.3 1 45  J /mol  • K M 2XK  l/(32 .0 x 10  f kg/mol)  - 395 m/s.  The  radius  of  the  asteroid  is 
R = (3.l//4*p)‘  4 - 4.6Sx  1 0*  m.  and  the  escape  speed  rs  i_T  - yJlG.U/R  - 542  m/s  . Over  lime  IS:  02 
molecules  would  essentially  all  escape  and  Ihcrc  can  be  no  such  atmosphere. 

Evaluate:  As  Figure  18.23  in  the  textbook  show's,  there  are  some  molecules  in  the  velocity  distribution  that 
have  speeds  greater  than  \\tmt . But  as  the  speed  increases  above  \\UA  the  number  with  speeds  in  that  range 
decreases. 

IDENTIFY:  »•  - .i — — The  number  of  molecules  in  an  object  of  irocs  m is  S - nS\  - — jV,  . 

V ff?  At 


SET  L’P:  The  volume  of  a sphere  of  radius  r is  V - — rrr  . 


, i*T  3<1. 381x10  J/KK300KI  t ^ 

Execute:  — 1 1.24x10  4kg. 

vi.  (0.001 0m/s)* 

(b>  N-mNJM  = {1.24x10  MkgK6023xlO?imokcule^Tnol)/(l8.0xlO  'kg/mol) 
N - 4.1 6x10"  molecules. 


(c>  Tlie  diameter  is  D = 2r 


■ * 1 '.iSSEl 

A.z  4,i  * 


1(1.24-10  " kg) 
4.t(920  kit  m l 


2.95  « 10  ' m which  u loo  small 


to  see. 

EVALUATE:  decreases  as  m increases. 

Idem  it Y : For  a simple  harmonic  oscillator,  x = Aco*aX  and  v.  - -a* Anna*  . with  a>  - ijk Ti . 

Set  UP:  The  average  value  of  oos|2af)om  ooc  period  is  zero,  so  (sin*  - (cos*  . 

EXECUTE:  x- AcosaX  . vt  = -ettA  sin  ct*  . =4-U4‘<cosJ<w)-f . -imft>;/lJ(sin‘  . Using 

(sin*  f*)m  =<cas*W|,.  =4aixi  nuJ  -k  shows  that  K„  - . 

Evaluate:  In  general,  at  any  given  instant  of  time  U * K . It  is  only  the  values  averaged  over  ooc  period  that 

arc  equal. 

Idem  it Y : The  cquipirtition  prirx iplc  says  that  each  atom  lias  an  average  kitxiic  energy  of  i-47*  for  each  degree 
of  freedom  There  is  an  equal  average  potential  energy. 

SET  UP:  The  atoms  in  a three  d:n>:ns:onal  solid  have  three  degrees  of  freedom  and  the  atoms  in  a two- 
dimensional  solid  have  two  degrees  of  freedom. 

EXECUTE:  (u)  In  the  same  manner  that  EqX  18.28)  was  obtained,  the  heat  caparity  of  the  lvvo-dimrnsionil  solid 
would  be  2 R = 16.6  J mol  • K . 

< l» ) The  heat  capacity  would  behave  qualitatively  like  those  in  Figure  1S.21  in  the  textbook,  and  the  heat  capicity 
would  decrease  with  decreasing  temperature. 

EVALUATE:  At  very*  low'  temperatures  the  cquipartitxin  theorem  doesn’t  apply.  Most  of  the  atoms  remain  in  their 
lowest  energy  slates  because  the  next  higher  energy  level  is  not  areexsdile. 


18-20  Chapter  18 


18.82. 


18.83. 


18.84. 


18.85. 


18.8*. 


I DIN  I1IY : The  cquipirtition  prirxiplc  says  that  each  molccuk  has  average  kinetic  energy  of  ^kT  for  each  degree 
of  freedom  / - 2ik\L'2Y  . where  L is  the  distance  between  the  two  atoms  in  the  molecule.  A\4  -4/<u’ . 

SET  UP:  The  miss  of  one  atom  is  in  - .1/  *VA  -(16.0x10  1 kg/mol  >.'(6.02  x!0*;  mokcules.  mol)-  2.66  x 10  kg. 
EXECUTE:  (a)  The  two  degrees  of  freedom  associated  with  the  rotation  for  a diatomic  molecule  account  for  two- 
lift  hi  ol'lhc  lolal  kindle  energy.  k>  Ku  - nRT  -(1.00  nol)(8.JI45  J/mol  KKiOO  K|  - 249- 10*  J . 

|b)  l=2mal2)‘=2  | ll,  ,!'  **  "*'' 1 16.05x10"  ml’  = 1.94x10  * kg  m' 

1 I.  6.02?xl0-  inoleculet  . molj 

(cl  Since  the  result  in  part  (b)  is  for  one  mole,  the  rotaticeial  kinetic  energy  fee  ooe  atom  is  / Ar^  and 

2(2.49x10'  J) 


-- 


( 1.94  x 10  kg  m*  |<6 «23x  10**  molecules  mol > 


- 6.52  x 10  rad/s . This  is  much  larger 


C other  thin  from  vibration  is  iR  - 20.79  J mol  K and 


than  the  typical  value  for  a piece  of  rotating  machinery. 

Evaluate:  The  average  rotational  pcrxid.  T for  molecules  is  very  short. 

"... 

I DIN  I1IY : C%  - iV(ri?  | . where  jV  is  the  number  of  degrees  of  freednm. 

SET  UP:  There  are  three  translational  degrees  of  freedom. 

EXECUTE:  For  COt  % jV  - 5 and  the  contribution 

Ct  -$R  - 0.270  C,  . So  27%  of  C,  is  due  to  v ihration.  For  Kith  SO:  and  IkS*  iV  - 6 and  the  contribution  to  C, 
othr  than  from  vtfiraticei  is  - 24.94  J/mol  - K . The  respective  tractions  of  C,  from  vibration  are  21%  and  3.9%. 
EVALUATE:  The  vibratireial  contribution  is  much  less  for  II  .S . In  115*  the  vibrational  energy  steps  are  Lirger 

because  the  two  hydrogen  atoms  have  small  mass  and  » - *Jk  >m  . 

IDENTIFY:  F.valuate  the  integral.  as  specified  in  the  problem. 

SET  L’P:  Use  the  integral  formula  given  in  Problem  18.85.  with  a - m 2AT . 

^ = 4,1  -=-f 


EXECUTE:  la} 


IzkT)  i \2xkT)  \tyut;2kT)  \\m:2*T 

EVALUATE:  (b)  /(v)dv  is  the  probability  that  a particle  has  speed  between  v and  v + dr;  the  probability  lhat  the 
particle  has  some  speed  is  unity,  so  the  sum  l integral  l of  /(r  tdr  must  be  1 . 

IDEN  TIFY  and  SET  Lr P:  Evaluate  the  integral  in  Eq.(  1 8.3 1 ) as  specified  in  the  problem 
Execute:  J r*/(v)  * = ts{mi2xkrf 1 J vV* 241  dr 

The  integral  formula  with  ;i-2  gives  vV*r  dr  = (3'8aJ  \>[xJa 

Apply  with  a - m.' 2AT.  j V /(»•)  dr  = Ax{mt2xkT)1  2<3.'8)(2XTmF ^2xkTm  ^WlKlkTSm)  - 3XTm 

Evaluate:  Equation  ( 1 8. 16)  says  7m\  v 1 - 3J77  2.  so  <!•*),.  - 3JT  fm.  in  agreement  with  our  calculation 

IDENTIFY:  Follow  the  procedure  specified  in  the  problem. 


SET  Up:  If  r = a*  . then  dx  - 2refr  . 

Execute: 


Makini!  the  suggested  change  of  variable,  r*  - a.  2rdr  - dx_ 


vVr  - (l.*2)x  dx.  and  the  integral  becomes 
which  is  Eq.  (IS.35). 

EVALUATE:  TTie  integral  fi/(v)dv  is  the  dclinitxm  of  r . 
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18.87. 


18.88. 


18.89. 


18.90. 


18.91. 


IDENTIFY:  /{v)dv  rs  the  probability  that  a particle  has  a speed  between  i and  v * . Eq.(  1 8.32)  gives  /(v) . 

**  given  by  Eq.(  18.34). 

SET  UP:  For  0;. , Ibe  trass  of  one  molecule  is  m - A/  i \\  - 5.32  x 10  kg . 

Execute:  (a)  /{vydv  is  Ibe  frartion  of  Ihc  particles  that  have  speed  in  the  range  from  v to  v+  dv  . The  number 
of  particles  with  speeds  between  v and  v -t  dv  is  therefore  rf.V  - Nf{y)dv  and  AiV  - iV).  f{y\dv. 


(b) Selling  r-v 


-J?1 


M.l  S»o/(vlf)^  — 


ki 


2kT\ 


r 


For  oxygen  gas  at  300 


=3.95x10*  mi's  and  /(v)Av=  0.042L 

|c)  Increasing  v by  a factor  of  7 changes  f by  a factor  of  7 V*\  and/ (v)Av  - 2.94  x 10  31 . 

(d)  Multiplying  Ihc  temperature  by  a factor  of  2 increases  the  most  probable  speed  In*  a factor  of  ^2,  and  the 
answers  are  decreased  by  yfl:  0.0297  and  2.0S  x 10  2*. 

(e)  Similarly,  when  the  tcir^veraturc  is  one  half  what  it  was  parts  lb)  and  (c).  the  fractions  increase  by 

to  0.0595  and  4.15*  10 

Evaluate:  (f ) At  lower  temperatures,  the  distribution  is  more  sharply  peaked  about  the  maximum  (the  most 
probable  speed),  as  is  shown  in  Figure  18.23a  in  the  textbook. 

Identify:  Apply  the  definition  of  relative  humidity  given  in  the  problem.  pV  - nRT —RT  . 

.1/ 

SKI  Up:  M =18.0*10'  kg.  mol . 

Execute:  (u>  Ihc  picture  due  to  water  v^hw  ii  (0.60*2.34*  10'  Pal  - 1.40*10*  Pa. 

MpV  (18.0*10  ‘kD'molKI.40*10*  PaMI.OOm'l 

(b)  T7,  . 10  u. 

RT  (8.3145  J/mol  K 8293. 15  K) 

EVALUATE:  The  vapor  pressure  of  water  vapor  at  this  temperature  is  much  less  than  the  total  atnxisphenc 
pressure  of  1.0x|0*  Pa  . 

IDEM  in : Hie  measurement  gives  the  dew  point.  Relative  humidity  is  defined  in  Problem  I8.SK. 

SKI  IP:  retail  humidity  - P*"'"'  ol'"altt  ^ * lcn"vr-"u":  1 

vapor  pressure  o!  water  at  temperature  7* 

EXECUTE:  TTic  experiment  show's  that  the  dew  point  is  16.0CC,  so  the  partial  pressure  of  water  vapor  at  30.CFC 
is  equal  to  the  vapor  pressure  at  16.0:C  winch  is  1.8 lx  10'  Pa. 

Thus  the  relative  humidity  — - — _L_Ll  - 0.426  - 42.6%. 

4.25x10*  Pa 

EVALUATE:  The  lower  the  dew  point  is  compared  to  the  air  ten^ierature.  the  smaller  the  relative  humidity. 
IDENTIFY : Use  the  definition  of  relative  humidity  in  Problem  18.SK  and  the  vapor  pressure  table  in 
Problem  18.89. 

s»:r  UP:  At  28.0°C  the  vapor  pressure  of water  is  3.78x  10*  Pa  . 

Execute:  For  a relative  humidity  of  35%  the  partial  pressure  of  water  vapor  is 

(0.35)<3.7Sx  !0;  Pa)- 1.323x10'  Pa  This  is  dare  to  the  vapor  pressure  at  12°C,  which  would  be  at  an  altitud: 
(30:C  -l2°C)/(0.6°Cyl00  m)  = 3 km  above  the  ground.  For  a relative  humidity  of  80%,  the  vapor  pressure  will  be 
the  same  as  the  water  pressure  at  arourcl  24:C,  corresponding  to  an  altitude  of  about  I km. 

Evaluate:  Clouds  form  at  a lower  height  when  the  relative  humiditv  al  the  surface  is  larger. 


IDF.N  HFN : liq.l  18.2 1 ) gives  the  mean  free  ruth  A . In  Eq.f  1S.20)  use  v - 


in  place  of  v . 


p V - nRT  - NkT . The  escape  speed  is  » 


ZGM 


SKI  UP:  For  atomic  hydrogen.  M - I.OOS*  10  ' kg  mol . 

EXECUTE;  (u>  From  Eq.llS.2IJ.  x - (ix-j2r‘(K/yti  ' - (42^15.0*  10  " m)'(SO*IO*  m '»  ' - 4.5x10' 
(h>  v._  - JiRTtM  - ^3(8.3145  J/mol -KM20K)/ll. 008. 10  ' kg-  molt  - 703  m/s.  and  the  time  between 
collisions  is  then  (4.5 x 10“  m)/(703  m/%)  - 6.4  x 10*  s.  about  20  yr.  Collisions  arc  not  very  important. 

(c)  p*{NfV)kT* (50/1.0x10*  ml)(1.3SlxlO  iij/KM20K)- 1.4x|0  M Pa 


a 


! 8*22  Chapter  18 


18.92. 


18.93. 


v,  „ - ^|8.T.'3|(6.673xia  " N nT  kg'MSO* Iff’  rn  'MI.^-lO  ""  kBl(IO»9.46<  1C'  m); 
vr,t-  - 650  m/s.  This  is  lower  than  r1-#  and  the  cloud  would  tend  to  evaporate. 

(c)  In  equilibrium  (clearly  not  thermal  equilibrium!,  the  pressure*  will  be  the  umc:  from  pY  - XiT. 
kT^(NfV\^~kT^<StV\^  and  the  result  folkiws. 

(f ) With  the  result  of  part  (c> 

T -T  (m^)a(20K)  5l,'IO  nl  ,2.10' K. 
l W,*.  J I (200. 10  m ) ) 

more  than  three  times  the  tenqieraturc  of  the  sun.  Tliis  indicates  a high  average  kinetic  energy,  but  the  thimxss  of 
the  ISM  means  that  a ship  would  not  bum  up. 

EVALUATE:  The  temperature  of  a gis  » determine!  by  the  average  kinetic  ciXTgy  per  atom  of  the  gas.  The 
energy  density  for  the  gx % also  depends  on  the  number  of  atoms  per  unit  volunx.  and  this  is  very  small  fee  tlx  ISM 
iDLMItY:  Follow  the  procedure  of  Ilxamp&c  18.4,  but  use  T -Tt  -try . 

Si:r  LTP:  Ini  1 ♦ x)  * t wlten  r ts  very  small. 


Execute:  (u>  tip.  - — rr-  whxh  m this  case  becomes  — - -iil—li. — 
dy  RT  p R r -«t 


This  integrate*  to 


ln|  — I -^!Lln|  1— — I 


Pi  I 


,-sr. 


r,.  I 


(H)  For  sufficiently  small  ln<  I - ^1-)  * ”“7“*  am* lhi*  gives  the  expression  Arrived  in  lixairplc  18.4. 

r.  t. 


5.6576  and 


|l>  6 *10  i"  mMSS6.1  ml  „V|C1  A/g  ilS.h  > 1»V  »|9.M)  m c » 

(288  K)  ) ' Ra  (8.3145  i mol  KK0.6x  10  * C*/m) 

/?„(0.8154><fc5:*  - 0.315  atm,  which  is  0.95  of  the  result  found  in  Example  18.4. 

EVALUATE:  The  pressure  is  calculated  to  decrease  more  rapidly  with  altitude  when  we  assunx  that  T also 
decreases  with  altitude. 

iDEVTin  and  S*:r  L’P:  Tlx  behavior  of  isotherms  for  a real  gas  above  and  below  the  critical  point  are  shown  in 
Figure  18.7  in  the  textbook 

Execute:  (u)  A positive  slope  would  mean  that  an  increase  in  pressure  causes  an  increase  in  volume,  or 

that  decreasing  volume  results  in  a decrease  in  pressure,  which  cannot  be  the  case  for  any  real  gas. 

(b)  Sec  Figure  IS. 7 in  tlx  textbook.  From  part  (a),  p cannot  have  a positive  skirx  along  an  isotherm,  and  so  can 


have  no  extremes  (maxima  or  minima!  along  an  isotherm.  When  ^77  vanishes  along  an  isotherm,  the  point  on  the 


S‘p 


curve  in  a />•*  diagram  must  he  an  inflection  point,  and  - 0 . 


(C»  p - 


'•HT  an ‘ ip 


nKT  2an‘  6*d  2/iRT  ban 


V - nb  V'BV~  (P-nhy  V il':  tV-nb) 


Setting  the  last  two  of  these  equal 


rcru  gives  V'rtRT  - 2anl{V  - /?6);  and  V4nRT*  ImfiV-nbf. 

( <1  > Following  the  hint.  V = (3/2XF  -nh%  which  is  solved  for  {Vfn)t  - 36.  Substituting  this  into  either  of  the  last 
two  expressions  in  part  (c)  give*  7^  - Sa/27 Rb. 

RT  a ^R(SamRb)  a a 

\V  ill  -6  (r//j»  2b  W 2 W 


M /> 


HI 


|8ir/276)  K 


10  p.iVjn).  (al21b'flb  3 
(C)  1L : 3.28.  N*:3.44.  IF0  4.35. 

EVALUATE:  (h)  W hile  all  are  ckisc  to  K*'3.  the  agreement  is  not  good  enough  to  be  useful  in  predicting  critical 
poant  data  TT»e  vjn  der  Waals  cqiution  models  certain  gases,  and  is  not  accurate  for  substances  near  critical  points. 
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18.94. 


I DLVim  and  S*:i  U P:  For  V partic let.  v 


i*  - 


N 


EXECUTE:  (■)  v.  = id',  -» v3) . ^ ■»  v!  and 

'i.  - >i  - + »$)-  Jo? +*$ + >.  > = * v.:  - 2v,v<) , !<»-,  - 

This  shows  tbit  t»„4  2 v^.  with  equality  bolding  if  and  oily  if  the  particles  have  tbc  same  speeds. 
|b>  v!  *Vv-#  ru).  and  the  given  forms  follow  immediately. 

(c>  The  algebra  is  similar  to  that  in  part  (a);  it  helps  somewhat  to  express 

- -v777<  V"|V  * 1 ) - 1 )>;.  + a v.,1  *«v-.i)- n)u‘  > . 

S=JLva  - V <-»  *2v  U-UJ).J_U; 

* AM  * (V  * I > V * 1 


Then. 

v°  -v  ‘ 


C-V  + l) 

this  difference  is  necessarily  positive,  and  v^  > v',. 

|d | The  result  has  been  shown  for  .V  - I.  and  it  has  been  shown  tbit  validity  for  X implies  validity  for  *V  + l;  bv 


induction,  the  result  is  true  for  all  X. 

EVALUATE:  i > y because  v — gives  more  weight  to  particles  that  have  greater  speed 
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19.1.  (a)  IDENTIKV  and  SET  Ilf:  The  presvure  is  constant  and  the  volume  increases. 

P 

J , The  p I* diagram  is 

• • sketched  in  Figure  1 9. 1 

' V 

Figure  19.1 

(bni'.J  ‘ PdY 

Since  p is  constant.  W - pf  dh'  - pH V3  -Vx) 

The  problem  gives  7*  rather  than  p and  V%  so  use  the  ideal  gas  law  to  rewrite  tlie  expression  for  W. 

Execute:  pV  - nRT  so  pV  - nRTx , pA\  - nRT i;  subtracting  the  two  equations  gives 

pK-V^nRiT-T,) 

Thus  W - nR\T  -7])  is  an  alternative  expression  for  the  work  in  a constant  pressure  process  for  an  ideal  gas. 
Then  W - nR(T}  — TJ  = (2.00  mol*S.3l45  Jnxil  KKI07*C-  2?:C)  = *1330  J 
Evaluate:  The  gas  expands  when  heated  and  d<xs  positive  work. 

19.2.  IDENTIFY:  At  constant  pressure.  W - pAV  - nR\T. 

SET  UP:  R - 8.3145  X mol  K.  AT  his  the  same  numerical  value  in  kclvins  and  in  C\ 

EXECUTE:  AT^-li-  -1  'V,  l’’  / — —»  = 35.1  K.  A71  r and  r,  -27.0°O35.1‘Ce62.FC. 

II/?  (6  mol)  (8.3145  J/mol-K)  K 1 J 

Evaluate:  When  Hr  >0  the  gas  expands.  When p is  constant  and  I’  increases.  T increases. 

1 9.3.  I DEM  m : Example  1 9. 1 shows  that  for  an  isothermal  process  IF  - nR T ln(  px  f p > ).  p V - nRT  says  I’  decreases 
whcn/>  increases  and  T is  constant. 

SETUP:  T ^358.15  K px=Xpx. 

EXECUTE:  (u)  The  /il'diagram  is  sketched  in  Figure  19.3. 

<b)  W ■=  (2.00  molXS.314  J mol  K)(358.IS  K)lnj  JJ-  j - -6540  J. 

EVALUATE:  Sinec  V decreases.  H is  negative. 


Figure  19  J 


19.4.  IDI.M1FY:  Use  the  expression  for  IF  that  is  appropriate  to  this  type  of  process. 

SET  UP:  The  volume  is  constant. 

EXECUTE:  (u)  The  pV  diagram  is  given  in  Figure  19.4. 

(b)  Sinec  &Y  = 0.  W = 0. 

19-1 
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19.5. 


Evaluate:  For  any  constant  volume  process  ihc  work  done  is  zero. 


Figure  19.4 


iDl  vim : Example  19. 1 shows  that  for  an  isothermal  process  W - tiRT^p,  p2).  Solve  for  p . 

SET  Up:  For  a compression  ( V decreases)  W is  negative,  so  If'  - -51 H J.  T = 295. 1 5 K. 

Execute:  (.)  2L-J«\  . 2L, !lii -0.692. 

n/f7*  jpj  ^ ulfr  (0.305  mol  X8.3 14  J mol  K)(295.15  K) 


p-ftf  ur  ■(1.76 atmlr**1  = 0.881  atm. 

<b)  In  the  process  tbc  pressure  increases  and  the  volume  decreases.  The p V diagram  is  sketched  in  Figure  19.5. 
Evaluate:  IF  is  the  work  dow  by  the  gas.  so  when  the  surroundings  do  work  on  the  gas,  IF  is  negative. 


Figure  19.5 


19.6.  (a)  IDENTIFY  and  Sn  Ur:  The  pF-diagram  is  sketched  in  Figure  19.6. 


Figure  19.6 

<b)  Calculate  IF  for  each  process,  using  Ihc  expression  for  IF  that  applies  to  th:  spxific  type  of  process. 

Execute:  i ->2,  af  = o.  so  w = o 
2->3 

p rs  constant:  so  IF  - p AY  - ( 5.00  * 10*  Pa  M0. 1 20  m ‘ - 0.200  m‘ ) - -4.00  x 10*  i ( If'  is  negative  since  the  volume 
decreases  in  the  process.) 

.i  ♦ = -4.00  x 10'  J 

Evaluate:  The  volume  decreases  so  the  total  week  <kmc  is  negative. 

19.7.  iDIAiitv:  Calculate  IF  for  each  step  using  the  appropriate  expression  for  each  type  of  process. 

SET  UP:  When  p is  constant.  W = pA V.  When  AV  = 0.  If'  - 0. 

Execute:  (u)  Hrn  = p( Fj-K,),  JF^PiW-Fi)  and  H'4I  = 0.  Th:  total  work  done  by  the  system  is 

w!i  + - (p.  - PiWi  • F|).  which  is  the  area  in  (be pV plane  enclosed  by  the  loop. 

<b)  For  the  process  in  reverse,  th:  pressures  arc  the  same,  but  th:  volume  changes  arc  all  the  negatives  of  those 
Found  in  part  (a),  so  the  total  week  is  n:gativc  of  the  work  fourxl  in  part  (a). 

Evaluate:  When  AY  > 0.  IF  > 0 and  when  AV  <0.  W < 0. 

19.8.  Identify:  Apply  A U-Q- W. 

SET  UP:  For  an  ideal  gas.  U depends  only  cm  T. 
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19.9. 


19.10. 


19.11. 


19.12. 


19.13. 


Execute:  (u)  K decreases  and  W is  negative. 

<b)  Since  T is  constant.  AU  - Oand  O - IT.  Since  IT  is  negative,  Q is  negative. 

(c)  Q - Wy  the  imgnitudcs  are  the  san*:. 

Evaluate:  O < 0 means  heat  flows  out  of  the  gas.  The  plunger  does  positive  work  on  the  gas.  The  energy  added 

by  the  positive  week  ikmc  on  the  gas  leaves  as  heat  flow  out  of  the  gas  and  th:  internal  energy  of  the  gas  is 
constant. 

IDENTIFY:  ACr  - Q - W.  For  a constant  pressure  process,  IT  - />AJ*. 

SET  UP:  Q - ♦ 1 . 1 5 x 10''  J.  since  heat  enters  the  gas. 

Extent:  (u>  H'  = /»Ar  =<1.80x10*  Pa>|0.320  m1 -0.1 10  m')  - 3.78. 10*  ). 

<■>>  Af-O-H'-l. 15-10'  J-3.78.10’  J = 7.72.I0‘  J. 

EVALUATE:  <c)  A'  - pAV  for  a constant  pressure  process  and  AU  -Q-W  both  ap^ilv  to  any  matcnal.  The  ideal 
gas  law  wasn’t  used  and  it  doesn’t  matter  if  the  gas  is  ideal  or  not. 

Idem  in : The  type  of  process  is  not  specified.  We  can  use  AIS  -Q-  W*  because  this  applies  to  all  pnxesse*. 
Calculate  AC  and  then  from  it  calculate  AT. 

SET  UP:  Q is  positive  since  heat  goes  into  the  gas;  Q - + 1 200  J 
Hf  positive  sircc  gas  expands;  W - +2 1 00  J 
Execute:  At/  = 1200 J- 210) J = -900 J 

We  can  also  use  A U - ;j(  •/? ) A 7*  since  this  is  true  for  any  process  for  an  ideal  gas. 


2 AC 2{-900  J) 

3nrt  ~ 3(5.00  mol  #8.3 145  J mol  K| 


-14.4C: 


T - 7]  * AT  ^ \2rC- I4.4C°  - 1 I3°C 


EVALUATE:  More  energy  leaves  the  gas  in  the  expansion  work  than  enters  as  heat  The  internal  energy  therefore 
decreases,  and  for  an  ideal  gix  this  means  the  temperature  decreases.  We  didn't  hive  to  convert  A 7*  to  kclvxns 
since  AT  is  the  some  on  the  Kelvin  and  Celsius  scales. 

IDENTIFY:  Apply  A U -O-W  to  the  air  inside  the  ball. 

SET  Up:  Sirxc  the  volume  decreases.  A*  is  rcgative.  Since  the  concession  is  sudden.  Q - 0. 

Execute:  a U=Q-  W with  Q-  0 gives  AU  ^ -W.  W < 0 so  At/  > 0.  AU  - +4 10  J 
<b>  Since  AU  >0.  the  temperature  increases. 

Evaluate:  When  the  air  rs  compressed,  work  is  dccic  cci  the  air  by  the  force  on  the  air.  The  work  done  ixi  the 
air  increases  its  energy.  No  energy  leaves  the  gas  as  a flow  of  heat,  so  the  internal  energy  itxrcascs. 

I DEMI  tv  and  SET  UP:  Calculate  Hf  using  the  equation  for  a constant  pressure  pnxess.  Then  use  AL'  - Q - W to 
colcuhte  Q. 

f f> 

(a)  Execute:  H'  - I p dV  - p{Vi  - \\)  for  this  constant  pressure  process. 


H* -(23x10*  Pa  1(1.20  m*  -1.70  m‘j  - -1.15x10'  J (The  volume  decreases  in  the  process,  so  IE  is  negative.) 

(b>  A U*Q-W 

Q-AU  = -l.40x|0*  J + (-l.  15x10'  JU-2.5SxlO*  J 
O nrgative  means  heat  flows  out  of  the  gas. 
f r. 

(c|  Evaluate:  it  - J p dY  - /<K  - 1\ ) (constant  pressure)  and  AU  - O-W  apply  to  any  system,  not  just  to 

an  ideal  gas.  We  did  not  use  the  ideal  gas  equation,  cither  directly  or  indirectly,  in  any  of  th:  calculations,  so  the 
results  arc  the  same  whether  th:  gas  is  ideal  or  not. 

IDES I1FY:  Calculate  the  total  food  energy  value  for  ccic  ikmghmit  K - rffli  '. 

SETUP:  1caU4.186J 

Execute:  (a)  The  energy  Is  (2.0  g»4.0  keal/g)  * (17.0  gK4.0  keal/g)  *(7.0  gX9.0  kcaVg)-l39  keal. 

The  time  required  is  (139  kcal|/(S 10  keal/h)  - 0.273  h - 16.4  min 

<h>  v - - ^2(139«  10'  cal)(4.IS6  J,cal)/(60  kg)  ^139  m/t  - 501  km'h. 

Evaluate:  When  we  set  K - Q.  we  must  express  O in  i.  so  we  can  solve  fee  t in  m s. 

Identify:  Apply  AU  -Q-W. 

SET  UP:  W > 0 when  the  system  does  work 


19.14. 
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19.15. 


19.16. 


19.17. 


19.18. 


19.19. 


19.20. 


Execute:  (u)  The  contains  is  saxi  to  be  well -insulated,  so  then:  it  no  heat  transfer. 

<b)  Stixnng  requires  work.  The  stimng  needs  to  be  irregular  so  that  the  stirring  iwchanism  moves  against  the 
water,  not  with  the  water. 

(c>  The  week  mentioned  in  part  <b)  is  work  done  on  the  system,  so  W <0.  and  since  no  heat  has  been  transferred. 
A6*  «-lf  >0. 

Evaluate:  The  stimng  adds  eixrgy  to  tlie  liquid  and  this  energy  stays  in  th:  liquid  as  an  inrrease  in  mtcmil 
energy 

iDEvniY:  Apply  A U - O - H'  to  the  gas. 

SETUP:  For  the  process.  Af  = 0.  Q » +400  J since  beat  goes  into  the  ga& 

Execute:  (u)  Since  AT  ^ 0.  W ^ 0. 
p nR 

constant 

T V 

(c> Since  If  = 0.  AC’  -O^  +400  J.  b\  -= L\  + 400  J. 

Evaluate:  For  an  ideal  gas.  when  T increases.  V increases. 

IDENTITY:  Apply  At/  -Q-  W.  |lf|  is  the  area  under  the  path  in  the  pi '-plane. 

SET  UP:  W > 0 when  I ' increases. 

EXECUTE:  (u)  The  greatest  work  is  done  along  the  path  that  hounds  the  largest  area  above  the  f-axis  m the  p-  V 
plane,  which  is  path  1.  The  least  work  is  done  along  path  3. 

<b>  W > 0 in  all  three  cases;  O = A U + H\  % oQ>0  for  all  three,  with  the  greatest  Q far  th:  greatest  work,  that 
along  path  I When  Q > 0.  brat  rs  absorbed. 

EVALUATE:  A V is  path  independent  and  dcfvnds  only  on  the  initial  and  final  slates.  IE  and  ()  are  path 

independent  and  can  have  different  values  for  different  paths  between  the  san>:  initial  and  final  states. 

IDENTIFY:  a V -Q- If.  W is  the  area  under  the  path  in  the pf -diagram.  When  the  volume  increases,  W > 0. 
Set  Up:  For  a complete  cycle.  AC/  - 0. 

Execute:  (u)  and  <l>)  The  clockwise  loop  (11  enckises  a larger  area  in  the p»V plane  tlun  the  counterclockwise 
loop  < II).  Clockwise  kiops  represent  positive  work  and  counterclockwise  loops  negative  work,  so 
Hi  > 0 and  W{1  < 0.  Over  one  complete  cycle,  the  nd  work  l»i  + H;,  > 0.  and  the  net  work  done  by  the  system  is 
positive. 

<c)  For  the  complete  cycle,  A U - 0 and  so  W - Q . From  port  la).  If  >0.  so  O > 0.  and  heat  Hows  into  the 
system. 

<d)  Consider  each  loop  as  beginning  and  ending  at  the  intersection  point  of  the  loops  Around  each  loop, 

A6’  - 0.  so  Q - If;  then,  Ol  - If,  > <)  and  Qa  - H\  < 0.  llcat  flows  into  the  system  for  loop  I and  out  of  the  system 
for  loop  II. 

EVALUATE:  If  and  ()  are  path  dependent  and  are  in  general  not  zero  for  a cycle. 

IDENTIFY  and  SET  Up:  Deduce  information  about  Q and  If  from  the  problem  statcnxnt  and  then  apply  tbc  first 
law.  AC’  - Q - W%  to  infer  w hether  Q is  positive  or  negative 

Execute:  (u)  For  the  water  AT  > 0.  so  by  Q s me  AT  beat  has  been  added  to  the  water.  Thus  heat  energy 
conxs  from  the  burning  furl-oxygen  mixture,  and  Q for  the  system  (fuel  and  oxygen)  is  negative. 

<h)  Constant  volume  implies  If  - 0. 

(cl  The  1st  law  (Eq. 1 94)  says  AU  =Q-W. 

Q<  0.  If  — 0 so  by  the  1st  law  AV  < 0.  Tbc  internal  energy  of  tbc  fuel  oxygen  mixture  decreased. 

EVALUATE:  In  this  process  internal  energy  from  the  fuel-oxygen  mixture  was  transferred  to  the  water,  rusting  its 
temperature. 

IDENTIFY:  AV  = Q - If.  For  a constant  pressure  process.  If  - pAV. 

SETUP:  O-  +2.20*10*  J;  Q>  0 since  this  amount  of  heat  goes  into  tbc  water  />-  2.00  atm  - 2.03  * 10*  Pa. 

Execute:  m>  = <2.03x1  o'  Pjxo.s’4m‘-i.ooxio  1 m')-i.67xio'  I 

<b»  \U  - O-H'  = 2.20- Iff’  J-  1.67x10'  J-  2.03- 10'  J. 

EVALUATE:  2.20x10*  J of  energy  eiUenthe  water  1.67x10'  I of  energy  leave*  the  mucriaUr  Ihnxigb 
expansion  work  and  tbc  rcmiinder  stays  in  tbc  nvitcrial  as  an  increase  m internal  energy. 

Identify:  a V=Q-W 

SET  UP:  Q < 0 when  heat  leaves  tlic  gas. 

Execute:  For  an  isothermal  process.  A U - 0,  so  If  - O - -335  J. 

EVALUATE:  In  a compression  the  volume  decreases  and  If  < 0. 


(h)  pr  - nRT  savs 


Since  p doubles.  T doubles.  Tt.  - 27\ 


The  First  Law  of  Thctmodyxumics  19-5 


19.2 1.  IDI  N OR  : For  a constant  pressure  process.  W - pA\\  Q - nC/kT  and  A U - irC,  A T.  AU  - Q - IF  and 

Cy  = C,  + /?.  Foe  an  ideal  ga*  pAF  - JitfAf. 

SET  UP:  From  Table  19. 1.  C,  = 28.46  J/mol  K. 

Execute:  (u)  The />!' diagram  ix given  in  Figure  19.21. 

(b)  W - pF*  - />*;  ^ itJ?|T% -7])^ (0.250  molK8.3 145  J/mol  KK  100.0  K> - 20S  J. 

(c>  Tlic  week  is  done  on  the  piston. 

<d)  Since  Eq.  (19.13)  holds  for  any  process.  AC’  ^ itC,  AT  = (0.250  moh(2846  J/mol  KM100.0  K)  - 712  J. 

(e)  Either  Q - nCpAT  or  Q - AU  + W gives  Q - 920  J to  three  significant  figures. 

( f)  Tlie  lower  pressure  would  nxan  a correspondingly  larger  volume,  and  the  net  result  would  be  that  the  work 
done  would  be  the  same  as  tbit  found  in  port  |'b). 

Evaluate:  IF  - nRAT,  so  If.  Q and  A U all  depend  only  i>n  AT.  When  T increases  at  constant  pressure.  V 

increases  and  IF  > 0.  AU  and  Q are  also  positive  when  T increases. 


19.22.  IDENTIFY:  Foe  constant  volume  {J  - nC , AT.  For  constant  pressure.  (?  — nC^T.  For  any  pnxess  of  an  ideal 
gas.  AU  = nCt  AT. 

SET  L’P:  R ■-  8.315  J/mol  K.  For  brlium.  C%  = 12.4?  J/mol  K and  Cv  ^ 20.7S  J/mol  K 

Execute:  (u)  Q = nC,AT  = (0.0100  nxil|(  12.4? J/mol  K*40.0  C°)^499J.  TTiepF-dugraun  ix  sketched  in 

Figure  19.22a. 

<!»  Q-nCyAT  = (0.01  M molH20.78  Xmol- K 1(40.0  C&)-83l  J.  The pY- diagram  is  sketched  in  Figure  19.22b. 

(c)  More  heat  is  required  for  the  constant  pressure  process.  A U is  the  sjmc  m both  eases.  For  constant  volume 
H'  - 0 and  for  ccmstant  pressure  IF  > 0.  Tlx  additional  beat  energy  required  for  constant  pressure  goes  into 
expansion  work. 

(d)  AU  - nCt  AT  - 4.99  J lor  both  processes.  A V is  path  independent  and  for  an  ideal  gas  depends  only  on  AT. 
Evaluate:  Cp  = cy  r R,  so  C,  > C, . 


(a)  <b) 

Figure  1 9.22 


19.23.  Ideyiify:  Foe  constant  volume.  O - ji C\  AT.  For  constant  pressure.  Q - nC^AT. 

SET  UP:  From  Table  19. 1 . C,  20.76  J rnol  • K and  C\  --  29.07  J mol  K 

EXEC  nit:  WU*,E*».«W.ia  „m*-  K)  ‘ l67"  K ■"J  r-’“K- 

The  /rl*diagram  is  sketched  in  Figure  19.23a. 


1 96  Chapter  19 


( It  I Using  ruuation  1 19.141.  AT - 


Q 


J 


(U.Iss  mol  ii  29.0"  J inul  K;» 


- 1 19.9  K and  T-900 


The diagram  is  sketched  in  Figure  19.23b. 

Evaluate:  At  ccoistant  pressure  some  oflbc  heat  energy  added  to  the  gas  leaves  the  gas  as  expansion  work  and 
the  internal  energy  change  is  less  than  if  the  same  amount  of  heat  energy  is  added  at  constant  volume.  AT  is 
proportional  to  At*. 


(a)  (b) 

Figure  19.23 

19.24.  I Dl.v it t\  and  SET  L'P:  Use  information  about  the  pressure  and  volun*:  in  the  ideal  gas  law 
of  AT.  and  from  that  the  sign  of  O. 

Execute:  for  constant  p.  Q - nC\  A T 

Since  the  gas  is  ideal.  pV  - nRT  and  for  constant  p.  pAV  - nRAT. 


determine  the  sign 


pAV 

aR 


p±>' 

a 


Since  the  gas  expands.  AV  > 0 and  th^cforc  Q > 0.  ()  > 0 ireans  beat  goes  into  gas. 

EVALUATE:  Heat  flows  into  the  gas.  If  is  positive  and  the  internal  energy  increases.  It  must  he  that  O > If. 

19.25.  iDEVnn : AV -Q- W'  For  an  ideal  gas.  ACr  - C,  AT.  and  at  constant  pressure.  W - pAV  - nRAT. 

SET  Up:  Ct  - ±R  for  a monatomic  gas 

EXECUTE:  ALr  - a(£*)A7  - ±p Af  - ±\V.  Thm  O - AV  + if  = jlf,  so  WjQ  ^ f 

Evaluate:  For  diatomic  or  polyatomic  &lscs.  Ct  is  a ditYerent  multiple  of/?  jnd  the  fraction  of  Q that  is  used 
for  expansion  work  is  different. 

19.26.  IDEMIFV:  For  an  ideal  gas.  AV  = C \ AT.  and  at  constant  pressure.  pAV  - nRAT. 

SET  Up:  Ct  - ±R  for  a monatomic  gas. 

Extern!:  AL'^n|4«)Ar-ipAI'-^(4.00-10‘  PaKK.OOxlO  1 m‘ -2.00.10  * m')-360J. 

EVALUATE:  W - »R-\T  = i&U  - 240  1 O-  nC,AT  - it<±R)AT  - L\U  - 6X  i.  6M  i of  heal  energy  flows  Into 
tlie  gas.  240  J leaves  as  cxpansxm  work  and  360  J remains  in  the  gis  as  an  increase  in  internal  energy. 

19.27.  IDENTIFY:  For  a constant  volume  process.  Q - nCt  AT.  For  a constant  pressure  process.  O - nCpAT.  Fi>r  any 
process  of  an  ideal  gas,  AV  -nCtAT. 

SETUP:  From  Table  19.1.  for  N:.  C\  - 20.76  J/mol  • K and  Cp  =29.07  J/moMC.  I leal  is  added,  so  Q is 
positive  and  0--+1S57  J. 

Execute:  (u>  A 7*  - — ^ +25.0  K 

nC,  (3.00  nwlX20.76  J/mol  K) 

(10  A7*-2 l—i +17.9  K 

nCp  (3.00  mol  X 29.07  J/mol  K) 

(c)  AV  - nC,  AT  for  either  process,  so  AV  is  larger  when  AT  is  larger.  The  final  internal  energy  is  larger  for  the 
constant  volume  process  in  (ak 

Evaluate:  For  constant  volume  If*  - Oand  all  the  energy  added  as  heat  stays  xn  the  gas  as  internal  energy.  For 
the  constant  pressure  process  the  gas  expands  and  If  >0.  Part  of  th:  energy  added  as  heat  leases  the  gas  as 
expansion  work  done  by  the  gas. 
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19.28.  I DEN  T1TY:  Apply  pY  - r.RT  to  calculate  7 Tor  this  constant  pressure  process.  W - pAV.  Q - nC^AT.  Use 
AU  = Q - W to  relate  ft  W and  AC/. 

SETUP:  2.50  atm  = 2.53x10'  Pa.  For  a monatomic  ideal  gas.  C,  = 1247  - K and  Cr  = 20.78  Jmol-K. 

Execute:  „»  r rK  J2.^o' m‘)  J25R 
* (3.00  molKS.314  J mol  K) 

T - />»•  ^ Pa»|4.5l).li>-  m-1  456  R 

1 nR  (3.00  iml)(S.3l4  J mol  Kl 

<b)  H' a pAV  = (2.53x10*  Pi)(4J0xl0  ‘ m*- 3-20x10''  m'>  = 3.29<IO‘  J 

(c>  Q - nC'AF  - (3.00  mol  820.78  J mol  K H456  K - 325  K)  = 8. 1 7 x 10'  I 

(ill  AU -Q-W  =4.KS*I0‘  1 

Evaluate:  We  could  aim  calculate  \U  at.  AU  - nC^AF  - (3.00  mol  1(12.47  J mol  KX4S6  K - 325  K|  = 4.90  > 10'  i. 
which  agrees  with  the  value  we  calculated  in  part  id). 

19.29.  Identity:  C alculate  H and  ALr  and  then  use  the  first  law  to  calculate  ft 

(a)  Set  Up:  \Y  1 pdY 
pY -nRT  so  panRTfY 

H*  - <;i RT:  V)  dV  - nRT dV V - nrt7Tn<  J\ / Vx ) (work  done  during  an  isothermal  process). 

Execute:  W - (0.150  mol)< 8-3145  J mol  KM 350  K)ln(0.25l*  /K,)  = <436.5  J>ln|0.25)=  -605  J. 

Evaluate:  \Y for  the  gas  is  negative,  since  the  volunx  decreases. 

< l> > Execute:  At/  = nCt  AT  for  any  xleal  gas  process. 

A7-0  (isothermal)  so  ALr=0. 

Evaluate:  ALr  = 0 for  any  idral  gas  process  in  which  T doesn’t  change. 

(c)  Execute:  a U = Q-W 

AU  - 0 so  Q - W - -605  J.  (ft  is  negative:  the  gas  liberates  605  J of  heat  to  the  surroundings.) 

Evaluate:  ft  - »tf’,  A7  is  ccilv  for  a constant  volume  process  so  doesn’t  apply  here, 

ft  - nC,AT  is  only  for  a constant  pressure  process  so  doesn’t  apply  here. 

19.30.  Identity:  C,  - C,  + R and  / - — 1. 

Q 

Setup:  /?  = 8.315  J/motK 

Execute:  C =C.*R.  r = . C — — 8315  ,mo1 ' K = 6S.5  J'mol  K.  Then 

’ c,  C,  7-1  (1.127 

C,  = C,  + R » 73-81'moMC. 

Evaluate:  The  value  of  C’,  is  about  twice  tlx  values  for  the  polyatomic  gases  in  Table  19. 1.  A proparx 
molecule  has  more  atoms  and  hence  more  internal  degrees  of  freednm  than  the  polyatomic  gases  in  tlx  table. 

19.31.  IDENTITY:  ALr  * ft  — JE.  Apply  ft -nC^A  T to  calculate  C\.  Apply  AU  = nCvAT  to  calculate  Cr.  y-Cp!Cx. 

SET  UP:  AT  = 1 5.0  Ca  = 1 5.0  K.  Sirxc  heat  is  added.  ft  - r 970  J. 

Execute:  (■>  AU-Q-  W = +970  J - 223  J = 747  J 

(b  )C=-2 — 37.0  Imol  K.  C,  =— . — 28.5  J mol  K. 

r iiAT  <1.75  mol  H i 5.0  K)  nAT  (1.75  mol  X 15  0 K ) 

r.^7  0Jmol  K^|3q 
C,  28.5  J mol  K 

EVALUATE:  The  value  of  y we  calculated  is  similar  to  the  values  given  in  Tables  19.1  <br  polyatomic  gases. 

19.32.  IDENTITY  and  SET  Up:  For  an  ideal  gas  AU  - nC,AT.  The  sign  of  AU  is  the  same  as  the  sign  of  AT.  C ombine 
I:q.(  19.22)  and  tlx  ideal  gas  law  to  obtain  an  equition  relating  7* and  p>  and  use  it  to  dcxrmmc  the  sign  of  AT. 
Execute:  TtV{  ' = W and  V-nRTfp  to.  T'pf’  -T>p{  ' and  T;  - T;  {p.i pY"‘ 

Pt  < /?,  and  y - 1 is  positive  so  T3<Tr  AT  is  negative  so  AU*  is  negative:  the  energy  of  the  gas  decreases. 
EVALUATE:  Eq.(!9.24)  shows  that  the  volunx  increases  for  this  process,  so  it  is  an  adiatutic  expansion.  In  an 
adiabatic  expansion  tlx  temperature  decreases. 
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I9J3. 


19.34. 


19.35. 


19.36. 


IDEMIFV:  Foe  an  adiabatic  process  of  an  ideal  gas.  pV!  - p iV.  IF 1 pY{  - p>V>  I and  TVS'1  - TVS  ' . 

r-> 

si:r  UP:  Fora  monatomic  nlcal  gas  y - 5/3. 


Execute  : 


50x10*  Pai  _ 


WIW  m 


1 < 


- 4.76*  10'  Pa 


(b)  This  result  may  be  substituted  into  Fq.(  19.26k  or.  substituting  the  above  form  for  p:. 

(c)  From  Eq.l  19.22).  <r./i;  > ■ (*',/»,  | ' ^ (O.OSOO/O.IXKMO)'"  - 1.59.  and  sirec  the  final  temperature  is  higher  than 
the  initial  temperature,  tbc  gas  is  heated. 

Evaluate:  In  an  adiabatic  compression  IF  < 0 since  AF  < 0.  Q-  0 so  At/  - -W.  AC/  > 0 and  th:  temperature 

increases. 

IDENTIFY  and  Sa:  T L’P:  I a)  In  the  pnxess  the  pressure  increases  and  th:  volume  decreases.  The  />F- diagram  is 
sketched  in  Figure  19.34. 


|b)  For  an  aJiabats:  pnxess  for  an  ideal  gas 

PK-pM-  and  pVmwRT 

EXECUTE:  Irixn  the  finl  equation,  r,  = T^V,  1 - 1293  KM»',  /0.090W;  V ‘ 
r,  -(293  K«l  l.l  1)**  - 768  K - <I95°C 

(Note:  In  the  equation  Ty-  ' - 1 tbc  temperature  must  be  in  kelviiu.) 

pKapy;  «"pu«  p, c PAW)'  =<1-00  -mMK.yOOTOOK,!" 

/*j  = <1 .00  atm  1(1 1.1 1 11’  - 29. 1 atm 

EVALUATE:  Alternatively,  we  can  use  pV  - nRT  to  calculate  p: : n . R constant  implies  pV iT  - nR  - constant 
so  pytr^pyjT 

p ^ pi(K/Vi)(T/T)  = 0.00  atmX F. /0.0900F, X 768  K/293  K)  - 29  1 atm.  which  checks 


iDKXTlfY:  For  an  adiabatic  process  of  an  ideal  gas.  tV ( rxV  - pJ\ ) and  pV  - p.17. 

r-i 

SET  UP:  y - 1 .40  for  an  ideal  diatomic  gas.  1 atm  - 1 .01 3 x 10''  Pa  and  1 L - 10  * m\ 

EXECUTt  O = \V  * IP  - 0 for  an  xtiabatK  IHDCCM.  so  A U - -It' 1— ( pi:  - py\  p -1.22-10'  Pa. 

r- J 

Pta  a(i-22xl0*  PaH3)M  -5.68x10'  Pa. 

H__L(|5.6X-10'  PaJIO-IO  1 m ']-|l.22xl0'  Pa)|30<!0  ‘ m 'l)-5.05xl0‘  J.  Tbc  internal  energy 

increases  because  work  is  done  of j the  gas  (At/  > 0)  and  Q - 0.  The  temperature  increases  because  tbc  internal 
energy  has  increased. 

Evaluate:  In  an  adiabatic  conyrcssion  IF  < 0 since  AF  <0.  Q-  0 so  At/  - -W.  At/  > 0 and  th:  temperature 
increases. 

IDENTIFY:  Assume  the  expansion  is  adiabatic.  1 - 73*7  ' relates  V and  7.  Assume  the  air  behaves  as  an  ideal 
gas.  so  At/  - nC , A7.  Use  pV  = nRT  to  calculate  n. 

SETUP:  For  air.  C,  - 29.76  J/mol  • K and  y - 1 .40.  F^O.800^.  7J-293.I5K.  pi  =2.026 x 1 0*  Pa.  For  a 
sphere.  V-±zr\ 
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19.37. 


19.38. 


19.39. 


19.40. 


EXfXlTt:  MT^T^L 


[293.15  K) 


♦ 


320.5  K - 47.4°C. 


4.T 


(b>  r,  -±.rr‘  (O.IWSm)1  s7.l5»IO  * nV.  am£&mW* 

3 RTt  (8.314  A'moi*KX293.l5  K) 

A U - iiC.  A r - (0.594  n»l  1(20.76  J.'mcil  KX321  K - 293  K)-  345  J. 


- 0.594  mol. 


Evaluate:  We  could  also  use  AU  - IF 1 t\V  - pV \ ) to  calculate  A L\  if  we  first  Found  /?.  from  pY  - 

(a)  IDENTIFY  and  SET  UP:  In  the  expansion  Ibe  pressure  decreases  and  tlur  volume  increases.  The  pY* diagram  is 

sketched  in  Figure  19.37. 

P 


Figure  19.37 

(hi  Adiabatic  means  (7  = 0. 

Then  AU  - Q-  W gives  W = -AU  = -jiC,  AT  = nC\  (Tt-  T3)  (Eq.  19.25). 

Ct  = 12.47  J mol  K (Table  19.1) 

Execute:  W - (0.450  mwlH  12.47  J/mol  KX50.0-C  - 100*0  = +224  J 
Hr positive  for  A F > 0 (expansion) 

(c)  A6’  = -H'  = -224  J. 

EVALUATE:  There  is  no  h:at  energy  input.  The  energy  for  doing  the  expanxicoi  work  comes  from  the  internal 
energy  of  the  gas.  which  therefore  decreases.  For  an  ideal  gas.  when  /’decreases,  U decreases. 

IDENTIFY:  pV  * nRT.  For  an  adiabatic  process.  TV;  1 

SET  IP:  For  an  ideal  mi>natomic  gas.  r = 5/3. 

Execute:  ,■)  t ‘ "‘>-301  K. 

(0.1  mol)  (8.3 145  J/mol  K) 

(b)(il  Isothermal:  If  the  c\(\insion  is  iiothnimit.  the  process  occurs  at  constant  temperature  and  the  final 
temperature  is  the  same  as  the  initial  temperature,  namely  301  K.  - /?,(!, ,/Fs)  - ±Pi  - 5.00x10*  Pa. 

(ii>  Ixobaric:  Aj>  - 0 so  p.  - 1.00x10s  Pa.  71  = TAVJYA-IT  = 602  K. 


M 


(in)  Adiabatic:  Using Equation < 1 9.22),  /.  - — 


Tyr . (3oi  kxki 


(301  K)U 


189  K. 


EVALUATE:  In  an  lsobanc  expansion.  T increases.  In  an  adiabatic  expansion.  / dxTeaxes. 

Identify:  Ccxnbinc  TXVX  1 - r//  1 w ith  pV  - nRT  to  obtain  an  cxpresxicei  relating  T and  p for  an  adiahitic 
process  of  an  ideal  gas. 

SET  UP:  7:  - 299.15  K 


nRT 


io  r. 


nRT 


Pi 


(299.15  K) 


0850- 10*  Pa 
1.01*10'  Pa 


IS  I 4 


v . Ti 


K - 1 1.6  *C 


EVALUATE:  For  an  adiabatic  process  of  an  ideal  gas.  when  the  pressure  decreases  the  temperature  decreases. 
IDI.M1FY:  Apply  At/  - O - H\  For  any  process  of  an  ideal  gas  A U = nC \ AT.  For  an  isothermal  expansion. 


If-n/frin  — - 111 


aI. 

p. 


SET  Ip:  r - 28B.I5  K.  — -ii  = 2.0(1 
Pi  <; 

Execute:  (u>  A6'  -0*it>cc  AF  -0. 

(ID  H'  ^ <1.50  molX8.3l4  J'mol  KK288.I5  K)ln(2.001  = 2.49*  10*  J.  IP  > 0 and  wick  is  done  by  the  gas.  Since 
A 6'  = 0.  Q-W  - *2.49 «10'  J.  Q>0%o  heal  flow*  into  the  gas. 

EVALUATE:  When  the  volume  increases.  W is  positive. 
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19.41.  IDKXIIFY  and  SET  UP:  For  an  ideal  gw.  pV  - nRT.  The  work  done  it  the  area  undrr  tlx  path  xn  the pV» diagram. 
EXECUTE:  la)  The  prixluct  pV  increase  and  this  indicates  a temperature  inerewe. 

<b)  The  work  is  the  area  in  the  pV  plane  bounded  by  tlx  bhie  line  representing  the  process  and  the  verticals  at 
r and  The  arci  of  this  trapezoid  is  y(j\ *4(2.40x10*  Pa  H 0.0400  m‘)  - 4K00J. 

Evaluate:  The  work  dune  is  the  average  pressure,  i( p.  + Ps%  times  the  volume  increase. 

19.42.  iDEVim : Use  pV  - nRT  to  calculate  I If  is  tlx  area  under  the  process  in  tlx  pV  diagram.  Use 
AU  = ifC,  AT  and  AU-Q- W to  calculate  Q. 

SET  UP:  In  state c,  p,  = 2.0x  104  Pa  and  V%  = 0.1X140  in'.  In  state  a . pm  = 4.0*  10'  Pa  and  V*  = 0.0020  m\ 

Execute:  ,.)  refill  ^»- »o  '.l,lQ|>M0m  , S„2|C 
nR  <0.500  rtxdK^-314  J mol  K) 

<b)  W -444.0x10'  Pa  - 2.0 x 10'  Pa)  (0.0030  m‘  -00020  m*)  + (2.0x  10*  PaMO.OIMO  m -00030  ml) 

W = *5<Xl  J.  500  J of  work  is  dime  by  the  gas. 

<c)  T4  - I-L-  - . ' ltlm  1 “1<li:il,:im  ' - 192  K.  lor  the  process,  AT  = 0.  so  AU  - Oand  Q = W * *500  J. 
nR  (0.500  molH^.3 1 4 J.'mol  K) 

51X1  J of  beat  enters  the  system. 

EVALUATE:  The  work  duoc  In1  the  gas  is  positive  siixc  tlx  volume  increases. 

19.43.  IDEVim : Use  AU  - Q-  W and  tlx  fact  that  AU  is  path  independent 

H'  > 0 when  the  volume  increases.  If  < 0 when  the  volume  decreases,  and  If  - 0 when  the  volunx  is  constant. 

Q > 0 if  heat  Hows  into  the  system. 

SET  UP:  The  paths  arc  sketched  in  Figure  19.43. 

P 

Gw-  - 0 J (positive  since  heat  Hows  in) 

= *60.0  J (positive  since  Af  >0) 

Figure  19.43 

Execute:  (u)  AU~Q-W 

AU  is  path  independent;  Q and  W depend  on  the  path. 

AU=Vk-U< 

This  can  be  calculitcd  (sir  any  path  from  a to  b,  in  particular  for  path  a ch:  A Um  ^ = Q^k  - \f^k  - 90.0  J - 600  J - 30.0  J. 
Now  apply  AU  -Q-  W to  path  cnBk,  AU  - 30.0  J for  this  path  also. 

IF*  » *15.0  J (positive  sancc  AV  >0) 

AJ^  so  ft.  = *•  = 30.0  J * 1 50  J = *45.0  J 

(h)  Apply  AU  » Q - W to  path  ba:  = ft  - H; 

- -35.0  J (negative  since  AF<0) 

= Um -Uk  = -<U>-Um)  = -A  = -30.0  j 
Then  ft,,  = A U,_.„  * = -30.0  J - 35.0  J = -65.0  J 

(ft  <0;  the  system  liberates  heal.  I 
(c)  Um  =0.  Uj=MS 
A U^  = L\  -U\  = *30.0  J.  so  Uk  = *30.0  J. 
process  a ->  d 

AU„4*U4-Um  = + 8.0  J 

IT*  = *15.0  J and  But  tlx  work  IF*  for  the  process  is  zero  since  AF  = 0 for  that  process. 

Therefore  Wu  = = *15.0  J. 

Then  ft  = AU,  ^ - *S.O  J * 15.0  J = *23.0  J (positive  implies  heat  absorbed). 
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19.44. 


19.45. 


19.46. 


process  d -+t> 


v: 


J-H- 


- 0.  as  already  noted. 
W^~V.-V4ml 0.0  J- 


J ^ -t22.0  J 


Then  Q - A6 - +22.0  J (positive,  heat  absorbed). 

Evaluate:  The  sign*  of  our  calculated  Qmd  and  g,  agree  with  tlie  pr»>blem  statement  that  heat  is  absorbed  in 
these  pnxesse*. 

IDENTIFY:  A U =Q-W. 

SETUP:  W - 0 when  AF-0 

Execute:  For  each  process,  Q - AU  -t  IF.  No  wort:  is  done  in  the  processes  ah  and  dc.  and  so  H'K  - JF^  - 450  J 
ind  = JF^  = 120  J.  The  heat  flow  for  each  process  is:  for  aK  0-90  J.  For  bc\  0=4401  + 450  J ^ 890  J.  For 
a<i.  Q - ISO  J + 120  J - 300  J.  For  dc . Q - 350  J.  Heat  is  absoibcd  in  each  process.  Note  that  the  arrows 
representing  the  processes  all  point  in  the  direction  of  increasing  temperature  (irxrcasing  U). 

Evaluate:  ALr  is  path  independent  so  is  the  same  for  paths  adc  and  ahc.  Q ^ - 300  J + 350  J - 650  J. 

0^  - 90  J + 890  J - 9 SO  J.  O and  IF  arc  path  dependent  and  are  different  for  these  two  paths 
iDEVnFV:  Use  pV  - nRT  to  calculate  T / T . Calculate  A U and  IF  and  use  A6*  - Q-  M*  to  obtain  Q. 

SET  UP:  For  path  ac.  the  work  done  is  the  area  un&r  tlx  I me  representing  the  process  in  the  of 'diagram. 


Execute: 


T P.K  (3 .Ox  10  JH0.020  m1) 


i . 


<b>  Since  T - T , A6’  - 0 for  poxess  ahc.  For  ah.  AK  - 0 and  = 0.  For  he.  p is  constant  and 

- /?AF  - (1.0 x | O'  PaMO.CMOm1)-  4.0x10*  J.  Therefore.  = +4.0x|0l  J.  Since  AU=0. 

Q - IF  - *4.0x  104  J.  4.0  x 104  J of  heat  flows  into  the  gas  during  process  ahc. 

<c>  H '-443.0x10'  Pa  + 1.0x10'  Pi  1(0.040  m'>= -tS.Ox  10*  J.  g.  - H' t = +8.0x10*  J. 

EVALUATE:  The  work  dene  is  path  dependent  and  is  greater  for  process  ac  than  fs»r  process  ahc.  even  though  the 
initial  and  final  states  arc  the  same. 

IDENTIFY:  For  a cy  cle,  ALf  - 0 and  Q - W.  Calculate  IF. 

SET  Up:  The  imgmtixlc  of  tlx  week  dnix  by  the  gas  during  the  cycle  cquils  tlx  area  enclosed  by*  the  cycle  in  the 
pi*  diagram. 

Execute:  (u)  The  cycle  is  sketched  in  Figure  19.46. 

<l»  |»’| ^ (3.50x10*  Pa  - 1_50>  10*  PaKO.IX135  m‘  -0.0280m')  = rJIO  J.  More  negative  wort  u done  for frflhan 
positive  work  forafr  and  tlx  net  work  is  ixgativc.  IF  - -310  J. 

<c)  Q*  W = -310  J.  Since  O <0.  the  net  heat  flow  is  out  of  the  &is. 

EVALUATE:  During  each  constant  pressure  process  IF  - pAF  and  during  the  constant  volume  process  IF  - 0. 

ftPa) 


350*  104 


I W * IP4  b 


n 


fcOWO  0.0*35 

Figure  19.46 


19.47.  Identify:  Use  the  1st  law  to  relate  0k«  to  for  the  cycle. 

Calculate  WM  and  IF*  and  use  what  we  know*  about  to  deduce  IF, 


19-12  Chapter  19 


19.48. 


19.49. 


19.50. 


(a)  SIT  Ur:  Wc  aren’t  told  whether  the  pressure  increases  or  &creaset  xn  process  be.  The  two  possibilities  for 
the  cycle  are  sketched  in  Figure  19.47. 


Figure  19.47 


In  cycle  I.  the  total  work  is  negative  and  in  cycle  II  the  total  work  is  positise.  For  a cycle.  A U - 0.  so 
The  net  heat  flow  fsxr  the  cycle  is  out  of  the  gas,  so  heat  < 0 and  K'ia  < 0.  Sketch  1 is  correct. 

<b>  Execute:  u;4  ^ (?k4  = -800  J 

=0  since  AK»0. 

W+  - pAV  since/?  is  constant.  Ilut  since  it  is  an  idral  gas.  pAV  - nRAT 
= nR(Th  - Tm)  = 1660  J 
wm  = n;4  - IT*  = — K00  J -16660  J = -2460  J 

Evaluate:  In  process  ca  the  volume  decreases  and  the  work  W is  negatise. 

IDENTIFY:  Apply  the  appropriate  expression  for  W f<»r  each  type  of  process.  pV  - nRT  and  C 'f  -C,  + R. 
SETUP:  A ■ 8.315  J/mol  K 

Execute:  Path  ac  has  constant  pressure,  so  H'.  - p&V  = nRAT.  and 
H'_  - nR(T.  -T'i  = ( 3 mi>l«S.3 145  j/rool  K*492  K - 31X1  K)  = 4.789 . 10‘  J. 

Path  i b is  aliabal*:  ({J  - 01.  mi  H'(  = Q-AU  - -At1  = -nC\  AT.  and  u*ing  C,  = Cf  - R. 

H K--niCt-R'»Tl  -ri--0  nuil M 29  I J/mol  K- 8.3 145  J/mol • K *600  K - 492  K)-  -6.73Sxl0‘  J. 

Path  txi  has  constant  volume,  so  - 0.  So  tlx  total  work  done  is 

I T = +Wtk  -f  = 4.7K9x|0l  J - 6.735  x 10‘  J -t  0 = - 1 .95  x 10*  J. 

Evaluate:  W >0  when  A I'  > 0.  W < 0 when  AV  < 0 and  IF  = 0 when  AV  ^ 0. 

IDENTIFY:  Use  O - jiC,  A T to  calculate  the  temperature  change  in  the  constant  volume  process  and  use 
pY  - nRT  to  calculate  the  temperature  change  in  tlx  constant  pressure  process.  The  week  done  in  tlx  constant 
volume  process  is  zero  and  the  work  done  in  the  constant  pressure  process  is  W - pAV.  Use  O - nC^Af  to 
calculate  the  Ixat  flow  in  the  constant  pressure  process.  A6’  - nC\  AT.  or  A6*  - O - H*. 

SET  Up:  For  N2.  C,  - 20.76  J,  mol  K and  C\  29.07  J mol  K. 


Execute:  (u)  For  aoceuah,  AT  - — - — 1 293  K.  T - 293  K.  w l - 586  K 

nC,  (2.50moH(20.76  J 'mol  K) 

pV  -nRT  T doublet  when  I" drniMcs  and p in  coastal I.  so  T -2ISS6  K)=  1 172  K -S99”C. 

<h|  For  process  ah.  = 0.  For  process  be. 

Hk  = pAY  - nRAT  =(2.50  mol H 8.5 14  J/mol- KXl  172  K -586 K)- 1.22x10*  J.  IK -# + - 1.22 x 104  J. 

<c>  For  process  be.  Q ^ nCAT  = (2.50  mol  1(29.07  J ’mol  K ) 1 172  K - 586  Ki  - 4.26  x 1(V  J. 

<d)  AU  = nC\  AT  = (2.50  mol )( 20.76  J mol  KXl  172  K -293  K)  - 4.56x  10*  J. 

Evaluate:  The  total Q is  1.52 xIO4  J^4.26x|0*  J =5.78xl04  J. 

A6’  - Q - H'  - 5.78  x I04  J - 1.22  x 10*  J - 4.56  x I04  J.  which  agrees  with  our  results  in  part  id). 

IDF.N  nn:  For  a constant  pressure  process,  Q - nCtdAT.  A U = Q-  H*.  ALf  - nC,  AT  for  any  ideal  gas  process. 
SET  Up:  For  N„  Cv  ^ 20.76  J,  mol  K and  Cf  « 29.07  J mol  K.  Q < 0 if  heat  comes  out  of  tlx  gas. 


Execute: 


W-  Q 


t2.5x!04  J 


21.5  mi>2. 


C^AT  (29.07  J/mol* KM40.0  K) 

(b)  A6’  - nC’,  AT  - Q{ C,  >C  ) - (-2.5  x 104  JM20.76'29.07)^-1.79xl04  J 


The  Fma  Law  of  Thermodynamics  19*1.1 


19.51. 


19.52. 


(c)  W -O-  AV  - -7. 15x10*  J. 

<d)  A6*  is  tlu:  same  for  both  processes.  and  if  AV  - 0.  If'  *0  and  Q*  A V - -l.79x  104  J. 

Evaluate:  For  a given  AT,  O it  larger  when  the  pressure  xs  constant  than  when  the  volume  is  constant. 

Idem  in  and  SET  UP:  Use  tlx  first  hw  to  calculate  IF  and  then  use  H*  - pAV  for  tlie  constant  pressure  process 
to  calculate  AV. 

Execute:  a u*Q-\r 

Q-  -2.15>  10'  J (negative  since  heat  energy  goes  out  of  the  system) 

A6’«0  so  W = = -2.15x10*  J 

Constant  pressure,  so  If  - j pdV  = pi^i~K)a  P&Y- 


Then  Al  — — - * - -0.226  m‘. 

(?  93Q*IQ  Pa 


Evaluate:  Positive  work  is  don:  on  the  system  by  its  surroundings;  this  inputs  to  tlx  system  the  energy  thit 
then  leav  es  the  system  as  heat.  Both  Eq.(  19.4)  and  (19.2)  apply  to  all  processes  fee  any  system,  not  just  to  an  ideal 

I DE\  IlfY : pV  - nRT.  Foe  an  isothermal  process  W - nRTki{Vi  i\\ ) For  a constant  pressure  process. 


W = pAV. 


SETUP:  1 LslO ° m‘. 

EXECUTE:  i a > The p F-diagram  is  sketched  in  Figure  19.52. 


(b)  At  constant  temperature,  the  product  pV  is  constant.  so  K “ K(p.  / p, ) = <1.5  L 


1X1x10  Pa 
LSOxlO*  Pa 


- 6.00  L. 


The 


filial  pressure  is  given  is  being  I he  same  as  />,  - p,  - 25-10*  Pa.  Tlx*  liml  velum:  is  Ihc  same  as  llv  inilial 
volume,  so  T.  = Tip./ ft  I = 75.0  K. 

(c)  Trailing  ih:  gas  as  ideal.  Ihc  work  done  in  Ihc  lino  process  is  11'  - nRTW,j\\)-  p)\ Mfl/Pjl- 

Hr  -(1.00 >10*  fan  1 5-10  1 m‘)ln|  1 “>'1”  — “ 1-208  J. 

, 250-10  fa  J 


l or  Ihc  second  process.  H = /•,(!', = “l,)a p/,( I -<P,/P,)Y 

H' =<250x10*  fa  Ml  5 x 10  * m'  1 1 I - ' — --1I3J. 

( 250  - I ; Pa  : 

The  nxal  ««k  done  is  20S  J - 1 1 J 1 = 95  I. 

(d)  Meat  at  constant  volume.  No  work  would  be  done  by  the  gas  cc  on  the  gas  during  this  process. 
Evaluate:  When  the  volume  increases,  W > 0.  When  the  volume  decreases.  W < 0. 

P 


V 

Figure  1932 


19.53.  1DEM1FY:  AV  - YJfAT.  W - pAV  since  the  force  applied  to  tlx  prston  is  constant.  Q - me, AT.  AV  - O-  W. 

SET  UP:  m = pY 

Execute:  (u)  The  fractional  change  in  volunx  is 

AV  - r \fl\T  - <120- 10°  m'Kl.20- 10''  K 'H30.0  K)  - 432-10  4 m‘. 

<b»  II  - /*\r  -(pf.llAV  = ((3.00- 10‘  N>/(0.0200  m' )M4.32 « 10  1 m‘)  = 64SI. 

<c>  Q = me  AT  = VjkAT  = (l.20x 10  1 m‘x791  kg/m‘X251  xl0‘  J/kg  K)(30.0K). 

0=7.15*10'  V 
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19.54. 


19.55. 


19.5*. 


19.57. 


<d)  A6,*0-W's7.1SxlOf  J to  three  figures. 

(e>  Under  these  conditions  W\%  much  lew  than  ()  and  there  is  no  substantial  difference  between  ct  andc^ 
Evaluate:  AU  ag-ir  iv  valid  for  any  material.  For  liquids  the  expansien  work  is  much  lew  than  Q. 

IDENTIFY1 : AV  * fiP^AT.  W - pAV  since  the  applied  pressure  (air  pressure)  is  constant.  Q - meJ^T. 


SETUP:  Forcopper.  /f  - 5.1  x 10  ' (C)  c,  = 390  Ikg  • K and  />  = S.«1.10'  kgm1. 

Execute:  (u»  Af'  = /ttri'1-is.i«io'(C’i  'hto.oc'k  2.00-10  1 mi‘-2.K6«io“  m1. 

<b>  H'-/>AF  = 2.88-10  1 J. 

<c>  Q-mC'&T  = pr.cAT  - (R.9x  |0l  kg/m'XS.OO.  10  * m')(390  J/kg  K«?0.0  C:|  - 1914  I 
<d»  To  three  figures,  \U  - Q - 1940  J. 

(c)  Under  these  conditions.  the  difference  is  not  substantial,  since  (Pis  much  less  than  Q. 

Evaluate:  AU  - Q-  IF  optics  to  any  material.  For  solids  the  expansion  work  is  much  less  than  O. 

iDLN nrv  and  SET  UP:  Th:  heat  produced  from  the  reaction  is  O - where  is  the  heat  of 

reaction  of  the  chemicals. 

EXECUTE:  For  a mass  m of  spray.  W - 4"iv  ' - 4«(19  m’s)J  - (1S0.5  Jkg)ui  and 

A6’w  =Qm  - me AT  - i<4190  J/kg*  K HI  0fFC-2O°C)  = (335.200  J/kgVw 

Then  ^(ISO  Jkgr  335.200  Ikgiui  = (335.380  Xkgjm  and  Q ^ ^nxL^lmt  implies 

The  mass  m divides  out  and  — 3.4  x 10'  Jkg 

EVALUATE:  The  amount  of  energy  converted  to  work  is  neg.ligibV:  for  the  two  significant  figures  to  which  the 
answer  should  be  expressed.  Almost  all  of  the  energy  produced  in  the  reaction  goes  into  heating  th:  compound. 
IDENTIFY:  The  process  is  adnbatic.  Apply  pV!  - p}'\  and  pV  - nRT.  Q-  0 so 

A6— r— — 
r-> 

SETUP:  For  helium.  y = 1.67.  />,  = 1.00  atm  = 1.013x  10*  Pa.  F,  a 2.00x10' m\ 

Pi  - 0.900  atm  = 9. 1 1 7 x 10*  Pa.  j;  =288.15  K. 


Execute: 


-f2.<H)x|0*  m‘) 


1.00  atm 
0.9(H)  atm . 


2.13*  101  m*. 


(b)  pV-nRT  gives 

py,  pj, 


M00  aim  If  2.13-10' 


■ 1J  A|i  -,28B.15Krf£^V 

A A I’,  ' 1.00  aim  H 


[ .00  atm  y 2.00x10*  m* 


276.2  K = 3.Q°C. 


(c>  A L'  <[1.013 x 10  PaX2.00xIO*  mf)]-[9.l  I7x  104  PaH2.13xlO*  mJ>I  = -1.25x10  J 

0.67 

EVALUATE:  The  mtcmal  energy  decreases  when  the  temperature  decreases. 
iDEN  I1FY:  For  an  adiabatic  process  of  an  ideal  gas.  T}\:  ' - TJ  V pV  - nRT . 

Set  Up:  For  air,  y = 1.40  = ^. 

Execute:  (u)  As  th:  air  moves  to  lower  altitude  its  Amsaty  increases,  under  an  adiabatic  compression,  the 
temperature  rises.  If  the  wind  is  fast-moving,  Q rs  not  as  likely  to  he  significant,  and  modeling  the  process  as 
idiabatic  (no  heat  loss  to  the  surrounding*)  is  more  accurate. 

(b)  V - >^-L.  so  ry;  1 - r.F/  ‘ gives  - 77 p\r . The  temperature  at  the  higher  pressure  is 

P 


Ti^T\{Pi>  P'S  =(258.15  K)([8.12xl04  Pa]/|5.60xl04  Pa])*  - 287.1  K = 13.0*0  so  the  tenverature  would 


rise  by  1 1 9 C*. 

Evaluate:  In  an  adiabatic  compression.  0-0  but  the  tcrrqicrsturc  ri«x  because  of  the  work  done  on  the  gas. 


The  l:m*  Law  of  Thermodynamics  19-15 


19.58. 


19.59. 


IDENTIFY:  For  constant  pressure  . If*  - pW.  For  an  adiabatic  process  of  an  ideal  gas.  W’ -( p}\  -p/j)  and 

R 

pK-pM- 

SETUP:  ,.£.-C'+C'  > * 


c,  c. 


Execute:  (a)  The  /'  I 'diagram  1*  sketched  in  Figure  19.58. 

(b)  The  xvort  done  b W , p.<2K.-K1)-.£Llp,,(21’ )- ft(4I’.».  p^pJlVjiVJ  and 


to 


W - p%\\\  1 + -t-(2  - 2*  ' ) |.  Note  that  pt  is  the  absolute  pressure 
R 

(c>  The  most  direct  way  to  find  the  temperature  is  to  find  th:  ratio  of  the  final  pressure  and  volume  to  the  origiml 
and  treat  the  air  as  an  xleal  gas.  /*  - p:  j — - p*,  j — ( , since  /?,  - p..  Then 


This  amount  ot’heat  flows  into  the  gas.  since 


[d)  Since  n^.O-El l|r,  +*K2r.-r0)-A»'i^.+l\ 


Q>  0. 

EVALUATE:  In  th:  isobanc  expansion  the  temperature  doubles  and  in  the  adiabatic  expansion  the  temperature 
decreases  It*  the  gas  is  diatomic,  with  y - 1-y  and  Ti  m 3.037^,  W - 2.21p/4  and  O - 3.50/>«l' . 

All’  - 1 29fl|K.  A (J  > 0 and  this  is  ccmsisicnt  with  an  increase  in  temperature 


Figure  19.58 

IDENTIFY:  Assunx  that  the  gas  is  ideal  and  tliat  the  process  is  adiabatic.  Apply  Eqs.(l9.22)  and  (19.24)  to  relate 
pressure  and  volume  and  temperature  and  volume.  The  distance  the  piston  moves  is  related  to  the  volume  of  the 
gas.  Use  ISq.f  19.25)  to  calculate  IF. 

(a)  SET  Ur:  y = Cf  /C,  - ( C , + R) iC%  - I ♦ R:  Ct  - 1 .40.  The  two  positions  of  tlx  piston  an:  shown  in 

Figure  19.59. 


A,- 

0250 


v 


p = 1.01  x 10"  Pa 

ps  =4.20x10'  Pa  + =5.21x10*  Pa 

Y\  = hv A 

K = h.A 


Figure  19.59 

Execute:  adiabatic  process:  pf/%'  - pf” 
pfi'A'^pAA' 

1.0  lx  10' 

pi  I «.  5.21  x 10'  Pa 

The  piston  has  moved  a distance  h{  - A . - 0.250  m - 0.0774  m -0.1 73  m. 


1 0250  mi!  _1 1 - 0.0774  m 
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19.60. 


19.61. 


<b>  wr*w-' 

Tft  1 A"  -TJ\i  'Ar  l 

«>  H'  = nC,(i;-n>  (Eq.  19.25) 

H ^(20.0nwlM20.SJ,n*il  KM30D  I K -479.7  K)- -7.47x10*  I 

EVALUATE:  In  an  adiabatic  compression  of  an  ideal  gas  th:  temperature  increases.  In  any  compression  the  work 

Mrs  negative. 

I DEM  UN : m - pV.  The  density  of  air  is  given  by  p - for  an  adiatutic  process.  Tx\\  ‘ - fjK;1. 

RT 

pV  ^ nRT 


Sn  L’P:  Using  Tyf  = T/-  'give*  Ttf  ' -Tp\ '. 

EXECUTE:  ( a > The  p I'diagram  is  sketched  in  Figure  19.60. 

(b)  The  final  temperature  xs  the  sanx:  as  the  initial  temprrature.  and  the  density  is  proportional  to  the  absolute 
pressure.  The  mass  ixeded  to  fill  the  cylinder  is  then 

m^p ,l'Jl-<1.23kB.m‘l(S7SxlO*  mV  l>J  1.02-10  1 ke. 

p a 1.01x10  Pa 

Without  the  turbocharger  ce  intercooler  the  mass  of  air  at  T - 15.0°C  and  p - 1.0 1 x 10*  Pa  m a cylinder  is 
m — p.y  - 7.07  x 10  * kg.  The  increase  in  poster  is  proportional  to  the  increase  in  nuss  of  air  in  th:  cylinder:  the 

percentage  increase  is  - U 0.44  - 44%. 

7.07x10*  kg 


Lsr,7:|^] 

V Pi  ) 

/ ym  \/  V ( \l •*/»*/  ( \ / I*'1/ 

^ I -1 1|  _ I I — I - /?,(  — ] . The  mass  of  ai 

l Ts  A A ) \ Pi  ) V A > ' Pi  / 


(cl  The  temperature  after  the  adialxitic  proce 


The  density  becomes 


air  in  the  evhnder  is 


-9.16-10  * ke. 


the  percentage  increase  in  power  is  — I — — — - 1 - 0.50  - 5171.. 

* 7.07-10*  ke 

EVALUATE:  The  turbocharger  and  intercooler  each  have  an  appreciable  elVcct  on  the  engine  power. 


Figure  19.60 


IDENTIFY:  In  each  ease  calculate  either  A V or  O for  the  specific  type  of  process  and  then  apply  the  first  law. 
(a)  SET  Ur:  isoihrrmal  (A7^0)  A U-Q-W\  W - +300  J 
For  any  process  of  an  ideal  gas.  W - nt]  AT. 

Execute:  nerefore.  for  an  ideal  gas.  if  A7*  - 0 then  ACf  - 0 aixl  Q = IF  - +300  J. 

<b>  SET  UP:  adiabatic  ( Q - 0) 

A6^0-H';  »F  = +3<)0J 

Execute:  Q - 0 says  A U ^ -W  - -300  J 


(c)  SET  UP:  isohiric  Ap  - 0 


The  lust  Law  of  Thermodynamics  19-17 


Use  W to  calculate  AT  and  then  calculate  Q. 
Execute:  w ^ pAT  ^ nRAT;  at  = WinR 
Q - nC  AT  and  for  a monatomic  ideal  gas  C^-iR 


19.62. 


A V - rrC’,  AT  for  any  ideal  gas  poxes*  and  Ct  = C - R -±R. 

Thus  At/ » 3*72  = *450  J 

EVALUATE:  300  J of  energy  leave*  the  gas  when  it  performs  expansion  work.  In  the  isothermal  process  this 
energy  is  replxed  by  Ixat  flow  into  the  gas  and  the  internal  energy  remains  the  same.  In  the  adiabatic  process  the 
energy  used  in  doing  th:  work  decreases  the  internal  energy.  In  the  isc4>aric  process  750  J of  heat  energy  enters  the 
gas,  300  J leaves  as  th:  work  done  and  450  J remains  in  the  gas  is  increased  internal  energy. 

IDEMIFV : pV  - nRT.  f or  the  isobanc  pnxess.  W - pAV  - nRAT.  For  the  isothermal  process. 


W ^ nRT  In 


SETUP:  R - 8.315  J.mol-K 

EXECUTE:  (u)  The  pV  diagram  for  these  processes  is  sketched  in  Figure  19.62. 

T p 

<H)  Find  T.  For  pnxess  1 ->  2.  n.  R . and/»  are  cceisiant  si  — constant. 

1 fiR 


and 


r-7;i-  |-(35S  KM2)  = 7I0K. 


(c)  The  maximum  pressure  is  for  state  3.  For  procc 


2 ->  3,  n.  R.  and  T are  constant,  gjfj  - pj\  and 


p,  U (2.40x10*  PaK2)  = 4.80x10"  Pa. 


Id)  process  1 -♦  2:  W - pAV  - nRAT  = <0.250  nxilXS.315  J mol  KK710  K -355  K l - 738  K. 


process  2 ->3:  \V  ^ )\RT\w  L.  | = (0.250  mol)8.3IS  J.*©l  KX7I0  Kiln,  1;  = -I023J. 
process  3-tl:  AV  - 0 and  W - 0. 

The  total  work  done  is  738  J + (-1023  J)  - -285  J.  TTiis  is  the  work  dooe  by  the  gas.  The  work  done  on  the  gas  is 
285  J. 

EVALUATE:  The  final  pressure  anti  volunx  are  th:  same  as  the  initial  pressure  and  vilurtx.  so  the  final  state  is 
the  same  as  the  initial  state.  For  the  cycle.  A U - 0 and  O - W - -285  J.  [hiring  the  cycle.  285  J of  heat  energy 
must  leave  the  gas. 


19.63.  iDt.MIH  and  SET  L’P:  Use  th:  id:al  gis  law.  the  first  law  and  expressions  for  O anti  U’  for  specific  types  of 
processes. 

EXECUTE:  (u)  initial  expansion  (state  l->state2) 

pt  * 2.40 x l0  Pi  Tx  =355  K.  p,  - 2.40x10*  Pi  K1*2J'I 

pV  - nRT : TfV  = pinR  ^ constant,  so  Tt  i Vx  = T:  fV,  and  T:  ^ Tx(l\  fVt)  ^ 355  K(2  \\ !\\ ) = 7 10  K 
Ap-  0 so  )F  - pAl'-nRAT  -(0.250  molXS.3145  Xmol  KK710  K -355  K)  =+738  J 
Q ^ nC^AT  = <0.250  mcilK29.17  J mol  - KX7I0  K - 355  K)»  +2590  i 
A6*  = Q - W = 2590  J - 738  J = 1 850  J 
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< l>>  Al  the  beginning  ot'lbc  final  cooling  process  (cooling  at  constant  volume!.  T - 71D  K.  The  gw  returns  to  its 
original  volume  and  pressure,  so  also  to  its  original  temperature  of  355  K. 

AK  = 0 so  H'=0 

Q ^ nC, AT  = <0.250  molX20.S5  J mol  KX355  K - 710  K)-  -1850  J 
AU '-(>-»»'  = -IS50J. 

(c)  For  any  ideal  gas  process  AU  - nC,AT.  For  an  isothermal  process  A7*  - 0.  so  A U - 0. 

EVALUATE:  The  three  processes  return  the  gas  to  its  initial  state,  so  At/ ^ - 0;  our  results  agree  with  this. 

19.64.  IDENTIFY : pV  - n RT  For  an  adiabatic  process  of  an  ideal  gas,  TyfA  - TY' 

SETUP:  For  Nr  y-1.40. 

Execute:  |U>  The p I -diagram  is  sketched  in  Figure  19.64. 

<l»l  At  constant  pressure.  halving  the  volume  halves  the  Kelvin  temperature,  and  the  temperature  at  th:  beginning 
of  the  adiabatic  cxpansicei  is  1 50  K.  The  volume  doubles  during  the  adiabatic  expansion,  arxl  from  Fq.  f 19.22y,  the 
temperature  at  the  end  of  the  expansion  is  <150  KMl/2)"4*  - 1 14  K. 

(c)  The  minimum  pressure  occurs  at  the  end  of  the  adiabatic  expansion  (state  3).  During  the  final  heating  the 
volume  rs  held  constant,  so  the  minimum  pressure  is  proportional  to  the  Kelvin  temperature. 

=(1.80x10*  PaXI  14K/300 K)  = 6.82xl0‘  Pa. 

Evaluate:  In  th:  adiabatic  expulsion  the  temperature  decreases. 


Figure  19.64 

19.65.  Ideviiiv:  Use  the  appropriate  expressions  for  Q , W and  A6’  for  each  type  of  process.  A U - O - IF  can  also  be 
used. 

SET  Up:  For  N„  C,  - 20.76  3 mol  K and  C\  = 29.07  i mol  K. 

Execute:  (u)  W*pAV r=nRAT -<0.150nxilH&  3145  J/mol  KX-150  K)  = -1K7J, 

Q - nC,AT  = <0. 1 50  mol*29.07  mol- K)f- 150  K)- -654  J,  AU  = (J  - W = -467  J 
< l>>  f rom  l:q.  1 19.241.  using  th:  expression  for  the  terrperature  found  in  Problem  19.64. 

H'  --1.(0.150  nxilK'8.3145  J mol  KM 150  KXl  - 1 13  J.  Q=* 0 for  an  adiabatic  process,  and 

A6=0-IF—  IE--II3J. 

(c>  AK  - 0.  so  IF  - 0.  Using  the  temperature  ehxigc  as  found  in  Problem  19.64  and  part  <bk 
Q = nC,  AT  ^ (0. 1 50  mol *20.76  J/mol  K*300  K - 1 13.7  K)  = 580  J and  AU  -Q- W *£  = 580  J. 

EVALUATE:  For  each  process  we  could  also  use  AU  - nC !*,  AT  to  calculate  AU. 

19.66.  IDENTIFY:  Use  the  appropriate  expression  for  IF  for  each  type  of  process. 

SET  Up:  Fora  monatomic  ideal  gas.  y - 5/3 and  Ct  - 3 R/2. 

Execute:  (at  W -nRT  In  ( ly  ^ = nrtf  ln(3)  = 1.29 - 10*  J. 

<l»  (?  = 0 WI  W = -&.V  - -nC,HT.  W'al^T'givei  r,  = T:0/3),“.  Then 

W - nC\  71(1  -(l/J>-  ')  = 2.3 J- 10‘  J. 

(<)  = 31',.  «i  \V  = p\V  - 2pV,  - InRT,  = 6.00-10'  J. 

(d)  Each  process  is  shown  in  Figure  19.66.  The  mi>st  work  deme  is  in  the  isobaric  process,  as  the  pressure  is 
maintained  at  its  original  value.  The  least  work  is  done  in  the  adiabatic  pnsress. 

(e)  The  isobanc  priKcss  involves  the  most  weak  and  the  largest  temperature  increase,  and  so  requires  the  most  heal. 
Adiabatic  processes  involve  no  heat  transfer,  and  so  the  magnitude  is  zero. 

( f)  The  isobaric  pnxess  doubles  the  Kelvin  temperature,  and  so  has  th:  largest  change  in  internal  energy.  The 
isothermal  process  necessarily  involves  no  change  in  internal  energy. 
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19.67. 


19.68. 


Evaluate:  The  work  done  is  the  area  under  the  path  for  the  process  in  thc/?r*diagram.  Figure  19.66  shows  thit 
tlic  wock  done  it  greatest  in  the  isobaric  process  and  least  in  the  adiahitic  process. 


I 2 


<c) 


<«> 

(b) 


Figure  19.66 

IDENTITY:  Assume  the  compression  is  adiabatic.  Apply  T,V'  ' - T.V’  1 and  pV  = nRT. 

SETUP:  For  N..  r=l.40.  I’.  -3  (10  L />  = 1.00  aim  = 1.013x10' Pa.  r = 273.ISK.  V.  =K/2  = 1.50 L. 


-I  »U« 

Execute:  <n>r,  = 7;|i;  =(273.15 K)  Jl_ 


(273.15  K»2V  * - 360.4  K = 87_3!C.  fL-  - £i- 


(b> p it  constant,  so  — - — - constant  and  L.-L-.  K - \\  Ll  I _ |1 .50  L);  - — - — — : - 1.14 

r r t>  r,  *irj  bauic 

EVALUATE:  In  an  adiabatic  compression  the  temperature  increases. 

IDENTIFY:  At  equilibrium  the  net  upward  force  of  the  gas  on  the  piston  equals  tlx  weight  of  the  piston.  When  the 
piston  mo  vet  upward  the  $is  expands,  the  pretsure  of  tlx  gas  drops  and  there  it  a net  downward  force  on  the 
piston.  For  simple  harmonic  motion  the  net  force  has  tlx  form  Ft  - -Ay,  for  a displacement  y from  equilibrium. 

2 

SET  L’P:  pV  - nRT.  T is  constant. 

(a)  The  difference  between  tlx  pressure.  inside  and  outside  the  cylinder,  multiplied  by  the  area  of  the  piston,  must 
be  the  weight  of  the  piston  The  pressure  in  tlx  trapped  gat  it  p -t  llL  - p -t  — 

«i  .Tl** 


( It > When  the  piston  is  a distance  ft  r v above  the  cylinder,  the  pretsure  in  the  trapped  gas  is 


m8 

«T ( It  T\ 


ft  y y 

and  for  values  of y small  compared  to  h.  - 1 ♦ j-  — I “ t*-  *^IC  ***  ^cccc^  taking  the  positive  direction 


be  upward,  is  the  then  /*  _ n 


| P-’  J?-  j! 1 - J | - P>  j)( P.-rr1  ♦ 


This  form  shows  that  for  positive  A.  the  net  force  is  down;  the  trapped  gas  is  at  a lower  pressure  than  the 
equilibrium  pressure,  and  to  the  net  force  tends  to  restore  the  pistcei  to  equilibrium 

. (p^r‘rag)/h  p,.rr-\ 

(c)  The  angular  frequency  of  srmll  oscillatKins  would  be  given  by  cf  — 1 -t  - 

U'S  / 
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19.69. 


If  the  displacement*  arc  no!  sirull.  the  motion  is  not  simple  harmonic.  This  con  tv  seen  he  considering  what 
happen*  if  y — h ; the  gas  is  compressed  to  a very  small  volume,  and  the  force  du:  to  the  pressure  of  the  gas 
would  become  unboundedly  large  for  a finite  displacement,  w hich  is  not  charartcristic  of  simple  hamionic  molwn 
If  v » h I but  not  so  large  that  the  piston  leaves  the  cylinder^  the  force  due  to  the  pressure  of  the  gas  becomes 
small,  and  the  restoring  force  due  to  the  atmosphere  and  tb:  weight  would  tend  toward  a constant,  and  this  is  not 
characteristic  of  simple  harmonic  motion. 

ft 


EVALUATE:  The  assumption  ot  small  oscillations  was  made  wlxn 


h +y 

accurate  ceily  when  yiht s smill. 
iDEvntv:  U-j'pH'. 

Sr.r  II':  For  an  Isothermal  process  of  an  xlcal  gay.  IF  - off  T In)  V,  fV, ). 

Execute:  (u)  Solving  for  p as  a function  of  V and  T and  integrating  with  respect  to  I' 
nRT  an'  rb 

p — 

y-nh  V 

When  a^b 


was  replaced  by  I - v • A;  this  is 


ii*  nag  iui  a lunumi  ui  v nmi  / uim  inu.ki.miiw  > 


0.  If  - ii RT  In  ( Vsjyt )%  as  expxlcd. 
(b)(i)  Using  the  expression  found  in  part  <a)% 

If'  - ( 1 .80  mol  ||  83 1 45  J mol  K |(  30(1  K ) 


• hi 


|4.00xl0  ’ m‘)-(1.80  mol|(6.3S- 10'1  m'/ trail) 


(2.00x10  ‘ m')-(l.80 moH(6.3SxlO'  nT  . trail  ) 
0.554  J m'/mol1 )( 1 .80  mol  |! 


4.00x10 


2J»xlO  ' in 


n - 2.soxio‘  j. 

(ii)  H'  - nff7‘ln(21-3.l  Ixl0‘  I 


(cl  The  work  for  the  ideal  gas  is  larger  by  about  300  J.  For  this  ease,  the  difference  due  to  nonzero  a is  more  than 
that  due  to  nonzero  h.  The  presence  of  a nonzero  a indicates  that  th:  molecules  are  attracted  to  each  other  and  so  do 
not  do  as  much  work  in  the  expansion. 

Evaluate:  The  difference  in  the  two  results  for  H'rs  about  10*‘rv  which  can  be  consid^cd  to  be  important. 
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20. 1.  Idi.n  llh : Foe  a heat  engine.  W - Ifl,  I -|Q  [ c Qu  > 0.  Q<  < 0. 

Qi  i 

si:r  UP:  W-2200J.  \Q  | - 4300  J. 

EXECUTE:  (u)  Qu  -If'  * |Q  I - 6500  J. 


(H>  c- 


2200  J 


- 0.34  - 34%. 


6500  J 

Evaluate:  Since  the  engirx  operates  on  a cycle,  tlv  net  O equal  the  net  If*.  Hut  tocakuiitc  the  efficiency  we 
use  the  heat  energy  input.  Ou. 

If* 

20.2-  IDENTIFY:  Fora  heat  engine.  H'  - |0,|-|Q  I r Qu  >0.  Q<  < 0. 

fli 

SET  L'P:  \Oi{\ - 9000  J g | - 6400  J. 

Execute:  (u|  H—  9000  j - 6400  J 2600  j. 

<b)  ^—-2-^-- 0.29-2?*. 

04  <XMXI  J 

Evaluate:  Since  the  engitx  operates  on  a cycle,  th:  net  Q equal  the  net  H *.  Hut  to  calcuhtc  the  efftocncy  we 
use  the  heat  energy  input.  Ou. 

20.3.  IDENTIFY  and  SET  L'P:  Th:  problem  deal*  with  a heat  engine.  If*  - *3700  W and  {3„  - + 16JOO  J.  U« 

Iiq.<20.4 1 to  calculate  the  efficiency  <•  and  CqX20.2 1 to  cakulate  | Q | Power  - Wit. 

_ wi>rk  output  W 3700  J 

Execute:  (u u ' 0.23-23%. 

heat  energy  input  QH  1 6. 1 CO  J 

<b>  H'  = 0-|CP,.|-|(?.| 

Ileal  discarded  it  |g.  |=|Q||-»’  = 16.100 1-3700  J - 12.400  J. 

(c)  (?tl  is  supplied  by  burning  fuel:  Qu  - mL  wte  L is  the  heat  of  combust  hxv 
a,  16.100  J 
Lt  4.60x  10  Ifg 
<d>  W - 3700  J per  cycle 

In  / - 1.00  s tlv  engine  goes  through  60.0  cyvlcs. 
r - If 9 ft  - 6O.0(37CO  jyi  .00  s - 222  kW 
P - (2.22  X 10*  wx  1 hp  746  W)  - 298  hp 

Evaluate:  Q,  - -12.400  J In  one  cycle  O - O tg,  - 3700  J.  This  equals  If  for  one  cycle. 


20.4.  Identify:  *fr^|ft|-k?f|  <*- — Q«>0*  0 <0. 

(j 


SET  L'P:  For  1.00  s,  H' -180x10*  J. 

..  < % _ H'  180x10*  J 

Execute:  (ui  — 


6.43x10'  J. 


(Hf  |y  |-|y.(|-lf  - 6.43 x | O'  J - 1 .80 x 10*  J - 4.63x  10*  J. 

Evaluate:  Of  the  6.43  x 10*  J of  heat  energy'  supplied  to  the  engine  each  second.  1.80  x10s  J is  converted  to 
mechanical  week  and  the  remaining  4.63  x10s  J is  discarded  into  the  low  temperature  reservoir. 


20-1 
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20.5. 


20.6. 


20.7. 


20.8. 


20.9. 


20.10. 


Identify:  W - \Ot\  - |y,  \ c-  — 04  > 0.  Qc  < 0.  Dividing  by  f gives  equivalent  equations  for  the  rate  of 

Q* 

heat  flows  ar>d  power  output. 

Set  Up:  Wft  - 330  MW.  |04|//  = 1300  MW 

_ < % W Wft  330  MW 

EXEOTTE:  (u)  e 


25  - 25%. 


Q4  QJt  1300  MW 
lb)  |g  | - |y  \ - W so  |0;  | / - |0H  1’  t - W ft  - 1 300  MW  - 330  MW  - 970  MW. 

Evaluate:  The  equations  fee  c and  W have  the  sarm  form  when  written  in  terms  of  power  output  and  rate  of 
heat  flow. 

Identify:  Apply  e*>  I — L. 

' KM 

Sir  Up:  In  pari  <b).  » - 10.001  J.  The  bear  discarded  11  }•>  |. 

Execute;  <u>  e - 1 - 0.594  - 59.4%. 

Ib>  |G,|  = |0„|(l  - c>  - (10.000  JX1  - 0.5941 . 4000  J. 

Evaluate:  The  work  ouipui  of  ihc  engine  is  W - |Ou  |-(g|-l  0.000  J - 4000  J - 5940  J 

I 


IDENTIFY:  f-1- 


I 


Sir  Up:  y = 1.40  and  e = 0.650. 
Execute;  — = I — ^ — 0.350.  >• 


anil  r = 15. 


0.550 

Evaluate:  e increases  when  r increases. 

Identify:  *=l-r,_' 

SET  Up:  r iv  the  compression  ratio. 

Execute:  (a)  c-  l-  (8.H)  **  =0.581.  which  rounds  to  58%. 

(h)  c- 1 -(9.6)"“  -0.595  an  increase  of  1.4%. 

EVALUATE:  An  increase  in  r gives  an  increase  in  c. 

I DEN  nFY  and  SET  UP:  For  the  refrigerator  K - 2.10  and  0 = +3.4  x 10*  J.  Use  Eq.(20.9)  to  calculate 
then  Eq.f  20.2)  to  calculate  Qu. 

(a)  Execute:  Performance  coefficient  K -0  . |W  | (Eq.20.9) 

| W\  = Qc  * K - 3.40 x 10*  1/2.10  = 1.62x10*  J 

(b)  SET  Up:  Ihc  operation  of  the  device  is  illustrated  in  Figure  20.9 

Execute: 

»*-=<?.  -<?M 

a -»,-a 

Qu  » -1.62x10*  J-3.40‘10'  J = -5.02x10'  J 
(negative  tccausc  beat  goes  out  of  tbc  system) 

Figure  20.9 

Evaluate  |0t  | - |1F|  T 1 0 |.  live  heat  | Qu  | delivered  to  the  high  temperature  reservoir  is  gjeater  thin  the  beat 
taken  in  from  the  low  temperature  reservoir. 

Identify:  K^mi  = 

Sir  UP:  The  heal  removed  from  Ihc  room  is  |@  | and  Ihc  heal  delivered  lo  Ihc  hoi  outride  is  |0„|. 

|l»  | - IK50  J *)(60.0  »)  = S.  10x10*  J. 

Execute:  (u)  |g|= a|»|=(2.9KS.10x|0*  J>  = i.4Sxio*  j 
(b)  |(?,|-|g.|,pr|-  1-48x10*  J. 5.10-10*  1.99x10'  J. 

Evaluate:  (c)  to J - 10  ro  |ft|>  to  I 


4r  <<l 
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20.11. 


20.12. 


20.13. 


iDSN lin  and  SET  L P:  Apply  Eq.(20.2>  lo  the  cyck  and  calculate  |K  | and  then  P - |lF|'r.  Section  20.4  shows 
that  HER  — (3.4 1 3>AT. 

<a)  Hie  operalxm  of  the  device  is  illustrated  xn  Figure  20.1 1 . 

Extern:: 

Q = v9.80xio' j 
0_S-|.44-1O‘  J 

H'-Q.  -.0, = +9.80x10'  J-1.44xl0‘  J = -I.60xi0*  J 
r - WH  = -4.60x  10*  J 60.0 1 = -767  W 
<b»  EUR  - (3.4 13)  A 

A -|0  |.|»|- 9.80x10*  *4.60x10' J = 2.13 
EER  =(3.413X2.13)  = 7.27 

EVALUATE:  W negative  means  power  is  consumed,  not  produced.  by  the  device. 

W-M* la| 

IDI.MUV:  |-|'»  > *■'-%! 

rf 

SlllP:  For  water,  c.  = 4 190  J.lg  K and  t,  =3.34x10'  Jkg.  For  ice.  c..  = 2010  Jkg- K 

Execute:  (u>  Q^mc.^T._-mL,  -tm c.ar„. 

0 = (1.80  kgH(20I0  J kg  K H-5.0  C°J-  3.34  x 10'  J kg  + (4 ISO  Jkg  K]|-25.0  C*l)  = -8.08 x 10'  J 
Q - -S.0S  x 1 0 J.  Q ix  negative  lor  the  water  since  heal  is  removed  from  it. 

<b)|0|  = K.08 . 10'  J.  II  - - S 0S  '11  1 = 3.37 . 10'  J. 

P“l  A 2.40 

<c)  |0.,|-S.O8x|O’Jr3.37xlO'J=l. 14x10'  J. 

Evaluate:  For  this  device,  0 >0  and  Q M < 0.  More  heat  is  rejected  to  the  room  than  is  removed  from  the 


water. 

iDKVim : Use  Eq  |20.2)  to  calculate  ff  | Since  it  is  a Carnot  device  we  can  use  Eq.(20. 1 31  to  relate  the  heat 
flows  out  of  the  rcservoirv  Tt*:  reservoir  temperatures  can  be  used  in  Eq.(20. 14)  to  calculate  c. 

(a)  SE I Ilf:  The  operation  of  the  dnxe  is  sketched  in  Figure  20. 1 3. 


Exec  ere: 

IF  - -335  i -t  550  } - 215  J 


I iture  20.13 


<l»  For  a Carnot  cycle,  j^-1-  L-  itq.20.13) 

Fm|  TU 


(c)  etcarnott -I-7J  - I- 37S  K 620  K - 0.390 - 39.0% 

Evaluate:  We  could  use  the  underlying  definition  of  c <Eq.20.4 ): 
e = = <215  J)  (550  J)  -39%.  which  checks. 
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20.14. 


20.15. 


20.16. 


20.17. 


IDI.VIUV:  &<•>«  >0.  *•-—  FwjCanMH cycle 

Q*  Qu  T* 

Set  L'p:  T,  - 300  K.  r„  = 520  K.  |&|  - 6.45 x 10*  1 

Execute:  (»  Q =-&1j£)=-(64S«lO  »|^-||— ^2*IOl  J. 

(h>  |»’|-|0||- |a|  = 6.45x10'  J-3.72xl0‘  J = 2.73x10*  I 

(c)  e = 21  - i— l—ll—  - 0.423  » 42.3%. 
fl*  6.45x10*  J 

Evaluate:  Wc  can  verify  tliat  c = 1 - 7J f„  also  gives  c - 42.3%. 

tV  C)  T 

Idem  it v : c - — (ix  any  cfioinc.  Far  the  Carnot  cycle.  ■—  - . 

Q.  O,  th 

Sk  r L!P:  r,  - 20.0"C  r 273. 1 5 K - 293. 1 5 K 

Execute:  gll=  1,1s 2^2. 424 x.O*  J 

|b)  W -Q„rQ,  to  Q = »’-&  = 2.5x10'  J- 4.24x10'  J=-I.74x  10*  J. 

r„  = -T,  Ql - -(203.15  K i 4^J4,I"  ' U 714  K.  = 44I*C. 

" ‘G  1-1.74x10'  J 

EVALUATE:  For  a heal  engine.  tV  > 0.  Qu  > 0 and  g < 0 
lut.Mitv  and  SET  L’P:  Th:  device  is  a Carnal  refrigerator. 

We  can  use  Eqs.(20.2)  and  (20.13). 

(a)  Hie  operation  of  the  device  is  sketched  in  Figure  20.16. 


ru  ^ 24.0cC  - 297  K 
r<  - acre  ^ 273  k 


The  amount  of  heat  taken  out  of  the  water  to  make  the  liquid  -♦  solid  phase  change  is 

Q - - ml n - -<&5.0  kg  M3  34  x 10*  J.'kg)  - -2.84  x 10  J.  This  amount  of  beat  must  go  into  the  working  substance  of 
the  refrigerator,  so  Q - *2.84  xl(>’  J.  For  Carnot  cycle  \Q,  | |g,|-  Tc >TU 
Execute:  |pM|^| g |i r„ / Tc ) - 2.84 x io’  K297K/273K>*3.09xio?  j 
(b)  W - Qc  + g,  - -t2.84x  10?  J -3.09xl0?  2.5x10"  J 

Evaluate:  iris  negative  because  this  much  energy  must  be  supplied  to  the  refrigerator  rather  than  obtained 
from  it.  Note  that  xn  Ivq.(20.13(  we  muu  use  Kelvin  temperatures. 

iDEvnn:  ft,  I-  I <?„<0.  Qf>  0.  K -^1  For  a Canol  cycle.  &-  = 

r I & r" 

Sk  T L’P:  T ~ 270  K.  F„  - 320  K |».  | - 4 1 5 J. 

(b»  For  imic  cycle,  |C|  -|(?M|-|0 1-  492  I - 415  J - 77  I.  P Ji=2l2\V. 

N 77  J 

EVALUATE:  The  amount  of  beat  energy  |^k|  delivered  to  the  high -temperature  reservoir  is  greater  than  the 
amount  of  heat  energy  I O.  I removed  from  the  kiw temperature  reservoir. 
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20.18. 


20.19. 


20.20. 


20.21. 


IDIMUY : I - |y,  |.  For  a Camol  cycle.  — - . where  the  temperature*  mini  be  m kelvins. 

0i  th 

SETUP:  -lO.Ot  - 26?.  1 5 K.  25.0°C  - 298.15  K.  0.0'C  - 273.IS  K and  -25.0aC  = 24S.15  K 
Execute:  (u»  The  heal  I*  discarded  at  a higher  temperature,  and  a refrigerator  is  required.  |0,|-|0  |(F»/J;i 
and  | W | - 1 Q,  \ {(TufTc >- 1)  = <5.00 « 10‘  J|(< 298. 1 5 K/263. 15  K ) - l)c 665  J. 

|b>  Again,  the  device  is  a refrigerant,  and  |M”  |-  (5.01 -10‘  IK(2?5.I5  K i 263.15  K)  - I)  - 100  J. 

(c>  Tlic  dev>ce  is  an  engine:  th:  heal  ix  taken  from  the  b(K  reservoir  and  lltc  week  done  by  tlic  engine  is 
| W I - <5.00  * 10*  J)(  I -<  24S.  1 5 K/263 .15  K)>-2K5  J. 

EVALUATE:  !:i>r  a refrigerator  work  must  he  .supplied  to  the  device.  For  a heat  engine,  there  ix  nxchanxal  work 
output  from  the  dev  ice. 

j If?  I 

Idi.n  I1PY : The  theoretical  maximum  jvrformmce  coefficient  ix  • — — K - tlJ  |i*  the  heat 

T*-Tc  r | 

removed  from  the  water  to  convert  it  to  ice.  For  the  water,  p|  - mt\\T  + . 

SET  Up:  Tx  ^ -5.0°C  - 26S  K.  rM  - 20.0:C  - 293  K.  r*  = 4190  J kg  • K and  C,  - 334x10*  I/kg. 

Execute:  (u)  In  one  year  th:  freezer  operates  (5  h day  K36S  day*)  - 1825  h. 

730kWh 


^ ■ 


lb)  K 


ItS  K 


-10.? 


293  K - 268  K 

(c>  |U’|  - Pi  = (4M  W)(3600 s) - 1 .44*  10*  J.  |g  |- A'|lf’|- l.54x|o'  J |f^ -«c.A7>  ml,  gives 

IS!  l.54xl0T  J , 

cmXT  -t  I,  *4190  J kg  KH 20.0  K)-t  334  x 10'  Jkg 

Evaluate:  For  any  artuol  device.  K < At |fJ,  | is  less  than  we  calculated  and  th:  freezer  makes  less  ice  in 
one  hour  than  the  mass  we  calculated  in  part  (c). 

IDENTIFY:  The  total  work  that  must  be  dime  is  - mg  Ay.  |IF|  - \Qu\- |0  | Qu  >0.  W > 0 and  Qc  < 0.  For 

Carnot  cycle,  — - - — . 

Qu  T* 

Set  Up:  rt-373  K.  7j  a 773  K.  I&U250J. 


Execute:  Q 2^|--<2SG 


L.  -~<2S0  Jl|  *^*.j--l21  1 fl|  - 250  J -121  J = 129  J.  This  is  ihc  work  deoc 


one  cycle.  - (500  kg)(9.80  mS'MICKI  m)-  4.90x10'  J.  Th.-  number  of  cycles  required  is 

H^.90x|0,J^ro„ol 

|r|  1291/cycle 

Evaluate:  In  — - . Ibc  temperature*  must  be  in  kclvins. 

0.  ru  ^ 

IDEVIIEY:  c - - — I - For  a Camol  cycle.  - -■£-  and  - 1 - -L. 

Qu  a ■ 0,  L L 

SET  LP:  r„  - 800  K.  Qc  = -3000  J. 

EXECUTE:  Foe  a heal  engine.  0„  - -0  /(I  - e)  - -(-300  J >/<  1 - 0.600 1 - 7500  J.  andtben 
H'  - e 0 - (0.600|(7500  J)  = 4500  J. 

EVALUATE:  This  does  not  make  use  of  the  given  value  of  Tu.  If  Tu  is  used. 

then  T - T (1-e)  -(80)  K )(1  -0.600)  -320  K and  O - - O T ST  . which  gives  the  same  result. 


IDENTIFY:  W - O.  + (X  For  a Carnot  cycle,  . For  the  >:c  to  liquid  water  phase  transition.  O - mL 


-j 


SET  Up:  For  water.  L - 334  x 10‘  J ig 


20.22. 
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20.23. 


20.24. 


20.25. 


20.26. 


20.27. 


Extern:  Q,  -- ml , --(0.04a>lg)(334xl0*  Meg)- -1.336x10*  J.  — gist* 

Gi 

(?M  =-(l>Pt)Qc  ■-(-1.336-10*  J)[(373.I5K  1/(273. 15  K)]  - *1.825x10*  J.  U-Q  -0, -4.89x!0‘ J. 
EVALUATE:  I:i>r  a heal  engine.  Q is  negative  and  Qu  is  positive.  The  heat  that  comes  out  of  the  engine 
(Q  < 0)  goes  into  lb:  ice  ( O > 0 ). 

T W 

iDt.Mlh:  The  power  output  is  P The  theoretical  nuximum  efficiency  is  e -l-—.  e-- — . 


a. 


SKI  Up:  0 - 1.50x10*  J.  T<  - 350  K.  Tr  - 650  K I lip  - 746  VV. 

Execute:  e -I-2L-I-?50*  -0.4615.  H"  -cO  -(0.4615X1.50x10*  11-6.923-10  J;  thi*i*thc 
ru  650  K 

week  ou.pu.  in  ooc  cycle.  /■  J>, 2.77-10*  W ,37.1  hp. 

I 60.0* 

EVALUATE:  We  could  al®  UM  iL--2Lio  calculate  Q ^ - IL  |o  = -[  |(  1 .50  X 1 0*  J ) ^ -K.0K  « 10‘  J. 

& r.  * U.f"  UsokJ 

Then  «'  -0  * 0,  - 6.92  x 10*  J.  lb:  same  a*  previously  calculated. 

Identity  and  Set  Up:  1 - L-.  AT,  ■ T< 


•h-T, 


Execute:  (a)  Tr  - r„{l  -e).  AT  - - - '/  ^ — 

EVALUATE:  (b)  When  c->l.  K -»0.  When  e->0.  K 

e ->  1 when  |Q  |«  |J?„|.  |y,*  | is  small  in  this  limit.  Thit  is  good  foe  an  engine  since  |y,  | is  wastes!.  But  it  is  bad 
for  a refrigerator  since  |2  | is  what  isusetul.  c ->0  when  |y,  | —>  |p„ | jnd  |1F|  is  very  small.  That  is  had  for  an 
engine  but  good  for  a refrigerator. 

I DEN  IlfN : AS  - 2 for  each  object,  wIktc  T must  be  in  kclvins.  The  temperature  of  each  object  remains  constant. 
SET  Up:  For  water.  Lx  « 3.34  x 10'  J.'kg. 

EXECUTE:  (■»  The  heat  flow  into  the  ice  is  Q-ml^ -(0.350  kgX3.34xl0*  J/kg)  = 117x10*  J.  The  heat  flow 
occurs  at  T - 273  K.  so  &S-y  I '._  .|n  ' - 429  J K O I* positive  and  AS  I*  positive. 

lb)  Q ^ -1.17x10'  J (low*  cot  of  the  heat  source,  at  T - 298  K.  AS  - — ■ 1 l!2-l  - -393  I K.  Q is 

T 29K  K 

negative  and  AS  is  negative. 

(c>  AS%a  - 429  J K ♦ (-393  J.'K)  = -f36  ML 

EVALUATE:  For  th:  total  isolated  system.  AS  > 0 and  the  process  is  irreversible. 

IDENTIFY:  Apply  Qwtm  - 0 to  calculate  the  final  temperature.  Q - me  AT.  Example  20.6  shows  that 
AS  - uir  IrK  TJ T ) when  an  object  undergoes  a temperature  change. 

SET  UP:  For  water  < =4190  J.’kg  • K.  Boiling  w ater  has  T = 100.0&C  - 373  K. 

EXECUTE:  (u)  The  heat  transfer  between  I00°C  water  and  30’C  water  occurs  over  a finite  temperature 
ditferenee  and  the  process  is  irreversible. 

(b)  (270kg»c<T1-30.0oC)+<5.00kg)e(rj-100&C)=0.  =31.27  *C  = 304.42  K. 

(c)  AS  - <270  lgX4190  J.'leg  K|ln|  ■ i |^(5.00  kgK4l90  J*gK|ln|  ^ ^ ' 

AS  = 4730  J.'K  * (-4265  i K) = *470  IK. 

Evaluate:  ASt  ^ >0.  as  it  should  for  an  irreversible  process. 


IDEYTIFV : Both  the  ice  and  the  room  arc  at  a constant  temperature,  so  AS  - -y.  For  the  melting  phase  transition. 
Q - mLt . Conservation  of  energy  requires  that  the  quantity  of  heat  that  goes  into  the  ice  is  th:  anxiunt  of  heat  that 
conxs  out  of  the  room. 
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20.28. 


20.29. 


20.30. 


20.31. 


20.32. 


Si:r  UP:  For  >ce.  7,  - 334  x I0;  Jkg.  When  heal  flows  into  an  object,  Q > 0.  and  when  heal  flows  out  of  an 
abject.  Q<  0. 

EXECUTE:  I a)  Irreversible  because  heal  will  not  spontarcouslv  flow  out  of  15  kg  of  water  into  a worm  room  lo 
freeze  the  water. 


(h)  AS  - AS^.  r AS, 


xL  ^ -ml  (ISO  Iti1  II 334 -I01  1 kg  I -<15.0  k^W334x|Q;  J.fcgl 

r.  ' T 273  K * 293  K 


A?  - *1250  J,‘K. 


EVALUATE:  This  result  is  consistent  with  the  answer  in  (a)  because  AS  > Ofor  irreversible  processes. 
IDENTITY:  O - mcAT  for  the  w ater.  Example  20.6  shows  that  AS  - we  Inf  77^/ JJ)  when  an  object  undergoes  a 

temperature  change.  AS  - Q/T  fee  an  xsothcimal  process. 


Setup:  For  water,  c*  4190  Ikg  K.  &5.0:C  - 358.2  K.  20.0°C  - 293.2  K. 


Execute:  (■>  AS  uicln|  h.  ] = (0.2S0kgK4l90  Jlg-KJInj  j . H |=  -210  JK.  Hon  cofnciout  oi  lhc 

water  and  its  entropy*  ckcreascs. 

<10  Q- mcAT  -(0.250  kg|<4190  JYgKff-65.0  K)-  -6.81x10*  J.  The  amount  of  heat  that  goes  into  the  air  is 

•♦6.8 1 x 10*  J For  the  air.  AS  - — - ""l  ' j +232  JK.  AS  ..  - -210  JK  ■♦  232  J/K  - r22  J K 

7*  293.1  K 

EVALUATE:  AS  >0  and  the  process  is  irreversible. 

O 

iDEYim : The  process  is  at  constant  temfvrature.  so  AS  - y A U -O- IF. 

SET  UP:  For  an  isothermal  process  of  an  ideal  gas.  AU  - 0 and  Q - W.  For  a compression.  AV  < 0 and  W < 0. 

Execute:  o-if--ik5oj.  as  — 1— i--6.3U  K. 

293  K 

Evaluate:  The  entropy  change  of  the  gas  is  negative.  I leal  must  he  removed  from  lb:  gas  during  the 
compressicei  to  keep  its  temperature  constant  and  there fc*e  the  gas  is  not  an  isolated  system. 

IDENTITY  and  SET  Up:  Th:  initial  and  final  states  arc  at  the  same  temperature,  at  the  nornul  boiling  point  of 
4.216  K.  Calculate  the  entropy  change  for  the  irreversible  process  by  cceisklcnng  a reverabk  isothcriml  process 
that  connects  the  same  two  statev  since  AS  is  path  independent  and  tkpends  cmly  on  the  initial  and  final  states. 

For  the  reversible  isothermal  process  we  can  use  !q.(20.18). 

The  heat  flow  for  the  helium  is  Q - -ml.,  negative  since  in  condensation  heat  flows  out  of  the  helium.  The  heat  of 


vaporization  L^  is  given  in  Table  17.4  and  is  L,  - 20.9  x 101  J kg. 

Execute:  Q = -ml  --<0.130  kgX20.9x|0*  l&g)  = -2717  J 
AS  ^ Qf  T - -2717  J.'4-21 6 K - -644  IK. 

EVALUATE:  The  system  we  considered  is  the  0. 130  kg  of  helium:  AS  is  the  entropy  chinge  of  the  helium  TTiis 
is  not  an  isolated  system  since  heat  must  flow  out  of  it  into  some  other  material.  Our  result  that  AS  < <)  doesn't 
violate  the  2nd  law  since  it  is  not  an  isolated  system.  The  material  that  receives  the  beat  that  flows  out  of  the 
helium  would  have  a positive  entropy  change  and  the  total  entropy*  change  would  he  positive. 

Q 

IDENTITY:  Each  phase  transition  occurs  at  constant  terr^crature  and  AS . O - mL ,. 


Set  Up:  For  vaporization  of  water.  L,  - 2256  x 10'  J.  kg. 

Execute:  (n)  AS-£  = H£l- <l  0(>  1 _ 6.05  « 10‘  IK.  Noli:  that  thi*  is  the  change  of 


entropy  of  the  water  as  it  changes  to  steam. 

<b)  The  magnitude  of  the  entropy  change  is  roughly  five  tinxs  the  value  found  in  Uxamplc  20.5. 

Evaluate:  Water  is  less  ordered  (more  random  l than  ice.  but  water  is  far  levs  raiuhxn  than  steam;  a 
consideration  of  the  density  changes  indicates  why  this  should  be  so. 

IDENTITY:  "Hie  phase  transition  occurs  at  constant  tenqicraturc  and  AS  - y . O - mL  . Tbe  mass  of  one  mole  is 


the  molecular  mass  A/. 

SET  UP:  For  water.  L,  - 2256x10'  Jkg.  For  N..  .1/  - 28.0x  10  1 kgftnol.  the  boiling  poont  is  77.34  K and 
L,  - 201  x 10'  J Ig.  For  silver  fAgk  A / ^ 107.9x  10  ‘ kg  mol.  the  boiling  point  is  2466  K and  L%  - 2336x  10*  J.kg. 
For  mercury  (llgk  A i - 200.6 x 10  * kg  mol.  the  boiling  point  is  630  K and  L>  - 272x10*  J.kg. 
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20.33. 


20.34. 


20.35. 


Execute:  as.g.^  NgKgttxio^k,,. 

r T (373.15  K) 

(200.6-li'ks)272x!0-J'.8>_g6(.jK 
(6J0  K l 

(c>  The  results  arc  the  unic  order  or  magnitude,  all  around  100  J/K. 

EVALUATE:  The  entropy  change  is  a measure  of  the  increase  in  randomness  when  a certain  number  (one  mole) 
goes  from  the  liquid  to  the  v^ur  state.  The  entropy  per  particle  for  any  suhstaixe  in  a vapor  state  is  expected  to  be 
roughly  the  same,  and  since  the  randomness  is  nuxh  higher  in  the  vapor  state  (see  Exercise  20.31 ).  the  entropy 
change  per  molecul:  is  roughly  the  same  tor  these  substances. 

IDEVIIFY:  During  the  phase  transition  the  gallium  is  at  a constant  temperature  equal  to  the  mehing  point  of 
gallium  Your  hand  is  at  a constant  temperature  of  98.6;F  - 37.0°C  - 3 10. 1 K.  I leat  |f)j  - m/n  flows  out  of  your 

O 

hand  and  into  the  gallium.  For  heat  flow  at  constant  temperature.  AS  - 

SET  UP:  For  gallium.  L{  - K.04  x 104  J.kg  and  the  melting  point  is  29.8°C  = 303.0  K. 

Execute:  -(25.0x10  1 kgXS.04x|04  J.'kg)  ^2.01x10*  J.  For  your  tend. 

AS  - — - - -6.48  J K.  Heat  flows  out  of  your  hand.  O is  negative,  and  AS  is  negative.  For  the 

T 310.1  K 


gallium.  AS  - - — ^ — — - The  temperature  of  the  gallium  is  less  than  that  of  your  hand  and  |f/J  is  the  same,  so  the 

magnitude  of  the  entropy  change  of  the  gallium  is  greater  than  the  magnitude  of  the  entropy  change  of  your  hand. 
EVALUATE:  For  the  gallium.  AS  > 0.  so  AS##OM  > 0 and  the  process  is  irreversible. 

IDENTIFY:  Apply  1*1(20.23 1 and  follow  the  procedure  used  in  Example  20. 1 1 

SET  UP:  After  th:  partition  is  punctured  each  molecule  has  equal  probability  of  being  on  each  side  of  the  box. 

The  probability  of  two  independent  events  occurring  simultaneously  is  the  product  of  the  probabilities  of  each 
separate  event. 

Execute:  (u)  On  th:  average,  each  half  of  the  box  will  contain  hilf  of  ca:h  type  of  molccuk.  250  of  nitrogen 
and  50  of  oxygen. 

(b)  See  Example  20.1 1.  The  total  change  in  entropy  is 

AS  - AAX2)-t  £>V,lnf2)  ^ (S\  r V\)*  Bn(2>  = (600)(l.38l  x 10"11  J/K)  102)  = 5.74x  10"J1  J/K. 

(c)  The  probability  is  <U2|“  * (V2)"m  = (1/2)''"  = 2.4  x |0  m,  arxl  is  not  likely  to  happen.  The  numerical  result  for 
part  (c)  above  nay  not  he  obtained  directly  on  some  standard  calculators.  For  such  calculators.  the  result  may  be 
found  by  taking  tbc  log  base  ten  of  0.5  and  multiplying  by  600,  then  adding  181  and  then  finding  10  to  the  power 
of  the  sum.  The  result  is  then  IO‘‘**xl0b*?  = 2.4x10 

EVALUATE:  The  contents  of  the  box  constitutes  an  isolated  system.  AS  > 0 and  the  process  is  irreversible. 

(a)  IDENTIFY  and  SET  Up:  The  velocity  distribution  ofFqX  1832)  depends  only  on  T.  so  in  an  isothermal  process 
it  does  not  change. 

(b)  Execute:  Calculate  th:  change  in  the  number  of  available  microscopic  slates  and  apply  l:q.(20.23). 
Following  the  reasoning  of  FxampV:  20.1 1,  the  number  of  possible  positions  available  to  each  molecule  is  altered 
by  a factor  of  3 (becomes  larger).  I lcr.cc  the  number  of  microscopic  states  the  gas  occupies  at  volurrc  31*  is 

w % - (3)'  u’j,  where  »V  is  the  number  of  molecules  and  m*(  is  the  number  of  possible  microscopic  states  at  tbc  start 
of  the  process,  where  tbc  volume  is  V.  Then,  by  Eq.(20.23). 

AS  - fix*  Hi)  - XT*H3)A  a .V*  ln<3>  - n\\k  ln<3>  - »rtln(3) 

AS  -(2.00  nol( 8.3145  Jfaiol-  K)ln<3)- -+I8.3  J/K 

(c)  Identity  and  SET  Up:  For  an  isothermal  reversible  process  AS  - O'  T. 

Execute:  Calculate  H'  and  then  use  the  first  law  to  calculate  Q. 

AT  - 0 implies  A6’  - 0.  since  system  is  an  ideal  gas. 

Then  by  AU*Q-W%  Q-W. 

For  an  isothermal  process.  W = j p dV  - J {nRTiV)dV  - n/?7’!n(K.T,l) 

Thus  Q*nRTHV)tV%)  and  AS  - {?  *T  - ntfln( \\ f\\ ) 

AV  - ( 2.00  n»l«8.3145  Jmol  K|li*31' /K,)-  t-18.3  IK 
EVALUATE:  This  is  the  same  result  as  obtained  in  part  <b). 
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IDENTITY : Example  20.8  shows  that  foe  a free  expansion,  AS  - nR  In<  Vs  iVx ). 

425 


SET  UP:  V - 2.40  L - 2.40x10  1 ml 


EXECUTE:  AS  = 10. 1 00  mol H 8.3 14  J mol  Kiln 


— 


0.0  J K 


EVALUATE:  >0  and  the  free  expansion  be  irreversible. 

iDEsnrv:  riw=l-2L.  It’.ftfe.  fa- 

r»  fit 

Sll  Up:  pV  - nRT ; Ihc  301)  K Motheim  lies  below  the  400  K nolhcim  in  the  pl'-diagram. 

Execute:  <u»  e - 1 - — — 0.200  - 20.0%. 

'**•  500  K 

|b>  =— - 7-T-7  - l0-tKI0  1 |fi  I - |&,|-|>*|- 10.000  j - 2000  I - 8000  J. 

(c|  The  5ft)  K and  400  K isotherms  and  the  Carnot  cycle  operating  between  those  isotherms  arc  sketched  in 
f igure  20.37. 

(d)  The  300  K isotherm  and  the  Carnot  cycle  operating  between  the  500  K and  700  K isotherms  are  also  sketched 
in  Figure  20.77. 

(e)  The  cycle  with  Tt  - 300  K encloses  more  area  than  the  cycle  with  Tc  - 400  K. 

(0  l-css  work  is  dixvc  on  the  gas  during  the  compression  at  lower  temperature,  so  less  heat  is  ejected  to  keep  the 
internal  energy  and  temperature  constant. 

Evaluate:  For  Tt  ^ 300  K.  - 0.400.  W - c0„  = <0.400|<10.000  J>  - 4<)«)  J.  | Q | - 6000  J. 

P 


WK 
80  K 
mu  k 


1DEN  IVY:  W - Q<  tfl(.  Since  it  is  a Camot  cycle.  . The  b:at  required  to  melt  th:  ice  is  O - ml, . 

fit  Tu 

SETUP:  For  water,  Lt  -374x10*  J kg.  Qu>  0,  Qi  <0.  0 - -mLt.  FM  =527*0  = 800.15  K. 

Execute:  (u>  0,  ^ +4 ft)  J.  W = *300  j.  0 ^ ir  -0,  -100  j 
Ti  = ~TJQc  /(?„)  - -<800.15  K)[(  - 100  J )/(400  J)|  = *200  K - -73:C 

( l> > The  total  0 required  k -m/.,  - -( 10.0  kg )(334  x 10'  J/kg ) = -3.34  xlO*  J.  0 for  one  cycle  is  - 100  J.  s. 

-3.34x10'  J 


tlie  number  of  cycles  required  is 


-3.34x10*  cycles. 


-100  J;  cycle 

Evaluate:  The  results  depend  only  on  the  maximum  temperature  of  the  gas.  not  on  the  number  of  moles  or  the 
maximum  pressure. 

IDENTITY:  -1-  — . where  T.  and  T must  be  in  kclvins. 


Set  Up:  Tt  = -90.0°C  - 183  K. 

Execute:  (u>  7;,  — . Foe  r- 0.400.  rM  ■ 'S  ‘ k 
14  1-c  " 1-0.400 


705  K.  For  0.450.  7U  - 


183  K 


733  K.  T. 


1-0.450 

must  be  increased  28  K - 28  C. 

(b)  rt  =(l-c)7J,  «=(1-0450)(305  K)-  168  K.  TK  must  be  decreased  15K  = I5C*. 

EVALUATE:  A Kelvin  degree  is  the  same  si/e  as  a Celsius  degree,  su  a temperature  change  AT  has  the  same 
numerical  value  whether  it  is  expressed  in  K or  in  C°. 


2tM©  Chapter*© 


20.40.  iDEVim : Use  the  ideal  gas  law  to  calculate  p and  V fi>r  each  state.  Use  tlic  first  faw  and  specific  expressions  fee 
O.  \\\  and  A V for  each  process  Use  Eq.(20.4>  to  calculate  c.  Qxx  is  the  net  heat  flow  into  the  gas. 

Set  Up:  /-i.40 

cr  & R >\y  - 1)  ■ 20.79  J mol  K:  C,  * C#  * R - 29. 10  J mol  K.  The  cycle  is  sketched  xn  Figure  20.40. 

7>300K 
T = 600  K 
7 = 492  K 


Figure  20.40 

Execute:  w point  i 

p = 1 .00  atm  - 1 .013x10'  Pa  (given);  pV  - nRT\ 

„ nRT  (0.350  mol  it  X.  3 1 4$  J/nol-  KM300  K)  „ mn  > ( 

k,  8.62x10  m 

px  1.013x10  Pa 


pixnt  2 

process  1 -♦  2 at  constant  volume  so  V1  - Vt  - 8.62 xIO  'm' 
pV  - nRT  and  n.  R.  V constant  implies  px!Tx-  pJT \ 
p - pATtT.)  - (1 .00  a«m|(600  lGJOO  K)  - 2.00  aim  - 2.03*  10*  Pa 


poem  3 

Consider  the  process  3 -*  1.  since  it  is  simpler  than  2 -»  3. 

Process  3 — > 1 is  at  constant  pressure  so  p,  - p.=  1 .00  atm  - 1 013 x 10'  Pa 
pV  - nRT  and  ji,  R.  p constant  implies  Vx  t Jj  - \\iTt 
Vi"KWnm&-*2xWl  m,K492K.*300K)-.  14.1x10  1 m* 

<h)  process  1 » 2 
constant  volume  (AT  - 0) 

Q - nt\AT  - <0.350  roolK20.79 1/mol  • KM600  K - 300  K)  - 2IS0  J 
AK«0  and  W - 0.  Then  AC/  - (1  - IF  = 2 1 80  J 
process  2 ->  3 
Adiabatic  means  Q - 0. 

A U - nC\  A 7 (any  process),  so 

A V ^ (0.350  mol )( 20. 79  J mol  K)(492  K -600  K)  - -780  1 

Then  AU  * Q-  W gives  W *Q-  A U - *7S0  J.  (It  k correct  f»>r  H' to  be  positive  since  AV  is  positive.) 

process  3 -*  1 

For  constant  pressure 

|FspAKs(1.013xl<»1  PaNS.62xlO°  mJ- 14 lx  10  1 m')- -560  J 

or  W - nRAT  - (0350  molMK.3 145  1 mol  • K*300  K - 492  K)  ^ -560  J.  which  checks.  (It  is  correct  for  H'to  be 
negative.  since  AV  is  negative  for  this  process.) 

0 - nCpAT  - <0.350  mol|<29. 10  U mol • KX300  K -492  K)-  -1960  J 
AU  - O - W = - 1 9(0  J - (-560  K)  - -1400  J 

or  A U = nCx  AT  - (0.350  mol  1(20.79  i/mol  KX300  K - 492  K>  ^ -1400  J.  which  ebreks 
(c)  H'#<  - Jf*  ,3  -t  r Jf^  -Or  780  J - 560  J - +220  J 

+ + *21801  + 0-1960  J«+220J 

«),=  "^,w,put  iL-i£Iii-0.10I-10.1%. 

heat  energy  input  Otl  2 1 80  J 
et  Carnot ) - 1 - Tt  ,TU  1 - 300  1C  600  K ^ 0.500. 


Th:  See  cod  Law  of  Thermodynamics  2tt*  1 1 


20.41. 


20.42. 


20.43. 


EVALUATE:  lor  a cycle  A6*  = 0.  so  by  AL'  H*  it  must  he  that  ft*  - JT*  far  a cycle.  We  con  also  check 
that  AC/*,  - a A Um  ^ A L\  -f  At/^,  -f  ALri  tl  - 2180  J - 1050  J - 1 130  J -0 
e<c< Carnot),  as  it  must 

I DEN  tin : pV  - /iJ?7.  so  /?K  b constant  when  7*  is  constant.  Use  the  appropriate  expression  to  calculate  Q and 

H*  for  each  process  in  the  cycle,  c - -y- 

SET  UP:  Tor  an  ideal  diatomic  gas.  C,  -itf  and  Cp  -±R. 

Execute:  (u>  - 2.0*  iol  j.  />krk  - 2.0*  10*  j.  pF  = nRT  *o  p.r.  = pJiays  ta  - rk. 

(h)  For  an  isotherm!  process.  Q - W - * Arinfl'*.  /*' ).  is  a comprcssxm.  w ith  VA  < I' . so  0 < 0 and  heat  is 

rejected,  for  is  at  cceivtant  pressure,  so  Q - nC  AT — pAV.  AV  is  positive.  so  ft>0 and  h:at  b absorbed,  ex!  is 

R 

it  constant  volume,  so  Q - ;jC  A 7*  - i J—VAp.  Ap  is  negative,  so  O < 0 and  beat  is  rejected. 

R 


l*>  r. 


p.  >: 


2.o*  ia‘  j 


* ,,.00MOM,.W..S--24,K-r‘-^f-r--24,K 


4.0- 10‘  J 


P.K 


»R  ( 1 .00*8.3 1 4 Jitnol  • K1 


481 


Cl*  (?.,  ^ir«rin|ilU(1.00nnolHS.J14J  mol -KK24I  K)ln'  01X150  m 1 = -1.39-10'  1. 

) I 0.0 10  m 

ft.  - nC^Af  -<I.O(*KrXS.3l4 1 mol  ■ K >241  K|  - 701 « 10'  J. 

ft  - aC,AT  - (I  OOKtXS.3  14  Jtaiol  • K)(  - 24 1 K)--5.01«I0'  J.  ft  -ft  rft  *■ Q . -610  J. 

|e>  c-—  - 6101 0.087  - 8.7% 

ft  7.01*10' J 

EVALUATE:  We  can  calculate  If  for  each  protest  in  (he  cycle.  - ft  - -I.39*I0‘  J. 

H;  a p&V  - (4.0*  I O'  PaM0.0050m')-2.00*IO'  J.  H_  ^0.  H..,  - +»;.  -610  J.  which  docs  cqurf 

(a)  IDEMIFV  and  SET  lip:  Combine  i:qi(20. 131  and  (20.2)  to  eliminate  ft  ami  obtain  an  expression  fix  ft,  in 
terms  of  H*.  7* , and  7*. 


ir-i  ooj.  7; 


15  K.  T. -290.15  K 


For  the  heat  pump  ft  >0  and  ftM  < 0 

Q J*  ||r 

EXECUTE:  W - ft,  + ft,,:  combining  this  with  - gives  ft  - 


1.00  i 


13.2  J 


L' 


l-r /7*„  1 -r26»15.'  290.151 


(b)  Llcctrical  energy  is  converted  directly  into  heat,  so  an  electrical  energy  input  of  13.2  J would  be  required. 

(c)  EVALUATE:  From  part  (■>,  fli  — — ft„  decreases  as  7*,  decreases The  heat  pump  ts  less  efficient  as 

i-?c/rM 

the  temperature  diflerencc  through  which  the  beat  has  to  be  "pumped**  increases.  In  an  engine,  brat  flows  from  T 
to  7*t  and  work  is  extracted.  The  engine  is  more  cflVrient  the  larger  the  temperature  difference  through  which  the 
heat  flows 

IDENTIFY:  Tt.-T  and  b equal  to  the  maximum  temperature.  Use  th:  idral  gas  hw  to  calculate  7*a.  Apply  the 

appropriate  expression  to  calculate  ft  for  each  process,  c - — — AV  - 0 for  a complete  cycle  and  for  an 
isothermal  process  of  an  ideal  51s. 

SET  Up:  For  helium.  C,  - 3/?/2  and  C - SRfl.  The  maximum  efficiency  is  for  a Carnot  cycle,  and 


i-w 


20- 12  Chapter  20 


20.44. 


EXICITTI : M - <K  * fi.  ft.  - ft.  r - rk  - r - 327-C  - 600  K. 


-— r(- 1(  600  Kl- 200  K. 

r.  T,  p.  J 


p,y-  - "Ri- 
ps* p.K 


"grt  (2  molcs|(S.31  J mol  KK6IXI  K)  An„,  ^ 


3.0k  0 Pa 


r,  r 

2*  - < 


P - K — -(00332  m 


if:-” 


0.0997  m'  = Y . 


AT*  -(2  mo  III  l;i8.31  J mol  K 1(400  K) -9.97x10  J 
a - - J ’ W -J  Z^dY  - >iRT.  In  L.  - nPtr.  In  3. 

a -(2.00  mol|(8.3l  J 'mol  - K)(60O  K>ln  3-1. 10x10'  J.  g.-g^t-g.  = 2.10-10'  I. 

O,  - g.  = «CA7;_  = (2.0(1  mol  ij  1 '( 8.3 1 l/mol  K )<4(»  K>  - 1 .66  > I O'  J 

|b>  Q-\U  + W -0*H'  -»  B"  ~a.  -g.^  ■2.10x10*  J-l.66-10*  J = 4.4»10'  J. 

e=WIO  - 44,10  - 0.2 1 - 2 1%. 

2.10-10'  1 


200  K 
!'•»  I K 


-0.67  -6?*  . 


EVALUATE:  The  thermal  efficiency  of  this  cycle  is  about  one-third  of  the  efficiency  of  a Carnot  cycle  that 
operates  between  the  same  two  temperatures. 

IDENTITY:  For  a IJmw  engim.  - - — . |l  I -|g,|-|g,  I gu  > 0.  Q,  <0.  pY-nRT 


a 


Sll  UP:  The  work  dine  by  I lx-  engine  each  cycle  i*  WtfAy.  wilh  to  - 1 5.0  kg  and  Ay  - 2.00  m T - 773  K. 

g,-sooi. 

Execute:  (a)  The  p V diagram  In  sketched  in  Figure  20.44. 

fo>  W - mg  Ay  - <15.0  kg)9.S0  mls,)(2.00  ml  - 294  J.  |g  I - k'„  I - Ilf  I - 500  J - 294  1 - 206  J.  and  Q - -206  J 


-’■■(I)-1™ 


(c>  til-— - | -1LHL  -0.589 - 58.9%. 


f.  773  K 


Id)  H»  |-206l. 

fe)  Tlic  maximum  pressure  is  for  state  a.  This  is  also  where  the  volume  is  a minimum,  so 


V - 5.00  L - 5.00 x 10  ‘ m\  T = T.  * 773 


;r 


nRT ; f2.<©m>ixs.315  J mol  KX77JK) 
p.  — 1 - 2.5;  x lu 

r 5.00x10  m 


EVALUATE:  We  can  verify  thit  c — — gives  the  same  value  tor  e as  calculated  in  part  (c). 

Qll 


The  Second  Law  of  Them»dyiuinics  20- 1 3 


20.45. 


20.46. 


W If  '(  It'  ()  () 

IDENTIFY:  - e » I - JJ  / Tu.  c ~ W -Q*+  Q<  *o  — - — - — Far  a temperature  change 

Qh  0*  r / r 

Q»mcAT. 

Si:r  UP:  fM  - 300.15  K.  F:  - 279.15  K Foe  w ater,  p - 1000  kg  m*.  so  a mass  of  I kg  has  a volume  of  1 L.  For 

water,  r- 4190  J kg  K. 

Execute:  (u>  c = 1 - w'  I ; v = 70%- 


fry 


g-  2i" fcw 


3.Q  MW  - 210  IW  - 2.8  MW. 


>170 


r t t 


|c>  — - l^J-i  - *2-S»  10’’  W)  13600 <’h)  _ ,q,  kg/hi6„|0,  ^ 

! cAT  (4190  J/kg  • K)  (4  K) 

Evaluate:  The  efficiency  is  small  since  7*  and  7],  don't  ditVer  greatly. 
IDENTIFY : Use  Eq.(20.4)  to  calculate  c. 

SET  UP:  The  cycle  is  sketched  in  Figure  20.46. 

P 


4 


Cr*SR/2 

for  an  xleal  gas  C - C,  + R - 7/f 2 


V0  2Vq 

Figure  20.46 

SET  Up:  C alculate  Q and  IF  for  each  process. 


process  1 -> 

AV  - 0 implies  W - 0 

AV  » 0 implies  Q ^nCt  AT  - nC\  (T. -7*,) 

But  pV  - nRT  and  F constant  says  pV  - nR Tt  and  p,F  - nRT:. 

Thus  ip.  - pW  * nR(T:  -Tt );  VAp  - nRAT  (true  when  V is  constant  l. 

Then  Q = nC,  AT  nC,  (TAp'/jR)  - (C, //?)FA/>  ^ (C,  /*)!'  (2p0  - /?,.)  - (C, .7? )/>,!' . (7  > 0.  heat  is  absorbed  by 
the  gas.  > 


process  2 -*3 

Ap  - 0 so  IF  - pAV  - - F", ) - 2 /^(2F,  - F|()  - 2 pj\,  < IF  ts  positive  since  V increases. I 

Ap  - 0 implies  Q ^ nC/iT  ^ nC, <IJ  - /;> 

But  pF  - and/i  ecmslant  says  p\\  -n/?7*,  and  p\\  - n/?7\. 

Thus  pfFj  - F,>  - nR{  - 7;  fc  pAF  - ;i/?AT  (true  when  p is  constant). 

Then  Q - nC^r  - nC,{ pAVtoR)  - (C^if)pAF  - (C,.7?  >2/?0(2l ' - *;)  - (Cy'R)2pJ\t.  ({?  > 0;  heat  is  absorbed  by 

the  gasL> 

process  3 — > 4 

AF  ^ 0 implies  W = 0 

AF  - 0 so 

Q - »C.  a T - >.C,  - (C,  /KKIV.Kp.  - 2A.)  = -2(C.  /tf)A>',. 

((?  < 0 so  heat  is  rejected  by  the  gas.  | 

process  4 —>  1 

Ap  - 0 so  IF  - pAV  - pfF,  - F4)  - p,(F#  - 2FC.)  - -p,F,  ( IF  is  negative  smcc  V decreases) 

Ap-0  so  (?  = nCJJ  - t\Ce(j>AV>'nR) * {CJR)pAV  - <Cy*>*,<F0  - 21' > = -{CJR {O < 0 so  beat  is 
rejected  by  the  gas.  I 


20-14  Chapter  2* 


20.47. 


»>tal  work  performed  by  the  gas  during  the  cycle: 

+ »■  * »•.  «=®'  w.  - o - p y,  - p,v, 

(Note  that  H'k4  equals  the  area  enclosed  by  the  cycle  in  the pY* diagram. | 

»>tal  heat  absorbed  by  the  gas  during  the  cycle  (Q, ): 

Heat  is  absorbed  in  processes  1 ->  2 and  2 ->3. 


lui  C - It  so  O - C ~ P r 


3C*  *2ff 


/e  V 

total  heat  resected  by  tlx*  gas  during  the  cycle  <Q  k 
Ileal  is  rejected  in  pnxesscs  3 — > 4 and  4 -»  I . 

q.  ws 


p.''. 


Hut  C sC,  + 


ctlxicncy 

W 


I /* 


fl,  (I3Cr+2/?J/i?Mp/0)  3C>2*  3C5/C  2>^2/?  19 

c <=  0. 105  - 10.5% 

/ v*  * t> 

EVALUATE:  /Vs  a check  on  the  calculations  note  that  Q + Qu  - -| . !_ |/>^ 

is  it  should. 


IDENTIFY:  Use  pV  ~ «J?r.  Apply  the  expressions  for  Q and  If  that  apply  to  each  type  of  process.  «• . 

{?»! 

SET  Up:  For  0: . C,  - 20.85  J.  mol  K and  C,  ^ 29. 1 7 J mol  K. 

EXECUTE:  (u>  Pl-  2.00  atm.  1>4.00L  7;=300K. 

Pj  a 200  aim.  »\  = | £ ■'  - (*!£2L  |<4O0  L>-6<>0 

^ a 6.00  L.  * -!f  l(2-0°-m) a 1.1  I am, 


- 4.00  L.  py,-p.\\.  n 1-0.11 
These  processes  arc  shown  xn  Figure  20.47. 


6XOL 
4 . X.  L 


57  atm. 


(2.00  atm  ((4. 00  L> 


- 0.325  mol 


RT.  (0.QS206  L atm  mol  K N 31X1  K > 


process  I ->  2:  H'  - /?Af  - hRA>T  -(0.325  nx»l|<8Jl5  J/mol-  KH1S0  K)-405  J. 

Q - /JC.A7*  ^ (0.325  mol  X 29. 1 7 J mol  K HI  50  K > - 1422  J. 
process  2 -> 3:  0'»O.  (3 - jiC,Ar  =(0.325  molM20.85  J.ml  KH-200  K>  = -I355  J. 

process  3-*  4:  AC/ -0  and  (7 - H'  - n/?7*  lr»  il  j - (0.325  mol  1(8.315  J/mol K)(250  K) In j lllLL  I ^ -274  J. 

[ YJ  v 6.00  L 

process  4 ->  I:  W - 0.  Q = nCtAT  = (0325  moIH20.85  l/mol • KM50  K)  = 339 1. 

(c)  W = 405  J- 274  J = 13 1 J 

131 J 


Id)  c — — — 


D.Q744  - 7.44% 


Qu  1422  J ♦ 339  J 

- 1 - — - I - _ 0.444  - 44.4%:  e.  w 

T 450  K 


is  much  larger. 


The  See  cod  Law  of  Thermodynamics  20- 1 5 


20.48. 


EVALUATE:  0*  = *1422  i +(-1355  J)+ (-274  J>+  339  J = 132  J.  This  is  equal  to  WlA.  apart  from  a slight 
difference  due  to  rounding  For  a cycle,  - 0M,  since  AC'*  - 0. 


p Win) 

.100  K 450  K 


4X0  6. 

Figure  20.47 


Idi.n  I1FY  and  SET  L’P:  For  the  ccmstant  pressure  processes  ah  and  cd  calculate  tV  and  use  the  first  law  to 
cakuhtc  0.  Calculate  0fc4  and  use  that  IFW  - 0fc4  for  a cycle.  The  coellkient  of  performance  is  given  by 
Fq.(20.9);  0t  is  the  net  heat  that  goes  into  the  system,  lb:  cycle  is  skdehed  in  Figure  20.4K. 


EXECUTE:  (a)  process  c ->  J 

A6* -(/,-£/  - 1657 x 10*  J-I005x|0l  J ^6.52x10*  J 

IV  - pdV  - pW  | since  is  a constant  pressure  process) 

tV  - (363 x 10*  PaJ<0.45l3  m‘  - 02202  m ) - *K.39x  104  J (positive  since  process  is  an  expansion) 
MJ -Q-tV  so  0 - AC'*  ♦ H'  - 6.52 x 1 0*  J + 8.39xl04  ^7.36x10*  J. 

(0  positive  so  beat  goes  into  the  coolant) 


(b)  process  o -*6 

At/ =1/,-^  a 1 171x10*  J-I969xl0*  J»-7.98«10’  J 
H-pA  V-  (2305  x 10'  PaM0.00946  m'  - 0.06S2  m‘ ) - - 1 .35  x 10'  J 
(negative  since  AF  < 0 for  the  procc») 

Q - A U * »’  - -7.98  x I0‘  J - 1 .35  x I O'  J - -9.33  x I0'  J 
(negative  so  heat  comes  out  of  coolant). 

(c)  The  coolant  cannot  be  treated  as  an  ideal  gas.  so  we  can't  calculate  W for  the  adiabatic  processes.  But  A U - 0 
(for  cycle)  so  = 0„. 

0 f«*  the  two  adubatic  processes.  mi  Q „ - O,,  »0.  - 7.36x10'  I -9.33x  10'  J = -l.97x  10'  J 
Thus  »'_  - - 1 .97  x 10'  J (negative  since  work  is  done  on  I Sc  coolant.  Ihc  walking  substance) 

<d>  K -Q  /pp|- (+7.36x10*  J)/(+ 1.97x1  O'  Jl-3.74. 

EVALUATE:  < 0 when  the  cycle  is  taken  in  the  counterclockwise  direction,  as  is  the  case  here. 
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20.51. 


IDENTIFY:  Use  A U - 0 - IF  and  the  appropriate  expressions  fee  0.  IF and  ACr  tor  each  type  of  pnxcx*. 

H* 

pV  - nRT  relates  A7*  to/>  and  K values,  c - — — . where  0M  is  the  heat  tbit  enters  the  gas  during  the  cycle. 

Set  Up:  For  a monatomic  ideal  gas,  C,,  = ^R  and  C,  -4* 

(a)  ah:  The  temperature  changes  by  the  same  factor  as  the  volume,  and  so 

0 - nCtAT  = p. {V.-V%)  = <2.5)<3.00x| O' PaKOJOO  m‘) - 2.25x10' J. 

R 

The  woric  pAV  is  the  same  except  for  the  factor  of  4,  so  IF  - 0.90  x 1 0*  J. 

AU=0-K'  = 135x10*  J. 

be:  The  temperature  now  changes  in  propcolion  to  the  pressure  change,  and 
Q - riP.  ~ P,)K  - 0-5H— 2-OOx  10*  PallO.KOO  m‘)  - -2.40 >10*  J.  and  ihc  work  it  zero 
(4 V - 0k  A U -Q-H  - -2.40 • I0'  J. 

ca:  The  easiest  way*  to  do  this  is  to  find  the  work  done  first:  If*  will  tc  the  negative  of  area  in  the  p*V  plane 
hixmdrd  by*  the  litx  representing  the  process  ca  and  tl>r  verticals  from  points  it  and  c.  The  area  of  this  trapezoid  is 
4(3.<O*l0'  Pa + 1.00x10*  PaXO.KOOm* -0.500  m*)- 6.00x10*  J and  so  the  work  is  -0.60x10' i.  MS  must 
be  l .05x10*  J (smee  ALr  - 0 for  the  cycle,  anticipating  part  (b)),  and  so  0 must  be  ALr  + W - 0.45  x 10*  J. 

(b)  Sec  above:  0^  IF -;0.30xl0*  J.  AC/=0. 

(c>  The  heat  added,  during  process  ah  and  ca.  is  2.25  x 1 0*  J -f  0.45  x 1 0*  i - 2.70  x 10*  J and  the  efficiency  is 
0M  2.70x10 

EVALUATE:  Tor  any  cycle.  A V - 0 and  0 - W. 


IDENTIFY : Use  the  appropriate  expressions  for  O.  1#’  and  A 6’  for  each  process.  e — Wi  0„  and  c. 


-717. 


SET  UP:  For  this  cycle.  rM  - T.  and  7“  - T 

Execute:  (a)ofc  Tor  the  isothcrrml  process.  A7*  =0  and  AU  -0. 

IF  - nRT{  ln( F,/F  ) - aRT^I  I tr)  = -nRT\t*r ) and  Q-W^-nR^  Infr). 

he:  Tor  the  bocboric  process.  AV  - 0 and  W ^ 0.  Q-MJ  ^ nC,AT  ^ jiC,  < T3  - Tt). 

vd:  As  in  the  process  ah.  MS  - I)  and  W - 0 - ff/trbifr). 

dec.  As  in  process  he.  AV  » 0 and  IF  - Q MS  = 0 » nC\  (7*.  - 7 ). 

(b)  The  values  of  0 for  the  processes  are  the  negatives  of  each  other. 

(c|  The  net  wock  for  one  cycle  is  IF^  - nR{  T..  - 7|  )ln(r).  and  the  heat  added  (neglecting  the  heat  exchanged  during 
the  isochcric  expansion  and  compression,  as  mentioned  in  put  (b»  is  Q A - nR7  ln(r).  and  the  efficiency  is 
IF 

c - - 1 - (7J/7J).  This  is  the  &imc  as  the  efficiency  of  a Carnot  *cyc  I c engine  operating  between  the  two 

temperatures. 

EVALUATE:  Tor  a Carnot  cycle  two  steps  in  the  cycle  are  isothermal  and  two  are  adiabatic  and  all  the  beat  flow 
occurs  in  the  isothermal  processes.  Tor  the  Stirling  cycle  all  the  heat  flow  is  also  in  tlx  isothcrmil  steps,  since  the 
net  heat  flow  in  the  twx>  constant  volume  steps  is  zero. 

IF  t IF 

IDKMIFY:  Tlx  cffiexixy  of  the  composite  engine  is  e,%  . wfecrc  Qit  is  the  beat  input  to  the  first  engirx 

Q* 41 

and  IF,  and  W2  are  the  wwk  outputs  of  the  two  engines.  Tor  any*  heat  engine.  IF  - 0,  -t  Ou.  and  for  a Carnot  engine. 
— ■ — . wtxrc  0W,  and  arc  tbe  heat  flows  at  the  two  reservoirs  tbit  have  tcmfxrature*  7*k#  and  Tb^. 

setup:  a.*— cl.,.  rM»r9  r^=rH,  and  r^,=r. 

Execute:  f|i ~ ^ - . w Q,mt. .hi, <0  f() 

flu  Ai,.l  Q.f-i 


Q..i  = ~Q.~  ■ 


T-=-r,  T n ( r“  ' V< 


This  gives  - 1 - — i-.  The  efficiency  of 


the  composite  system  is  ttx  same  as  that  of  the  original  engine. 

Evaluate:  The  overall  efficiency  is  iiKlcpendcnt  of  the  value  of  the  intcrnxdiate  temperature  T\ 


Th:  Six-cod  Law  of  Them»dyiumics  20*  1 7 


20.52.  IDENTIFY:  v 1 day  - 8.64  x 10*  x For  the  river  water.  Q - mc&T,  where  the  beat  that  gees  into  the  water 

Qt « 

is  the  heat  Q rejected  by  the  engitv.  The  density  of  water  rs  1000  kg  m'.  When  an  object  urxlcrgoes  a 
temperature  change.  AS  - me  litf  / 7] ). 

SETUP:  1R0*C«  291.1  K.  \S.5°C  - 291.6  K. 

Execute:  /j,.!  10)01  MW  .230x10*  MW. 

r <•  0.40 

<b)  The  heat  input  in  one  day  is  (2.50x  10*  W 1(8.64  x 104  %)  - 2.l6x  l04  J.  Th:  mass  of  coal  used  per  day  is 

216‘I0',J  -8.15x10*  kg. 

2.65x10  J fkg 

<c>Ni|,,h|P*l  KM“N-|,rl  F ! “2 .50x10*  MW -l«0  MW -1.50x10''  MW. 

(d)  The  heat  input  to  the  river  is  1.50x  10*  I/s.  Q - meJsJ  and  A T - 0.5  C°  gives 

tn  - — 1-1  ! i 7.16x10'  kg.  V - — - 716  in'.  The  river  flow  rate  must  be  716  m'  >'%. 

rAI"  <4190  J/kg  KM0.5K) 

<e>  In  one  second.  7.l6x  10*  kg  of  water  goo  from  291.1  K to  291.6  K. 


-7.16x10' kg.  U-  — -716  m.  The  river  flow  rate  must  be  716  m\’s. 
P 


AS  - me 


n|£  -(7.16x10'  kgX4l90J kg  Kiln  ^ f>  K -5.1x10'  JK. 
ir,  291.1  K 


EVALUATE:  The  entropy*  of  the  river  increases  because  heat  flows  into  it.  The  mass  of  coal  used  per  second  is  huge 
20.53.  (a)  IDENTIFY  and  SET  llr:  Calcualte  v from  Eq.<20.6),  Q from  Lq.(20.4»  and  then  If  from  I:q.(20.2). 

Execute:  ^ 1 - l/<r’  ‘ - 1 - 1 xi06c  4 ) ^ 0.61 1 1 

c = (Qu  r Qc  )/fl,  and  we  are  given  Qu  - 200  J;  calculate  Q< 

0 - (e-l)04  - (0.61 1 1 - 1X200  J)  - -78  J ( negativ  e since  corresponds  to  heat  leaving) 

Then  W - Q<  * Qu  - -78  J r 2CO  J - 122  J.  (Positive,  in  agreement  with  Fig.  20.6.) 

EVALUATE:  O Jf>0.  and  Ok  <0  for  an  engine  cycle. 

<l»)  IDENTIFY  and  SET  UP:  The  stoke  times  the  bore  equals  the  change  in  volume.  The  initial  volume  is  the  final 
volume  V timex  the  compression  ratio  r.  Combining  these  two  expressions  gives  an  equation  for  V.  For  each 
cylinder  of  area  A - x{d  > 2)s  the  piston  moves  0.864  m and  the  volume  changes  from  rV  to  V%  as  shown  in 
Figure  20.53a. 

t n rni  • = 

=F=T  M-r 


f.  -/v  = 86.4x10'*  m 


Figure  20.53a 

EXECUTE:  l^A-LA-rV -V  and  (/,-/} Vf a (r- vy 

' "-‘-I"  ""  -4.S1 1 - IQ'*  m 


At  point  it  the  volume  is  rV  *10.6(4.81 1x10“'  ml-  5.10x10  4 m ‘. 

(c)  IDENTIFY  and  SET  UP:  Th:  processes  in  the  Otto  cycW  are  cither  constant  volume  or  adiabatic.  Use  the  Q4 
that  is  given  to  calculate  A7*  for  process  he.  Use  Eq.(  1 9.22 > and  pV  - nRT  to  relate/?,  I* and  T for  the  adiabatic 
processes  uh  and  cd. 

EXECUTE;  poini  ,i:  T.  - MO  K.  p_  -8.50x10*  Pa.  and  -5.10x10*  m‘ 
niml  b.  Vt  - r./r- 4.81x10  m‘.  Proccn  a -th  i*  adiabatic.  «i  TJ’’  1 - 7", I”  \ 

T.irvy -*  = r.i”1 

71  = Ty - 3C0  K(  10.6)"  = 771  K 

pV  - nRT  to  pV  IT  - nR  - constant.  to  pJ'JT  - P.VJTt 

p.  - pit'  /KKr,/r)-(S.S0«l0*  PaXrV/Vrm  K/300  K|  - 2.J2x  10"  Pa 


2tM8  C hapter  20 


point  r:  Process  b -tc  b at  constant  volume.  so  Vt  - Y\  - 4.81  x 10  ' m‘ 

Qi%  = nCt  AT  - nC\  < T - Tt).  He  problem  specifies  Q,  - 200  J;  use  ti>  calculate  T . First  use  the  /\  K,  T values  at 
point  a to  calculate  the  number  of  hk»Vm  it. 

n - — — — I"  l‘“"5111  - 1"  — : 0.01738  mol 
RT  (8.3145  J, mol  K)(300Kt 

Then  T-T.  - — — 561.3  K.  and  T - T -» 561.3  K - 771  K ♦ 561  K - 1332  K 

nC.  (001738  nx>IX20.5  J'mnlK) 
p/T BnK/y -constant  *o  pJT=p.lT 
P.  -p1(J;/7'.)-<2.32xlO>  Pa)(1332  fC-‘77l  K)  = 4.01x10’  Pa 
mxni  d V,  -I’  -5. 10- 10'  m‘ 
pruccu  c-td  it  j*liabatK.  hi  T,VJ'‘  - TV? 

Tiryy1  • r.  i"'1 

T,-TJr'' 1 =1332  K/10.6**  = SI8  K 
P.K'T.  -pJ'.tT, 

Pj  = pjy /yJxrJ/T)=(Mi*ur  pjht.'/T'x.ms  101332 k>= 1.47- 10'  Pa 

EVALUATE:  Can  look  at  process  J ->  a as  a check. 

Qt  ^ nC\  <T"  - T4)~  (0.01738  molX20.5  J/mol  • KX300  K -518  K)  ^ -78  J.  which  agrees  with  part  (at.  The  cycle 
is  sketched  in  Figure  20.53b. 


r 


Figure  20.53b 


< <1  > IDI-Min  and  S»:r  UP:  The  Carnot  efficiency  is  given  by  I:q.(20  14).  Tit  is  the  highest  temperature  reached 
in  the  cycle  and  7J  is  the  lowest. 

Execute:  From  part  (at  the  efficiency  of  this  Otto  cycle  is  e = 0.61 1 -61.1%. 

The  efficiency  of  a Carnot  cycle  operating  between  1332  K and  300  K is 
e{ Carnot)  ^ 1 - ft  (Tu  - 1-300  K/1332  K - 0.775  ^ 77.5%  which  is  larger. 

EVALUATE:  The  2nd  law  requires  that  e £ efCamot),  and  our  result  obeys  this  law*. 

20.54.  I Dl\  tin : K - Ml.  |y # | - |g  | ■*  |H’  | The  beat  flows  for  the  inside  and  outside  air  occur  at  constant  T so 

&S*QfT 

SETUP:  2l.0eC  = 294.1  K.  35.0&C - 308.1  K. 

Execute:  m |0|-a|if|.  rt  -at?a  -(2.80>800  wi-2.24xio*  w. 

< 1» > /»  =Pe  + Pm  - 2.24  x 10*  \V  -t  800  W - 3.01  x I0‘  W. 

(c)  In  I h - 3600  s.  Qi{  - /J,r  - 1.094x10*  J.  \Sm4-¥±.  1 '["/  M J 3.5Sxl04JK. 

7m  308.1  k 


TtK  Sec  cod  Law  of  lhem»dyiuinics  20-19 


20.55. 


20.5b. 


20.57. 


(<1>  0 - /[/  -8  <)64xl0‘  J.  licit  Q is  removed  from  the  inside  air. 

AT  - JL-  -,'"4  ~10  1 --2.74*10*  JK.  AS  - AS  « AS  = 8.1-10*  JK. 

* r,  294.1  K 

EVALUATE:  The  increase  in  the  entrepy  of  the  outside  air  is  greater  than  tbc  entropy  decrease  of  the  air  in  the 
room. 

Idem  in  and  SET  L’P:  Use  Lq.(2l)  I3>  for  an  infinitesimal  heat  flow  <iQXi  from  the  hot  reservoir  and  use  that 
expression  with  Lq.<2>  19)  to  relate  A 5l|t  the  entropy  change  of  the  hot  reservoir,  to  |g  | 

(a)  EXECUTE:  Consider  an  infinitesimal  brat  flow  ciOit  that  occur*  when  the  temperature  of  the  hot  reservoir  is  T': 

dQ 1 Hr, 


Iflbl-H  ( 


- r,  I as,, 


(b)  The  I.OI  kg  of  wale*  <tbc  high-tcmpcraturc  reservoir)  goc*  from  373  K lo  273  K. 

Q„  - mc\T  - II  .00  kgM4l90  Jtg-KKIOO  K)=  4. 19-  10'  J 

AS,,  - mi  In)  7^  i'  r | - (1.00  kSM4l90J  tg  K)ln(273ll373)  - -I30S  J K 

The  rcsull  of  port  (a)  gives  |Q  |-  (275  KMI30S  J/K|-  3.57-10'  J 

Q,  comes  out  of  the  engine,  so  Q,  - -3.57  « 10’  J 

Then  If  - Q,  »(?„  = -3.57-1  O'  J » 4.19- 10'  J = 62-10*  J. 

(c  > 2.00  kg  of  water  goes  from  323  K lo  273  K 

Q „ = -uk AT"  = (2.00  kgl(4190  J ig  ■ KX50  K)  = 4.I9«I0'  J 

AS,,  -aieln(7^77j)-(2.00  kgl(4190  J ig  K>ln(272.'323)  -■ -1.41 « 10'  J K 

Qt  — r.|ASM |— 3.85x10'  J 

H'  a 0 +0M  = 3.4x10*  J 

(<l>  EVALUATE:  More  work  can  be  extracted  from  1 .00  kg  of  water  at  373  K than  from  2.00  kg  of  water  at  323  K 
even  though  the  energy  that  come*  out  of  the  water  as  it  cools  to  273  K is  the  san>:  in  both  cases.  The  energy  in  the 
323  K water  is  less  available  for  convcrswn  into  mechanical  work. 

Identity:  The  maximum  power  that  can  he  extracted  « the  total  kinetic  energy  K of  the  mass  of  air  that  passes 
over  the  turbine  blades  in  time  /. 

SET  UP:  The  volume  of  a cylinder  of  diarrclcr  ii  and  length  l.  is  (,r/‘  ■'  4)L.  Kinetic  energy  is 

Execute:  (u)  The  cylinder  described  contains  a miss  of  air  m - p{sdi/4  )L.  and  so  the  total  kinetic  energy  is 

A'  - p(x/ Rfd’Lv"  This  miss  of  air  will  pass  by  the  turbine  in  a time  t - Ljw  arel  so  the  maximum  power  is 

P-  — BjKx/8)rfV.  Numerically.  the  product  #>_<ff/8J  >0.5  kg/m‘  =0.5  WV/m*.  This  completes  the  proof 

J /£{  ‘ | |3,2-  10"  \V||0.2S|  ; ‘ 0 

{bFJ  [ (0.5W  sVm'M97  ml-  ) V 

(O  Wind  speeds  tend  to  be  higher  m mountain  pavses. 

EVALUATE:  The  maximum  power  rs  proportional  to  v\  so  increases  rapklly  with  increase  in  wind  speed 

iDtMltV:  Foe  j Cut—  device.  — - . If  - {?„  i-  (3, . 

ru  01 

SKI  Up:  Q,  - 1000  J.  10.0:C  - 283. 1 K.  35.CTC  - 308.1  K.  I5.0°C  = 28S.1  K. 

Execute:  (■>  (?„  - -jikje,  = jiiono  J) - -i.oss- io*  J.  if  = 1000  J +<-1.088x10*  j>-  -88  j. 

(h)  Nun-  H ~ J(1000  J1  - -I.0IS- 10*  J.  If  - 1000  J ■*(-1.018- 10‘  J)  - -18  J. 

(O  The/jl’- diagrams  for  the  two  Camot  cycles  are  sketched  in  figure  20.57. 


20-2©  Chapter  2© 


20.5*. 


20.59. 


EVALUATE:  More  work  must  be  done  to  move  the  heat  energy  through  a greater  temperature  difference. 

y 


»$5C 
15*  C 
10-C 
— \ 


IDENTIFY  and  SET  L*P:  Finl  izte  the  methods  of  Chapter  1 7 to  calculate  the  flail  temperature  T of  the  system 
Execute:  0 6Cft  kg  of  water  fcoois  from  45.0°C  to  T) 

Q - mcAT  ^ (O.ttIO  kg  K4 1 91)  J ig  KX T - 45.0'C)  - (25 14  J 'Kir  - 1 . 1 3 1 3 x lo'  J 
0.0500  kg  of  lee  (warm*  to  VC.  melts,  ami  <valcr  warms  from  Ot  to  D 
Q - «e_(CrC -(-l5.0'C))-.mi|  . m,-_<r-0’C> 

Q - 0.0500  kg[(2 100  J ig  KX ■ S.O’C)  ■.  334  x I0‘  J.  kg  . (4 1 90  J Ig  KX  T - 0‘C  l i 
Q - 1575  J 1 1.67x10*  J » 1209.5  J>'K)7  = 1. 828x10'  J » (209.5  J'KIT 
filU..  =<•  give*  (2514  J'K)r-l. 1313x10'  J ■»  1.828x10'  J ■•(209.5  J.'K>T  - 0 
(2.724x10*  J'Kir  -9.4K5<I0'  J 
T » (9.4X5  x 10'  JX2.724  x 10*  J/K)  - 34.83°C  - SOS  K 

Evaluate:  The  final  temperature  must  lie  between  - 1 S.O’C  ar.1  45.0:C.  A final  temperature  of  34.Xt  is 
consistent  with  only  liquid  water  being  present  at  equilibrium. 

I DEV  Ilf  Y and  SET  UP:  Now  we  can  calculate  th:  entropy  change*.  Use  AS  - QT  for  phase  changes  and  the 
methixl  of  Example  20.6  to  calculate  AS  for  temperature  changes. 

Execute:  ice:  The  process  takes  ice  at  1 5°C  and  produces  water  at  34SCC.  Calculate  AS  for  a reversible  process 
between  these  two  states,  in  which  heat  is  ad&d  very  slowly.  XS  rs  path  independent,  so  AS  for  a rcvcjxibi:  process 
is  the  sanv  os  AS  for  th:  actual  I irreversible)  process  a*  long  as  the  initial  and  final  states  arc  the  same. 

rl 

AS  - J ( dO »’  7\  where  T roust  be  in  kclvins 

For  a temperature  change  dO  - medT  so  AS  - j ’ (mc/T)dT  - nu  fanT/7;). 

For  a phase  change,  since  it  occur*  at  convtant  T, 

AS  - 1 >T  - Qi  T - imL  f T. 

Therefore  AS^  - me m ln(273  K/2S*  K>  r mL{  /273  K -t  ln(308  K’273  K) 

AS*.  - (0.0500  kgl(i2  KOo  J ig  • K iln  273  K258  K)  + (334x10*  J'kgK'273  K + (4190  J kg  K)ln(308  K273  K|] 
AS^  =5.93  JK  +61.17  MC + 25.27  J/K  = 92.4  J/K 

water.  AS**,  - tncbf^ / TJ)  = 10.600  kgM4 190  J kg  K)ln(308  K/318  K>  -80.3  J/K 
For  the  system  AS  ^ ASU  + AS^  - 92.4  J/K  -SO. 3 J/K  = +12  J/K 

Evaluate:  Our  calculation  gises  AS  > 0.  as  it  roust  for  an  irreversible  process  of  an  isolated  system. 

Identify:  Apply  Eq^20.19).  From  the  derivation  ofEq.  120.6).  T%  -r  'T  and  T «rrTrf. 

Set  L’P:  For  a constant  volume  proeexs.  dO  - nC,  dT . 

EXECUTE:  (u)  For  a constant -volume  process  for  an  ideal  gas.  where  the  temperature  changes  from  T,  to  T ^ 

AS  » n C,  f - aC,  In  The  entropy  changes  are  nC\  Inf  T jT(  \ and  nC  ln(  T ). 

(b)  The  total  entropy  change  for  ooc  cycle  is  the  sum  of  the  entropy  change*  found  in  pul  (a);  the  other 
processes  in  th:  cycle  are  adiabatic,  with  Q - 0 and  AV  - 0.  The  total  is  then 

(c>  The  system  is  not  isolated  and  a zero  change  of  entropy  fee  an  irreversible  system  is  certainly  possible. 
Evaluate:  In  an  irreversible  pnxcxs  for  an  isolated  system,  AS  > 0.  Hut  the  entropy  change  for  some  of  the 
components  of  the  system  con  be  negative  or  zero. 


The  Six* cod  Law  of  Thermodynamics  20*2 1 


20.60. 


20.61. 


20.62. 


iDLVIlil: 


For  a reversible  isothcrnvil  process,  AV  - — . For  a reversible  adiahitic  process,  O - 0 ami  AS  - 


. un  t 


The  Carnot  cycle  consists  of  two  reversible  isothermal  processes  ami  tw  o reversible  adiabatic  prioresses. 
si:r  UP:  Use  the  results  for  the  Stirling  cycle  from  Problem  20.50 
Execute:  (a)  The  graph  is  given  in  Figure  20.60. 

(b)  For  a reversible  process,  dS  - ^ and  so dQ  - T dSs  and  Q - jdQ  - Jr rfS,  which  is  the  area  under  the 
in  the  TS  plane. 

(c>  Qu  is  the  area  under  the  rectangle  hounded  by  the  horizontal  pari  of  the  rectangl:  at  T(  ami  the  verticals.  | g 
is  the  area  hounded  by  the  hon/xmtal  part  of  the  rectangle  at  Tt  ami  the  verticals.  The  net  work  is  then  Qu—  |{J.  |, 
tlic  area  bounded  by  the  rectangle  that  represents  the  process.  The  ratio  of  the  areas  is  the  ratio  of  the  lengths  of  the 

IF  T - T 

vertical  sides  of  the  respective  rectangles,  and  the  efficiency  is  c • ^ . 

( <1  > As  explained  in  Problem  20.50.  the  substance  that  mxliatcs  the  heat  exchange  during  the  isochoric  expansion 
and  compression  docs  not  leave  the  system,  and  the  diagram  is  the  same  as  in  part  {a).  As  found  in  that  problem, 
the  ideal  efficiency  is  the  same  as  for  a Camot  cycle  engine. 

Evaluate:  The  Privation  of  using  the  concept  of  entropy  is  much  simpler  than  the  denv  alien  in 
Section  20.6.  but  yields  the  same  result. 

T 


.di.Mite 


itlututie 


KOcrml 


Figure  20.60 


IDENTIFY : The  temperatures  of  the  ice-water  mixture  and  of  the  boiling  water  arc  coastant.  so  AY  - The 
How  fee  the  mching  phase  transition  of  the  ice  is  Q = . 

Set  Up:  For  water.  Lt  = 3.34  x 10*  J.'kg. 

Execute:  <a>  The  heat  that  goes  into  the  ioc-watcr  mixture  is 

Q - ml n - (0.160  kg  X 3.34  x 10*  J.'kg)  - 5.34  x I04  J.  This  is  same  amount  of  heat  leaves  the  boiling  water,  so 
■ _-£--S.4>|0,J 


(b>  AY-  — 


373  K 

5.34  *104  1 


- + 196  J.K 


II. 


273  K 

(c)  For  any  segment  of  the  rod.  the  net  heat  flow  is  zero,  so  AS 
(<l>  ASM  ^ -143  J.'K  + 196  J.'K  = +53  J.K 

EVALUATE:  The  brat  flow  is  imevcrsible,  sime  the  system  is  isolated  and  the  total  entropy  change  is  positive 
Idem  it Y : Use  the  expression  derived  in  lixamplc  20.6  foe  the  entropy*  change  in  a temperature  change. 
SETUP:  For  water,  c*  4190  J.  kg- K.  20ftC  - 293.15  K.  65°C  - 338.15  K and  1 20° C - 393.15  K. 
EXECUTE:  (u>  AS  = mdnfr2/7;)  = (250x10  1 kgXdl'W  J/kg- K)ln<338.15  K/293.15  K)  = I50  J/K 
-mcAT  -<250x10  * kgX4190  J/kg  KK33S.  15  K - 293.15  K> 


lb)  av  - 

393.15  K 

(c)  The  sum  of  the  result  of  parts  (a)  and  l b)  is  AS  ^ - 30  J.'K. 


-120  J K. 
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20.63. 


20.64. 


EVALUATE:  (d)  Heating  a liquid  is  not  reversible.  Whatever  the  energy  source  tar  the  heating  eVrmcnt.  heat  is 
being  delivered  at  a higher  temfvraiure  than  that  of  the  water,  and  tT>e  entropy  loss  of  the  source  will  he  less  in 
magnitude  than  the  entropy  gain  of  the  water.  The  net  entropy  change  k positive 

IDENTIFY:  Use  the  expression  derived  in  lixomple  20.6  foe  the  entropy  change  in  a temperature  change.  For  the 
value  of  T for  which  AS  is  a maximum.  d(AS)fdT  = 0. 

SET  UP:  The  heat  flow  for  a temperature  change  is  O-  ikcAT 

Execute:  <u>  As  in  Example  20. 10.  the  entropy  change  of  the  Art  object  k m^bi)  T/Tt ) and  that  of  the  second 
is  /WjCjlnl  T't  J\).  and  so  the  net  entropy  change  is  w given.  Neglecting  h:at  transfer  to  the  surroundings, 

0,  * Q1  - 0.  mffj  - 7j)  + - T.)  = 0.  which  is  the  given  expression. 

(hi  Solving  the  energy  •conservation  relation  lor  V and  substituting  into  the  expression  Air  A S gives 

AS  - me  h — 1 1 Mi.t  lni  I - — — -I  — 1 1.  Differentiating  with  respect  to  T and  setting  the  derivative  equal  to 

UJ  l “Mri  T‘» 

) ni  ^ wWcd  for  Tsm,cJrm^T^  Uling ^ 4alue  foc  r 
r i , fr  T.Yi  mf\ ’ mi£; 

in  the  conservation  of energy  expression  m part  ia)  and  solving  fee  T'  gives  7*’ — . Therefore. 

■fi+iVr 

T - T'  when  AS  is  a maximum. 

Evaluate:  <c)  The  fmal  state  of  the  system  will  be  that  for  which  no  further  entropy  change  is  possible.  If 
T < T* % it  is  possible  for  the  temperatures  to  approach  each  other  while  increasing  the  total  entropy,  but  when 
T = 7”.  no  further  spontaneous  heat  exchange  is  possible. 

IDENTIFY : Calculate  Q and  Otl in  terms  of p anJ  Tat  each  point.  Use  the  ideal  gas  law  and  th:  pressure  volunv 

Ip  I 

relation  for  adialxitic  processes  for  an  ideal  gas.  r — 1 - I— 

|0i| 

SET  Up:  For  an  ideal  gas.  Cv  - C\  -f  R.  and  taking  air  to  be  diatomic.  Cy  = Ct  - ±R  and  j = 

Execute:  Referring  to  Figure  20.7  in  the  textbook,  0M  - n iJ?(T  - Tk)  = t( /. K ~ P*K)-  Similarly. 

0 - nlR<p}\  - PjU.X  What  needs  to  be  done  k to  find  the  relations  between  the  prodixt  of  the  pressure  and  the 

volume  at  the  four  points  For  an  ideal  gw.  - - — so  pV%  - pj\  ] — I.  Fora  compressicei  ratio;*,  and  given 

T L \L) 

fvT'  , fv"* 

that  for  the  Diesel  cycle  the  process  ah  is  adiabatic.  p>V(  - p}\  ^ jf  - p}\r  . Similarly,  pAVj  - p \\  ] — 

Note  that  the  last  result  uses  the  fact  tliat  process  J<r  is  isocharic.  and  V - V : also,  /;  - pk  (prixess  be  is  isobaricl, 


and  so  Vt  =Vh\  |.  Then. 


K 1 v.  r T y I (TV’ 


K r>  K T.  r-  IW'R ~r> 


Combining  the  above  results.  p4 1'  - pV*  | ZL  | r . Substitution  of  the  above  results  into  Eq.  (20.4)  gives 


7 


L r”’2  - 1 

r 


01 


. where  — - 3.167  and  r - 1.40  have  been  used.  Substitution  of  r - 21.0  yields 


1.41  C3.167)-r 
e - 0.708  - 70.S%. 

EVALUATE:  The  efficiency  for  an  Otto  cycle  with  r - 2 1 .0  and  / = 1.40  « e = I - r*  * - 1 - (21 .0) 1 - 70.4%. 
Tlus  is  very  close  to  the  value  for  the  Diesel  cycle. 
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21.1.  <a)  IDENTIFY  and  Set  Up:  Use  the  charge  ofooc  electron  (-1.602  x 10'**  C>  n>  find  the  number  of  electrons 

required  to  produce  the  net  charge. 

EXECUTE:  The  number  of  cxccw  electron*  needed  to  produce  net  charge  if  is 

g_  ' , 2.00. 101-  election. 

-c  -1.602 « 10  C .electron 

<b>  IDEVHFY  and  SET  UK  Use  the  atomic  maw  of  lead  to  find  the  number  of  lead  atom*  in  8.00  * 10  kg  of 
lead.  From  this  and  the  total  number  of  execw  electrons,  find  th:  number  of  excess  electrons  per  lead  atom. 
EXECUTE:  The  atomic  mas*  of  lead  is  207*10  1 kg  mol  so  the  number  of  moles  in  S.00*  10  kg  i* 

n - - — 1 ^ — - 0.03S65  mol.  \\  I A vogadro’x  number!  k the  number  of  atom*  in  1 mole,  so  the 

M 207x10  * kg  mol 

number  of  lead  atoms  is  X - nXA  -(0.0386S  nwl|<6.022xl0*i  atom*  mol)  - 2.328x  I022  atoms. The  number  of 

2.00xl0u  cketrons  n tl 
excess  electrons  per  lead  atom  is  8.59x  10 


excess  electrons  per  lead  atom  is  - 8.59x  10 

2.328x1  O'*  atom* 

EVALUATE:  Even  this  small  net  charge  corresponds  to  a Large  number  of  execw  electron*.  But  the  number  of 
atoms  in  the  sphere  i*  much  larger  still  so  the  nuntoer  of  excess  electrons  per  lead  atom  is  very  small. 

21.2.  IDENTIFY : The  charge  that  flows  is  the  rate  of  charge  flow  tmx*s  the  duration  of  the  time  interval. 

Set  UP:  The  charge  of  one  ekclron  has  magnitude  c = 1 .60x  10  **  C. 

Execute:  The  rate  of  charge  flow  is  20.000  Os  and  / - 100  /x*  - 1.00  x 10  4 s. 

Q- (20.000  CAHI.OOx  10'  *)  - 2.00  C.  TTk  number  of  electron*  i*  a. L>  . . -I.ZSxlO1*. 

l.&lxIO  c 

EV  ALU  ATE:  Thr*  I*  a very  large  amount  of  charge  and  a large  number  of  electron*. 

2 1 .3.  IDENTIFY:  From  your  mass  estimate  the  number  of  protons  in  your  body.  You  hive  an  equal  number  of  electrons. 
SET  Up:  Assume  a body  miss  of  70  kg.  The  charge  ofooc  electron  is  - 1 .60  x 1 0 ' C. 

Execute:  The  maw  is  primarily  protons  and  ixutrons  of  m - 1.67  x 10  * kg.  The  total  number  of  protons  and 

neutrons  r*  nf-J„  - ^ ^ ^ 4.2  x I0*\  About  ooe  half  arc  proton*,  so  i*p  = 2. 1 x 101*  = ng . TTic  number  of 

clectrvms  is  about  2.1  x I02*.  The  total  charge  of  these  electrons  is 
Q - (-l.60x  10  " Ceicctr«i)(2.10x  10^  electrons!  - -3.35x1 0#  C. 

EVALUATE:  The*  I*  a huge  amount  of  negative  charge.  But  your  body  contain*  an  equal  number  of  protons  and 
your  net  charge  is  zero.  If  you  carry  a net  charge,  the  number  of  excess  or  missing  electrons  i*  a very  small  fraction 
of  the  total  number  of  electrons  in  your  body. 

21.4.  IDF.VI1FY:  Use  the  maw  m of  the  nng  and  the  atomic  mass  M of  gold  to  calculate  the  number  of  gold  atoms. 

Each  atom  ha*  79  protons  and  an  equal  number  of  electrons. 

SET  Up:  *Va  - 6.02  x 102*  atoms  mol  A proton  has  charge  ♦<*. 

Execute:  The  maw  of  gold  is  17.7  g and  the  atomic  weight  of  gold  r<  197  g/mol  So  the  number  of  atom* 

is  A'  n -(6.02  x 10* ; atoms.' mol)  I t * ' ' ' ~ t | - S.dlxlO2*’  atom* . The  number  of  protons  is 
* V 197  g/mol  J 

=(79  protons  atomX  5.41x10**'  atom* 1 = 427x1 &*  protons.  Q=(npH\Mx  10  ' Cproton!  = 6.83x10*  C. 

<b!  The  number  of  electrons  i*  nt  - n t - 427  x 10*. 

EVALUATE:  The  total  amount  of  positive  charge  in  the  ring  is  very  large,  but  there  is  an  equal  amount  of  negative 
charge. 


21. 1 


21-2  diopter  21 


21.5. 


21.6. 


21.7. 


21.8. 


21.9. 


Identify:  Apply  /*  _ amj  solve  far  r. 

T* 

Set  Up:  F - 650  N . 

Execute 


te: 

V F > 650  N 

EVAIXATE:  Charged  objects  typically  have  net  chaises  much  lest  than  I C. 
IDENTIFY:  Apply  Coulomb's  law  and  calculate  the  net  charge  q on  each  sphere. 
SET  UP:  The  magnitude  of  the  charge  of  an  electron  is  e - I 60  x 10  l%  C . 

» * 


EXECUTE:  / - 


1.TC 


L.  This  gives  \q\ * yjtx^Fr*  - ^d.T^td.STx  10  NK0.2CXI  mT  - l.43x  10  ” C.  And 


therefore,  th:  total  numbcT  ot  electrons  required  is  n - fy|  c - (1 .43x  10  C t ( 1 .60*  Id  ( electron)  - 890 etectrons. 

EVALUATE:  Mach  sphere  hat  890  excess  eketront  and  each  sphere  has  a net  negative  charge.  The  two  like 
charges  repel. 

IDEVIIFY:  Apply  Coulomb's  law. 

SET  Up:  Consider  the  force  on  one  of  the  spheres 
(a)  EXECim:  q -q,  -q 


> 220  N 


. — --7.42x10  Cl  on  each  I 


F = 1 M-_ tl.  ic  q~r  /—  r— -0.150m 

4.Tf,  f-  4.Tfti*  V'1'45'.1  V 8.988  xlO  N m'C 

(b>  q.  * 4<v 

F - «,  *r)  1 | *'  . - 4|742»  10'  C>-3.7l*IO'  C. 

4.«,  4.Tf.r‘  ” ^441 '4sc,»  • y(1.4.T<, ) ' 

And  Ihcn  q, -4«  - 1.48x10  * C. 

EVALUATE:  The  force  on  one  sphere  is  the  some  magnitude  as  the  force  on  the  other  sphere,  vvheth^  the  sphere 
have  equal  charges  or  not. 

IDENTIFY:  Use  the  maw  of  a sphere  and  the  atomic  maw  of  aluminum  to  find  the  number  of  aluminum  atoms  in 
one  sphere.  Each  atom  has  13  electrons.  Apply  Coulomb's  law  and  calculate  the  magnitude  of  charge  |<?|cn  each 
sphere. 

SET  UP:  iVa  - 6.02  X 10**  atoms  mol . - n[c . where  n[  is  the  number  of  elortrons  removed  from  one  sphere 

ind  added  to  the  other. 

EXECUTE:  (a)  The  total  number  of  electrceis  on  each  sphere  equals  the  number  of  protons. 


13X*V 


0 0250  ka 


1)026982  kg. 'mol 


- 7.25  x 10  electrons 


lb)  For  a force  of  1 .00  x I04  N to  act  between  the  spheres.  F - 1 .00  x 104  N - 


4 .ef  7 


This  gives 


Apply  F - ma . with  F - A . 


|v|“  v4jr«,(l.0M>x  I04  XKO.OSOO  m>*  - S.43  x 10  4 C The  number  of  electrons  rcnxived  fr»>m  one  sphere  and 
added  to  the  other  is  n\  = [^|  c - 5.27  x 10‘''  electrons. 
fc>n^i»#  .7227x10  11 . 

EVALU  ATE:  When  ordinary  objects  receive  a net  charge  the  fractional  change  in  the  total  number  of  electrons  m 
tlie  object  is  very  small . 

Identify: 

SET  Up:  a - 25.0i?  - 245  mV . An  electron  has  charge 

Execute:  F - ma  - (8.55  X 10  * kg  1(245  mV')  - 2.09  N . The  sph^es  have  equal  charges  q.  so  F - A i-  and 

L I - r Gl  - (0. 1 50  m)  j * ■ -r-  - 2.29  x 10  * C . V -!i!  — ! L - | .43  x I01 ' electrons  . The 

M V*  V 8.99x10  N*m  .C  e 1.60xlO  ‘*C 

charges  on  th:  spheres  have  the  same  sign  so  the  electrical  force  is  repulsive  and  the  spheres  accelerate  away  from 

each  ether. 


-1.60x10  1 C. 
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EVALUATE:  As  the  spheres  move  apart  the  repulsive  farce  they  exert  on  each  other  decreases  arc!  their 
acceleration  decreases. 

(a)  IDENTIFY:  The  elcclncal  attraction  of  the  proton  gives  the  electron  an  acceleration  equal  to  the  acceleration 
due  to  gravity  on  earth. 

SET  Up:  Coulomb’s  law  gives  the  force  and  Newton's  second  law  gives  the  acceleration  this  force  produces. 

- 1 M. 


TYU  - 


4.ec  r 


7 


Lrcmtf 


Execute: 


1(9.00.10'  N m',lC;)(l.60-10  " C)’ 
J (9.1 1 » 10  " kg  |{  9.80  mV) 


EVALUATE:  The  electron  needs  to  be  about  5 m from  a single  proton  to  haw  th:  same  acceleration  as  it  receives 
from  the  gravity  of  the  entire  earth. 

<b)  IDENTIFY:  The  force  on  the  electron  comes  from  the  electrical  attraction  of  all  the  protons  in  the  earth. 

SET  UP:  First  find  the  number  n of  protons  in  the  earth,  and  then  find  the  acceleration  of  the  electron  using 
Newton’s  second  law.  as  in  part  la). 


n - w*nv-(5.97  x 1034  kgV(1.67  x 10^  kg)  - 3.57  x IQ51  protons. 


21.11. 


21.12. 


j_kJ 

a-FIm-  ^ R: 

Execute:  a - (9.00  X I0VN  mV^x  l0SiX1.60x  10  0^1(9.11  X 10°'  kgK6J8  X I06  m)2!  - 2.22  X 

104c  m's'.  One  can  ignore  the  gravitation  force  sirxe  it  produces  an  acceleration  of  only  9.8  m's*  and  herxre  is  much 
much  less  than  the  electrical  force. 

Evalu  ate:  With  the  electrical  force,  the  acceleration  of  the  electron  would  nearly  10**  times  greater  than  w ith 
gravity,  which  shows  how  strong  the  electrical  force  is. 

IDENTIFY:  In  a space  satellite,  th:  only  force  accelerating  the  free  protest  is  the  electrical  repulsion  of  the  other 
proton. 

Set  Up:  Coulomb’s  law  gives  the  force,  and  Newton’s  second  law  gives  the  acceleration:  a - F/m  - 

(*Vy». 

Execute:  (a)a-(9.00x  IO'Nm’jC')(l.60-  IO"C)Vl(0.00250m>J<l.67» 10  ” kg))  - 2.21  . 10‘nt‘s1. 

<b)  The  graphs  are  sketched  in  Figure  21.11. 

EVALUATE:  The  electrical  force  of  a single  stationary  proton  gives  the  moving  proton  an  initial  acceleration 
about  20.000  tnws  as  great  as  the  acceleration  caused  by  the  gravity  of  the  entire  earth.  As  the  pretexts  move 
farther  apart,  the  electrical  force  gets  weaker,  so  the  acceleration  decreases.  Since  the  preions  continue  to  repel,  the 
velocity  keeps  increasing,  but  at  a decreasing  rate. 


<v 


Identify:  Apply  Coulomb’s  law. 

SET  Up:  Like  charges  repel  and  unlike  charues  attrart. 


Execute: 


(a)  Ft  L— 1 This  gives  0.200 X 

4»S  ' 


1 <0.550. 10  ‘C)|? 
” <0.30  ml1 

force  I*  attractive  and  q,  <0 . so  qs  = t3.64 . 10  * C . 

(b)  F - 0.200  N.  The  force  « altroclive.  so  i*  downward 

Ev  aluate:  The  forces  between  th:  two  charges  obey  Newion's  third  law. 


li.J 


t3.64  x I0‘*  C . The 
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21.13. 


21.14. 


21.15. 


21.16. 


21.17. 


IDENTIFY:  Apply  Coulomb’s  law.  The  two  forces  on  qk  rmm  ha\*c  equal  magnitude*  and  opposite  directions. 
SET  IJP:  Like  charge*  repel  and  unlike  charges  attract. 


EXECUTE:  The  farce  F.  thit  o’,  exerts  on  q has  macnitodc 


F.  - 1 Jiil  -iiui  b,i 


in  the  *x  direction.  I mu*t  he  u; 


the  -.r  direction,  so  a must  be  positive 


Mil. 


- 0.750  n C . 


EVALUATE:  The  result  for  the  magnitude  of  q doesn't  depend  on  the  magnitude  of  q3 . 

IDENTIFY:  Apply  Coulomb’s  law  and  find  the  vector  sum  of  the  two  forces  on  O. 

SET  Up:  The  force  that  q exerts  on  Q is  repulsive.  as  in  Lxample  21.4,  but  now  the  force  that  q3  exerts  is 
attractive. 

EXECUTE:  The  x-compooents  cancel.  We  only  need  the  »•* components,  and  each  charge  contributes  equally. 

F - F.  - !—  — 1 11,1  — ! — si IUI  - -0.173  N (since  xina  - 0.600).  71>crcforc.  the  total  force  is 

4.TC,  (0.500  m)1 

IF  - 0.35  N.  in  the  - 1 -direction  . 

EVALUATE:  If  qx  is  -2.0  /C  and  qx  is  +2.0 /|C  . then  the  net  force  is  in  tSc  direction. 

IDENTIFY:  Apply  Coulomb's  law  and  find  the  vector  sum  of  the  two  forces  on  g,  . 

SET  Up:  Like  charges  repel  and  unlike  charges  attr&rl.  so  F . and  F.  arc  both  in  the  r*dircction. 

Execute:  F,  =*iS?ii= 6749x10  1 N,  F,  “*^1=  1.124 x W N.  F = F.  ■»  F,  = l.8»  10  ‘ N . 

'u  'll 

F = l.8x  10"*  N and  it  in  the  •i-direclKin. 

E VALLATE:  Comparing  our  results  to  tbasc  in  Lxample  21.3,  we  see  that  F,  mtl  - -F,  m , . as  required  by 
Newton's  third  law. 

IDEVIIFY:  Apply  Coulomb’s  law  and  find  the  vector  sum  of  the  two  forces  on  q3 . 

SET  Up:  F3  m , is  in  the  » r-dircetion. 


Execute: 


19,0x10*  N m!,'C-')(2.0x  10*0(2.0x10*  Q 

J 0.60  m)' 


0.100N.(F,M|)  -0«d 


| - *0.  100  N . Fv„,  is  equal  and  opposite  to 

(Ft,..)(=°17N.  F. -(F^^F, 023 


i..u  (Example 21.4). »(F#-t)  --0.23N  and 

0.17N-0.27N. 


The  magnitude  of  the  total  force  is  F»^  0.23  N )*  + { 0.27  N )*  - 0.35  N.  tan  ‘ - 40° , so  F is 

40°  counterclockwise  from  tb:  axis,  or  130°  counterclockwise  from  the  *x  axis. 

EVALUATE:  Both  forces  on  q arc  repulsive  and  are  directed  away  from  the  charges  that  exert  them. 
IDENTIFY  and  SET  Up:  Apply  Coulomb’s  law  to  calculate  tlie  force  exerted  by  g.  and  g,  on  qr  Add  these 
forces  as  vectors  to  get  the  net  force.  The  target  variable  is  tlie  .v- coordinate  of  g,. 

EXECUTE:  is  in  the  v direction. 

F3  ^ *fe*LjJ7  N,  so  Fit  ^ +3.37  N 
ro 

F.  = Flt  + Fit  and  F.  = -7.00  X 


F>,  ^F4-F2.  --7.00N -3.37  X = -10.37  N 
For  F,.  to  be  negative,  q,  must  be  on  th:  -.t -axis. 

F;  = * l^wj  „ |.J^Mi0.|44msox  = -0.144  m 

EV  ALUATE:  q,  attracts  g in  the  +.v  direction  so  g,  must  attract  g,  in  tlie  — ,t  direction,  and  qt  is  at  negative  x. 
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21.18.  IDENTIFY:  Apply  Coulomb’s  law. 

Set  UP:  Like  charges  repel  and  unlike  charge*  attract.  I.ct  f .t  be  the  force  that  q3  exert*  on  q and  Vrt  t\x  be 
the  force  that  qt  exert*  cei  qx . 

EXECUTE:  The  charge  q,  must  he  to  the  right  of  the  origin;  otherwise  both  q:  and  q.  would  exert  forces  in  th: 
-t.r  direction.  Calculating  the  two  force*: 


__LNJ.  ' ■ ' '■)  * 10  ‘ f'HS-OU « 10  ‘ C' , _ J37S  N ,hi 

4.TC  r.;  (0.200mi* 


* x direction. 


19  - 1 0’  N in’  fC‘ ) <3.00  x 1 0 * C)  (S.flO  - 1 0 * C>  0. 2 1 6 N m' 


in  the  -v  direction. 


We  need  F aF  - F ^ -7.00  N , so  3.375  N - 


D.216  N*m; 


! = -7.00  N . r 


0.216  N 


3.375  Nr  7.00 N 


0.144  m qt 


i*  at  x - 0. 1 44  m . 

EVALUATE:  Flx  - 10.4  N.  Flx  is  larger  thin  Flx,  because  |<y,|  is  larger  than  |<j\|  and  also  because  rxi  is  less  than  rx3 

21.19.  iDEVnFY:  Apply  Coulomb**  law  to  calculate  th:  force  each  of  the  two  charge*  exerts  on  the  third  charge.  Add 
these  force*  as  vector*. 

SET  Up:  The  three  charges  arc  placed  as  shown  in  F urine  2 1 19a. 


fiamm 


Ci.200  rii 


0,-  »3.JOnL 


- *5.XiC 


0,  - -ISOrC 

Figure  21.19a 

EXECUTE:  Like  charges  repel  and  unlike  attract,  so  the  free  body  diagram  for  q.  is  as  shown  in  Figure  21.1 


r\ — 

Ki 


■i) 


fr 


M.I 


i.Tt  r:. 


Figure  21.19b 


F - 


F.  ^ 


* 10'  N mJiC;  >lVJ,,*ll)‘<ll5<l>-|l)><)  - 8.988  * 10  ’ X 
10.400  m)* 


The  resultant  force  i*  RmFx+  F:. 

R,  -0. 

R,  -fi  + Fjs  1.685x10*  N4S.9S8xl0?  N-2.58xl0*‘  N. 

Tlie  resultant  force  has  magnitude  2.58x10  * N and  is  in  the  ^direction. 

EV  AIXATE:  The  force  between  qx  and  qk  is  attractive  and  the  fcecc  between  q3  and  qt  is  rcplusnc. 

2 1.20.  IDF.NT1FY:  Apply  F - k to  each  pair  of  charges.  The  net  force  is  tlie  sector  sum  of  th:  faces  due  to  qx  and  q3. 

SET  Up:  Like  charucs  repel  and  unlike  charue*  attrart.  The  charges  and  their  forces  on  q,  are  shown  in  Figure  2 1 .20 
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Execute:  #; . (199., O’  n-Ac*> = 5.394 x . 0 ’ N . 

(0.200  m)' 

^-tM_lH.99„0-  N m^')(5  WKl0;^0r,l0^C,-2.997,IO-  N. 

r‘  (0.300  m)* 

Ft  -Fit  + Fj,  - -f  Fx-Fs-  2.40  x IO  N.  The  net  farce  has  magnitude  2.40x  10  N and  is  in  the  +x  direction 
EVALUATE:  Each  fcecc  is  attractive,  but  the  forces  are  in  opposite  directions  because  of  the  placement  of  the 
charges.  Since  the  forces  arc  in  omositc  directions,  the  net  force  is  obtained  by  subtracting  tbeir  magnitudes. 


C.2W  n 


n 100* 


Figure  21  JO 

21.21.  IDKV11FY:  Apply  Coulomb’s  law  to  calculate  each  force  on  -Q . 

SET  UP:  Let  F be  the  farce  exerted  by  the  charge  at  > - a and  let  F\  be  the  farce  exerted  by  the  charge  at  y - -it 

Execute:  (a)  The  two  fceces  on  -O  are  shown  in  Figure  21 .2 la.  sin0 J ^ ■ and  r - ( a 1 ■*  a**')1  ; is  the 

distance  between  q and  -O  and  between  -q  and  -O . 

11 . r J. 

<cl  At  x-0*F — . in  the  ♦ v direction. 

y 4.t<  a 

< cl  > Tlie  graph  of  F\  versus  x is  given  in  Figure  21.21b. 

Evaluate:  F - 0 for  all  values  of  A and  F > 0 for  all  a*. 


Figure  2121 

21 .22.  IDENTIFY:  Apply  Coulomb’s  law  to  ealculatc  each  force  on  -Q . 

SET  UP:  Let  F . he  the  force  exerted  by  the  charge  at  v = a and  let  F\  be  the  force  exerted  by  the  charge  ai 


\ - -a . Tbc  distance  between  each  cliargc  q and  ()  is  r - f r*  *•  x'  | . co*0 

(•*+**)  * 

EXECUTE:  (a)  The  two  fceces  on  -O  are  shown  in  Figure  21.22a. 

(b)  When  x > 0 , and  are  negative.  F - Fu  + Fu  = -2yi— — 2^— cos O - — ! ■■  . When 

x<  0 . Fu  and  F%t  arc  positive  and  the  same  cxpressxm  for  Ft  applies.  Ft  - A],  + F*%.  - 0 . 

(c)  At  x = 0 . r4  -0. 

Id)  The  graph  of  /•*  versus  x is  sketched  in  Figure  2 1.22b. 
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FVAl.LATE:  The  direction  of  the  net  farce  430  -{)  is  always  toward  the  origin. 

f. 


(b> 

Fifure  21.22 

21.23.  IDENTIFY:  Apply  Coulomb’s  law  to  calculate  th:  force  exerted  on  one  of  the  charges  by*  each  of  the  other  three 
and  then  add  these  forces  as  vectors. 

<a  1 SEf  UP:  The  charges  arc  placed  as  shown  in  Figure  2 1.23a. 


Figure  21.23a 

Consider  forces  on  q4.  Th:  tree-body  diagram  is  given  in  Figure  21.23b.  Take  the  r -axis  to  he  parallel  to  the 
diagoml  between  a.  and  qi  and  let  +y  be  in  th:  direction  asvav  from  q Tlvn  Fl  is  in  the  +.»’•  direct ioo. 


Execute:  Ft  - /*,  - 


r,  - 


-Li 

4.Tc,  i: 


Figure  21.23b 

lb>  R.-‘Fll*Fl.  + Ft.  =0 

. % 


4.7«,  L 4,t<(  21:  K.TfX 

% 

9 (I  •-  2 Jit.  Same  for  all  four  charge).. 


4.™,.  IV 

Fu  ^ -r  un4S° V2 
Ft)  = ^costS’ =-*Ftlj2 
F,'-+F,  'In  45=  - *FJ-J1 
F,,  = .f1co'45°  = +FJ-J1 
F*.-0.K  =F. 


-(I  r ijl) 


'«  ,L 


21-*  ampler  21 


21.25. 


21.26. 


21.27. 


EVALUATE:  In  general  the  resultant  forec  an  one  of*  the  ehury.es  is  directed  away  from  the  cyipasitc  corner.  The 
forces  an:  all  repulsive  since  the  charges  are  all  the  same.  By  symmetry  the  net  force  on  ooc  charge  can  have  no 
component  perpendicular  to  the  diagonal  of  the  squire. 


21.24.  iDEvnn  : Apply  F 


find  the  fcecc  of  each  charue  on  rq  . Tlx  net  force  is  the  vector  sum  of  the 


individual  forces. 

SET  UP:  Let  q{  - *2.50  ><C  arxl  q3  - -3.50  fA2 . The  charge  rq  must  he  K)  the  left  of  qx  or  to  the  right  of  q.  in 
order  for  the  two  forces  to  be  m opposite  directions.  But  for  the  two  forces  to  have  equal  magnitudes,  * q must  he 
closer  to  the  charge  qt . since  this  charge  has  th:  smaller  magnitude.  Th^eforc.  the  two  forces  can  combine  to  give 
rcro  net  force  only  in  the  regicei  to  the  left  of  qt . Let  be  a distance  d to  the  left  of  qx . so  it  is  a distance 
d -f  0.600  m from  q . 


EXKC  l TE:  I\  - F j gives 


lllkJ d - ± Ipj t d * 0.600  mi  ^ ±M)  S452jtd * 0.600  ml . d must 

d‘  (df  0.600mr 

I0.K452K0.6O0  m) 

be  positive,  so  d - 3.27  in  . The  rxt  force  would  he  /en>  when  rq  is  at  .r  - -3.27  m . 

1-0.8452 

EVALUATE:  When  +q  is  at  x = -3.27  m . ft  is  in  the  -t  direction  and  t2  is  in  the  ♦,y  direction. 

IDENTIFY:  F - |^|/:  . Since  the  field  is  uniform,  the  force  and  acceleration  are  constant  aixl  we  can  use  a constant 

acceleration  equation  to  fmd  the  final  speed. 

SET  UP:  A proton  has  charge  and  miss  1 .67  x 10  ' kg  . 

Execute:  (a)  F -<1.60*  10  " CM2.75-I0‘  N,C)  = 4.40x10  •*  N 


F 4-40x10  “N 
b»  a - — ; 


1.63.10"  m s' 


m 1.67x10  - kg 

Id  v4  - vu.  *c i,i  gives  i = (2.63x10"  ml>l  .00 < 10  * s)  = 2.63.10'  ms 

Ev ALt.'ATE:  The  acceleration  is  very  large  and  the  gravity  force  on  the  proton  can  be  ignored 

U 

IDDOIFY:  For  a point  charge,  F.  -k  i-i 

SET  UP:  /:  is  toward  a negative  charge  and  away  from  a positive  charge. 

EXECUTE:  (a)  The  field  is  toward  the  negative  charge  so  is  downward 

£ - (8.99x  10v  X m-\CJ )?’?°xl-  C - 432  MC. 

(0.250  m>‘ 

99x10*  N •m*.'CiX3.00x  10  ' C) 


>» 


m 


i 50  m 


12  .0  N'  C 

EVALUATE:  At  different  points  the  electric  field  has  different  directions,  but  it  is  always  directed  toward  the 
negative  point  charge. 

iDENnVY:  The  acceleration  that  stops  the  charge  is  pnxluced  by  the  forec  that  the  electric  field  exerts  on  it. 
Since  the  held  and  th:  accelcratKm  arc  constant,  we  can  use  the  standard  kinematics  formulas  to  find  acceleration 
ind  time. 

(a)  SET  Up:  First  use  kinematics  to  find  the  proton's  acceleration,  v,  - 0 when  it  stops.  Then  find  the  electric 

field  neciird  to  cause  this  acceleration  using  the  fact  that  F — qF. 

Execute:  ^ =fj,  *■  2a.(»-xI> . 0-(4.50  - 10*  m's):  • 2a(0.032<>  inland  a-  3.16  x I01*  m'%:.  Now  find  the 
etKtrlc  field,  with  if  - r.  rE  - mu  and  £ - ma/t  - ( 1 .67  x 10  kgK3.l6  x 10“  1 .60  x 10  " C)  - 5.30  x 

1 0*  N.'C.  to  th:  left. 

(b)  SET  Up:  Kinematics  gives  v • r0  ♦ at.  and  v - 0 when  the  electron  stops.  so  / - t 'Ja. 

EXECUTE:  t - vja  - (4.50  x 1(1''  tn*V(3.l6  x 10"  nvs')  - 1 .42  x 10‘s-  14.2  ns 

(c>  SET  l*P:  In  part  <a)  we  saw  that  the  clcctnc  field  is  proportional  to  m.  so  we  can  use  the  ratio  of  the  electric 
fields.  E^iEp  -m+i inland  f, 

EXECUTE:  £.-[(9.11  . 10  kg  W 1.67-  10"  kg)l<3.30x  10‘N.C)-  I.KOx  I0‘  NC.  to  the  right 

EVALUATE:  Even  a modest  clcctnc  field,  such  as  the  ones  in  this  situation,  can  produce  enormous  accelerations 
for  electrons  and  protons. 
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21.2X.  iDivnn:  Use  constant  acceleration  equations  to  calculate  the  upward  acceleration  i?  and  thru  apply  F - qE  to 
calculate  the  electric  field. 

SET  UP:  Let  *y  be  upward.  An  electrat  hat  charge  q - -c . 

E3CECUTE:  (a)  vu  = 0 and  a,  = a . so  y - >*«  = v0,/  * ±af  gives  y - y0  = . Then 

«4-5P"»  . - 1.00»  ltf!  m/s1 . £ - — = ***'* 1 * 10  " ^gX'-OO  ‘ |0'*  m'i‘ ) . s.ftfl 

r (3.00 x 10  s)"  f q q l.60x!0"C  7 

The  force  is  up.  so  the  electric  field  must  he  downward  since  the  electron  has  negative  charge. 

<b>  The  clcctnefs  acceleration  is  . so  gravity  must  he  negligibly  small  compared  to  the  electrical  force. 

EVALUATE:  Since  the  ctartric  field  is  unifeem.  the  force  it  exerts  is  constant  and  the  electron  moves  with 
constant  acceleration. 

21.29.  <a)  IDENTIFY*:  Eq.  (2 1 .4)  relates  the  electric  field,  charge  of  the  particle,  and  the  force  on  the  particle.  If  the 

particle  is  to  remain  stationary  the  net  force  on  it  must  tv  zero. 

SET  UP:  The  frec-body  diagram  for  the  purhclc  is  skctctvd  in  Figure  21 .29.  H>c  weight  is  mg.  downward.  For 
the  net  force  to  be  zero  the  force  exerted  by  tfv  eleetnc  field  must  be  upward.  The  electric  field  is  downward.  Since 
the  elcctrx  field  and  the  electric  force  arc  in  opposite  directions  the  charge  of  the  particle  « negative. 


- M*: 


Execute: 


Figure  21.29 

^Mfl4S|.0l^^|,2|9x,0,Cnd  ||9 

L 650  NiC 


|b>  SET  UP:  The  electrical  force  has  magnitude  F(  - - cE.  The  weight  of  a proton  is  H’  - mg.  FA  — w so 

cE  - »ig 

Execute:  e-S.-W'0'*  W*-*' NC 
c 1.602x10"'  C 

This  is  a very  small  electric  field. 

EV  ALUATE:  In  both  cases  \q\E  - mg  and  E - <«i  ^|)g.  In  part  f b»  the  m/|g|  ratio  is  much  smaller  (-  10  1 > than 
in  part  (a)  (—  10  " ) so  E is  mu:h  smaller  in  <b).  For  subatomic  particles  gravity  can  usually  be  ignored  computed  to 
clcctrx  foe ces. 


21.30.  IDENTIFY:  Apply  E 


k!. 

4.74.  r 


***  r' 

SET  Up:  Tbc  iron  nucVms  has  charge  t26r.  A proton  has  charge  -te  . 

Execute:  <■)  J-ifl*.1 "g-MH.uP  hc. 

4,t<,  (6.00x10  m)1 

lb,  £ - — — <'  <><1,10  * * -5.15x10"  NC. 

' 4r<,  (5.29*  10  m>* 


E VALLATE:  These  clcctnc  fields  arc  very  large.  In  each  case  the  charge  is  positive  and  the  electric  fields  are 
directed  away  from  the  nucleus  or  proton. 

21.31.  IDENTIFY:  For  a point  charge.  E - xM.  The  net  field  is  the  sector  sum  of  the  fields  pnxlured  by  each  charge.  A 


charge  q in  an  clcctnc  tick!  E experiences  a force  F - qE 

SET  UP:  The  electric  field  of  a negative  charge  is  directed  tow  ard  the  charge.  Point  A is  0.100  m from  q:  and 
0. 150  m from  qx.  Point  B is  0.100  m from  ft  and  0.350  m from  q:. 

EXECUTE:  <ta)  The  electric  fields  due  to  the  charges  at  point  A arc  shown  in  Figure  21.31a. 

£,  ^ i M = (8.99  x I0‘  N 2.50x1  O'  NC 

rJi  (0.150  m)' 

£.  , *i2*Lfg.99*  10'  Nm!.'f;':i:  ~ ' ( - 1.124*  I0‘  N.C 

(0.100  mr 
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Since  the  two  fields  arc  in  opposite  dircctxms.  we  siditract  their  magnitudes  to  find  the  net  field. 

£ = £,-£,=  8.74  x 10*  NC,  to  the  right. 

(bl  The  electric  fields  at  points  8 arc  shown  in  Figure  2 1 .3  lb. 

£ -*kL|S.99.IO'  N ■m!Ci)'l~'  ' -5.619xl0‘  SC 

(0.10)  ml' 

i J*L  (S.99  - 10'  N m'.C-  - 9. 1 7 x I0’  WC 

■ r;,  10.350  m)- 

Since  the  fields  are  in  the  same  direction,  we  add  their  mignrtudcs  to  find  the  net  field  £=£,♦£*  = 6.54 x 10*  NC. 
to  the  right. 

(cl  At  A.  E = 8.74  x 10*  N.C . to  th:  right  The  forec  on  a proton  placed  at  this  point  would  be 
£ = $£*<1.60x10  M 0(8.74x10*  N,C>  = 1.40x10  11  N.  to  the  right. 

EVALUATE:  A proton  has  positive  charge  so  the  force  that  an  clcctnc  field  exerts  on  it  is  in  the  same  direction  as 
the  field. 

4 0 150  m M — 0.100  in — ► 4-0.100  na — M 0250  in > 


Figure  21  J1 


H 


21.32.  IDENTIFY:  The  electric  force  is  F - qE  . 

SET  UP:  The  gravity  face  (weight)  has  rmgmtode  w - mg  and  is  downward. 

Execute:  (a)  To  balance  the  weight  the  elo^ric  force  must  be  upward  Th:  electric  field  is  downward, 
so  for  an  upward  force  the  charge  q of  the  person  must  be  negative,  w = £ gives  mg  - L|£  and 


Xf  N C 


lb)  F-k - (8.99 »I0“  N-m'iC*) ' ? ( 1 . - 1 .4  w 10’  N 
r;  (IMm) 


The  repulsive  fcece  is  immense  and  this  is  not  a 


feasible  means  of  flight. 

EVALUATE:  The  net  charge  of  charged  objects  rs  typically  much  less  thin  1 C. 

21.33.  IDENTIFY:  Eq.  (21.3)  gives  the  force  on  the  particle  in  terms  of  its  charge  and  the  electric  field  between  the 

plates.  The  force  is  constant  and  pnxluccs  a constant  federation.  The  motion  is  similar  to  projectile  motion;  use 
constant  acceleration  equations  for  the  horizontal  and  vertical  components  of  the  motion. 

<a)  Set  lip:  The  motion  is  sketched  in  Figure  2 1 .33a. 


21»c 


» ...  - ■» 

030  cm!  r 

a 

Y 

1 • ’ r 

- - 

1 _ 

■ 

for  an  electron  a - -c. 


Figure  2133a 

£ = qE  and  q negative  gives  that  £ and  E are  in  opposite  directions,  so  £ is  upward.  The  free- body  diagram 
for  the  electron  is  given  in  Figure  21.33b. 


Execute: 
cE  - mu 


Figure  2133b 

Solve  the  kinematics  to  find  the  acceleration  of  the  electron:  Just  misses  upper  piitc  says  that  .r  - .r..  - 2.00  cm 


when  r - »•  - +<*.500  cm 


v ■ component 

v*  * r0  * 1.60x10*  m's.  = O.  v - r,  - 0.0200  m.  r = 7 
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x - a.  0*0200 


- 1.25x10  * s 


1.60x10  m < 


In  this  sime  time  / the  electron  travels  O.COSO  m vertically: 
r component 

t = 1.25x10  *s.  v4%  = 0,  y - y#  = -tO.ODSO  m.a,  =? 

2Q^>b  2<0.0050m)  ,64o,|qU  nrt1 
/'  (1.25-10**) 

(This  analysis  is  very  similar  to  that  used  in  Chapter  3 for  projectile  motion,  except  that  here  the  acceleration  iv 
upward  rather  than  downward.  I This  acceleration  must  he  prodixed  by  the  eVxtric* field  force:  cE  - ma 


(9.109x10  “ k«H6.40xlOl1  ntfs1) 


•M  N C 


1 .602x10  ’ C 


Note  that  the  aeceV^ation  produced  by  the  clectnc  field  is  modi  larger  than  £.  the  acceleration  produced  by 
gravity,  so  it  is  perfectly  ok  to  neglect  the  gravity  force  on  the  ekrtrcei  in  this  problem. 

- 10  ' ' C»lhl  N C>  -3.49 . IQ11’  mV 
mp  1.673  xKT7  kg 

Tins  is  much  less  than  the  acceleration  of  the  electron  in  pari  (a)  so  the  vertical  detlection  is  less  and  the 
proton  wceTt  hit  the  plates.  The  proton  has  the  same  initial  speed,  so  the  proton  takes  the  same  time 
t - 1.25  x 10  * s to  travel  hori/ccitally  the  length  of  the  plates.  The  force  on  the  proton  is  downward  (in  the 
same  direction  as  E,  siixe  q is  positive).  the  acceleration  is  downward  and  a.  - -3.49x  ID1"  mV. 

X->«- >V  + r«/-T<-^9xltfom,4J)(l^5xl0^  s)*« -2.73x10*  m.  The  displacement  is  2.73x10"  m. 
downward. 

<c)  EVALUATE:  The  displacements  are  in  opposite  directions  because  the  electron  has  negative  charge  and  the 
proton  has  positive  charge.  TTic  electron  and  proton  have  the  same  magnitude  of  charge,  so  the  force  the  electric 
field  exerts  has  the  sanv  mignitodc  fee  each  charge.  But  the  proton  has  a mass  larger  by  a factor  of  IS36  so  its 
acceleration  and  its  vertical  displaccircnt  are  smaller  by  this  factor. 

21.34.  IDENTIFY:  Apply  Lq.<2 1 .7)  to  calculate  the  electric  field  due  to  each  charge  and  add  the  two  field  vectors  to  find 
the  resultant  field 

Set  Up:  For  <y, . r = j . For  q2 , r * cos Oi  + wn0y  . where  0 is  the  angle  between  /: . and  the  *.Y*axis. 

Execute:  <„>  * — *).»*"*  W/C)j. 

1 43V;  1 0114(H)  m )' 

|E.|--iL—  J.90-10'  ‘ SlM1.0gQxl0*  WC.TheMgle of  g,,  from 0. 

1 1 (0.0300  ml  -ft  0.0400  m>* 


(-2.813x10*  N.C)/\ 


l.OSOx  10*  NC  . Tlie  angle  of  E . measured  from  the 


v*a.\is,  is  180  -tan 


i 4.00  cm 


- 126.9°  Thus 


.1  .....  ■ ■ * l • av>.  < * .... » 

\ 3.1")  cm/ 

Et  *{l  ,080k  10*  NCMi" cos  1 26.9’ t /*in 1 26.9')  6.485 < I01  tVQi  * (8  64- 10*  N.C  I j 

<h»  The  rc'ullam  field  it.  F.  * £,  ^ (-6.4S5  x 101  NC)i  *■  (-2.8 13x10*  N.C  ♦ 8.64  - 10*  N/C) ) . 

&,  + £,-  (-6.485  x 10*  N.C)/  -(1.95-  10*  NC )j  . 

EVALUATE:  El  is  toward  q{  since  qt  is  negative.  E.  is  directed  away  from  qi%  since  dispositive. 

21.35.  IDENTIFY:  Apply  constant  acceleration  equation*  to  the  motion  of  the  electron. 

SET  UP:  Let  -y  he  to  th:  right  and  let  *ybc  downw  ard.  The  electron  moves  2.00  cm  to  the  nght  and  0.50  cm 
downward. 

Execute:  Use  the  hon;ontal  motion  to  find  the  time  w hen  the  electron  emerges  from  the  field. 
x - Ao  - 0.0200  m.  a . - 0.  v0t  - 1 .60 x 10*  m/s . .y  - a,,  - iVtt  -t  La/‘  gives  i - l.25x  10  * s . Since  u.  - 0 . 


v.®  1.60x10*  m/s  v - y,  ^ 0.0050  m,  i;,  = 0./ - l.25»  10  ' x.  y - v|i!_l_Ll/  gives  i.  = 8.00x  10*  m/s  . 
Then  r = ^Tvf  = 1.79x10*  m/s. 

EVALUATE:  v,  - v4>  -t  at  gives  a,  - 6.4  x 10"  ms*' . The  electric  field  between  the  plates  is 

. 3*4  Vm  . This  b «,  a v«v  brve  field. 


60xn  < 
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21.36. 


21.37. 


21.38. 


21.39. 


IDENTIFY:  Use  the  components  of  E from  Example  2 1.6  to  calculate  the  magnitude  and  direction  of  E . Use 
E = qE  to  cakulatc  the  force  on  the  -2.5  nC  charge  and  use  Newton's  third  law  for  the  force  on  the 
-8.0  nC  charge. 

SET  UP:  From  Example  21.6.  E - (-1 1 N.C)i+(14  N C>/  . 


Execute: 


TF.:  (a) £ - JE;  + E;  - </(-!!  N.’C)* t(UNC)*'  - 1 7.8  N.'C . 


tat; 


l[i-tan  ‘(M/ll)  = 51.8®.  so 


0 - 1 28°  counterclockwise  from  th:  « .Y-axis. 

(b)(i)  EaEqs o F = (17.8  N/C* 2.5 x 10  * C)^  4.45 x 10  'Wat  52°  below  the  ♦ .Y-axis. 

(ii>  4.45  x 10  * N at  128°  counterclockwise  from  the  *A-axis. 

EVALUATE:  The  forces  in  pin  (b)  arc  repulsive  so  they  arc  along  the  line  connecting  the  two  charges  and  in  each 
case  the  force  is  directed  aw  ay  from  the  charge  that  exerts  it. 

IDENTIFY  and  SET  Up:  The  electric  force  is  given  by  Eq.  (21.3).  The  gravitational  force  is  h'#  - mtg.  Compare 
these  forces. 

(a) E\ECirre:  m;  -(9.109x10  ; kgX9.80  m»’)  = 8.93x10  “ N 

In  Examples  21.7  and  21.8,  E - 1.00x10*  NC.  so  IN:  dcclric  forec  on  the  ekclton  lias  magnitude 
Ft  =|9|£  = c-£  = (I^02mI0  " CHI 00x10*  N.'C)  - 1.602 x 10  " N. 
n^SOdx.O-N  _S57)|0,' 

Fe  1.602x10' ‘ n 

Tlie  gravitational  force  is  much  smaller  than  the  electric  force  and  can  be  neglected. 

(b>  mg  - 19|£ 

m - |y|£7g  - (l.6°2x  10  " CHI. 00 >10*  N'CV(9.80nvV')- 1.61x10  " kg 

— - l6Vl|i  18  - l.79xltf':  m~  I.79xl0"in#. 
m.  9.109x10  "kg 

EVALUATE:  m is  much  larger  than  in  . We  found  in  pari  (a)  that  if  m - mi  th:  grav  itational  force  is  much  smaller 
than  the  electric  force.  |t/|is  the  same  so  the  clcctnc  force  remains  the  same.  To  get  w large  enough  to  equal 
the  mass  must  be  made  much  larger. 

(c>  The  electrx  field  in  the  region  betw  een  the  plitcs  is  uniform  so  the  force  it  exerts  cci  the  chirgcd  object  is 
independent  of  when:  between  the  plates  the  object  is  placed. 

IDENTIFY:  Apply  constant  acceleration  equations  to  the  motion  of  the  proton.  E - F iyA  . 

SET  Up:  A protest  lias  trass  mp  =1.67  x 10  * kg  and  chirge  -tc.  Let  *.y  be  in  th:  direction  of  motion  of  the  prcrton. 
EXECUTE:  (a)  »*i%  - 0 . a . .y  - x,  - v0tl  + gives  J - a;,  • — iij  * r . Solving  for  E gives 

m,  2 2 m, 

Cs2,0.0.60mX..67_x^kg)a|4g 
<1.60x10  M CKl  . 50x10  %y 
cE 

(b)  v4  = vUl  + aj  = — r = 2.13x10  m/s. 

Evaluate:  The  electric  field  is  directed  from  the  positively  charged  plate  toward  the  negatively  charged  plate 
and  the  force  on  the  protect  is  also  in  this  direction. 

IDENTIFY:  Find  the  angle  0 that  r rrakes  with  the  *x-axis  Then  r = (cos0)f  + (sin0)  j . 

SETUP:  tan  0-yfx 

Execute:  (a)  tan  | 1 ! = raJ  . r = - j . 


12  * , . s/2;  J5 : 

lb)  tan  — rad.r 1+ / 

1 12  4 2 2 


Ic)  tan 


:.6 


= 1.97  rad  = I 12.9°  . r = -0.39r  ♦ 0.92 j (Second  quadrant!. 


.+1.10 

EVAl.UATE:  In  each  ease  we  can  verifv  that  r « a unit  vector,  because  r 
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21.40.  IDEVIIFY:  The  net  farce  on  each  charge  must  be  zero. 

SET  UP:  The  force  diagram  for  the  -6.50  /JC  charge  is  given  in  Figure  21.40.  F,  is  the  force  exerted  on  the 
charge  by  the  uniform  electric  field.  The  charge  is  negative  and  the  Ftekl  is  to  the  right*  so  the  force  exerted  by  the 
field  is  to  the  left.  /y  is  the  farce  exerted  by  the  other  point  charge.  The  two  charges  have  opposite  signs,  so  the 
force  is  attractive.  Take  the  ix  axis  to  he  to  the  right,  as  shown  in  tlx  figure. 

Execute:  (a)  F ^|o|£  = (630x10**  0(1.85x10*  N.C)-  1.20x10*  N 


F - A 


1™L(8.99 


. Id'  N m'iC‘1 


(6.50x10  * C 1(8.75  x 10  * C| 


18x10*  N 


(0.0250  ml* 

£/>0  given  0 and  r=  F.-F,  =382  N . 

(b>  Now  Ff  is  to  tlie  left,  since  like  charges  repel 

£/■  -0  given  T-F'-Ft  =0  and  T = Fs  + F%  - 102x10  N . 

EVALUATE:  The  tension  is  much  larger  when  both  chirges  have  the  sanx  sign,  so  the  farce  one  chirge  exerts  on 
tlie  other  is  repulsive. 

>:  k 


Figure  21.40 

21.41.  IDENTIFY  and  Set  Up:  Use  E in  Eq.  (21 .31  to  calculate  F . F - md  to  calculates,  and  a constant  arcckration 
equation  to  cakulate  the  final  velocity.  Let  *x  be  cast. 

(a)  Extent:  F\  = |9|£  = (1. 602 x 101*  CM  1.50  NC)-  2.403 x 10 *'*  N 
a,  = F.  'm- (2.403x10 '*  N>t9.l09x  10  " kg)-  *2.6JSxl0"  m'n* 
v..  = *4.50 x 101  m'n.  a . = .2.63SxtO"  mi',  x-.v6  = 0.375  m v.  =? 

= v,f.  -f  2<i4( x - *, ) give*  v.  = 6.33  x 10'  m'n 
EV  ALUATE:  E is  wcsl  and  q is  ncgitivc.  so  F is  cast  and  the  electron  speeds  up. 

<b>  Execute:  - - [y|/T  - -(1.602 xIO'1*  CXI. SO  NC)  - - 2.403*  10 N 

o t - f,  i'bi  - (—2.403 x 10"**  NM 1-673x10*  kg)  = -l.436xl0*  m’iJ 
v*  » ♦ 1.90 x 104m*s.  a,  = - 1 .436  x 10*  m/sJ , x-x^  = 0.375  m.  v.  = ? 

= \’it  + 2o4(r  - x, ) gives  v4  = 1 .59  x 104  m * 

EVALUATE:  q > 0 so  F is  west  and  the  prcrton  slows  dow  n. 

21.42.  IDENTIFY:  Coulomb’s  law  for  a single  point-charge  gives  the  electric  field. 

(a)  SEr  UP:  Coulomb’s  law  for  a point  charge  is  E = (1/4  xg±)qfrm. 

EXECUTE:  £ - (9.00  x 10aN- m!.CJK1.60  x 10  " CWI.S0  x 10  11  m)*’  - 6.40  x 10*'‘  NC 
<h)  Taking  the  ratx»  of  the  electric  fields  gives 

£.  £,,.„  - (6.40  « I0;‘  NC  1(1.00  x 10*  N.C)  - 6.40  x 101'  times  as  strong 
EVALUATE:  The  electric  field  within  tfo:  nucleus  is  huge  conjured  to  typical  laboratory  fields! 

21.43.  IDENTIFY:  Calculate  tfo:  electric  field  due  lo  each  charge  and  find  the  \«tor  sum  of  these  two  fields. 

SET  Up:  At  points  on  the  .Y-axis  oily  the  i component  of  each  field  is  nonzero.  The  clrclric  field  of  a point 
charge  points  away  from  the  charge  if  it  is  positive  and  tow  ard  it  if  it  is  negative. 

(a)  I lalfway  between  the  two  charges.  / - 0. 

I * H I ^ ax 


EXECUTE: 

(h>  For  I x I < a . E 


l or  x > a . E 


lor  x<- 


I 

4«, 

-1 


9 


«)  (--<1 
9 


4.r,, .(.,-- 

. , ■ . -9 

I a t i>*  (d  - x>*  J 4.t«,  (x'-oV  ' 

J 


4-T4,  Ufl  + « la-, l 


-9 


* t- 


4«,(.V-0*I 


The  graph  of  E versus  x is  sketched  in  Figure  21.43. 
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EVALUATE:  The  magnitude  of  the  field  approaches  infinity  at  the  location  of  one  of  the  point  charges. 


’ 1 .44.  IDENTIFY : I or  a point  Chirac 


a point  dm.  E - X M . 


Figure  21.43 

foe  the  net  elcctnc  field  to  be  zero.  E and  E must  bive  equal 


magnitudes  and  opposite  directions. 

SET  UP:  Let  - +0.500  nC  and  = +8.00  nC.  E is  toward  a negative  charge  and  away  from  a positive  charge 
EXECUTE:  The  two  charges  and  the  directions  of  their  electric  fields  in  three  regions  are  shown  in  figure  2 1.44. 
Only  in  region  II  axe  the  two  electric  folds  in  opposite  directions.  Consider  a point  a distance  a*  from  qt  so  a 

distaixc  1 .20  m - x from  . £,  - E:  give*  A !■"'  M-  - A 'X — I6x*  = (1 .20  m - x)’  . 4r  - t(l  .20  m - x) 

x‘  (1.20— x)* 

and  x - 0.24  m is  tfo  positive  solutxm  The  electric  field  is  zero  at  a point  between  tfo  two  charges.  0.24  m from 
the  0.500  nC  charge  and  0.96  m from  the  8.00  nC  charge. 

EVALUATE:  There  IS  only  cmc  paint  along  the  line  connecting  the  two  charges  when:  the  net  electric  field  is  zero. 
This  noant  is  closer  to  the  charse  that  has  tfo  smaller  magnitude. 


Vi 


Figure  21.44 

2 1.45.  IDENTIFY:  Eq.(2 1 .7)  gives  the  clectnc  field  of  each  point  charge.  Use  the  principle  of  superposition  and  add  the 

clectrx  field  vector*.  In  part  (b)  use  Eq.(2l.3)  to  calculate  the  force,  using  tfo  electric  field  calculated  in  part  (a). 
<a  i SET  UK  The  placemen!  of  charges  is  sketched  in  Figure  2 1 .45a. 


- + 240  nC  ^ - -3.00  •( 

J.  -h~ 

I i.  i«r. 


OaOQirfOMm  0*1  i«i 

Figure  21.45a 

The  electric  field  of  a point  charge  is  directed  away  from  tfo  point  charge  if  tfo  charge  is  positive  and  toward  tfo 

point  charge  if  the  charge  is  negative.  The  nugmtixlc  of  tfo  elcctnc  field  is  E — O.  where  r is  the  distance 

4m,  r 

between  the  point  where  the  fold  is  calculated  and  the  point  charge. 

(it  At  paint  a tfo  fields  E of  if  and  E . of  a are  directed  as  shown  in  Figure  21.45b. 


Figure  21.45b 
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Execute:  e — — kjL  <8.988  *10' N-  mVc’  > 2110  ‘ 10  * - 449.4  NC 
r-  (0.200  m>* 

E,  - _LhJ  - <8988.  .O’  N . m'/C1  )5,0*IQVf  - 124.8  N.T 

• 4.7c,.  r*  (0.6(H)  m)’ 

£u  = 449.4  N.C£U  =0 

£>,  = 1 24.8  N’C.  £%f  =0 

£ = £lt  + £,t  - +449.4  NC  + 124.8  NC  = +574.2  UfC 

£,=£u+£,,=0 

The  resultant  Tick!  at  point  a has  migmtixlc  574  NT?  and  is  in  the  ♦ .Y-directicm. 

(ii>  SET  Ur  At  point  b the  fields  £,  of</,  and  £\  of</:.  arc  directed  as  shown  in  Figure  2 1.45c. 


Figure  21. 45c 


Execute:  £,  - _!_h]-<S9SK-lo‘  N -n'.'C1)-'"- : 12.5N.C 
' 4^,  ,;  <l.20m) 

£>  -LhJ  - ( 8988 . 1 0-  N m-.C!  0(1  * 10  ’ C - 2809  NIC 
• 4«„  r-  ' '( 0.400  m)‘ 

£„  = 12.5  NT.  £(>  =0 

£\_  = -2S0.9  NT.  E>'  -0 

E.  - £.  + £,.  = r 12.5  NT -2809  NT  = -268.4  NT 
£,=£,.+^.=0 

The  resultant  field  at  point  b has  magnitude  268  NC  and  is  in  the  -*•  direction. 

< iii)  SET  Up:  At  pcxnt  c the  fields  E{  of ^ and  £..  of  q:  are  directed  as  shown  in  Figure  21.4$d. 


Figure  21.45d 


EXKCT  TE:  £.  - 


4.ec 


= (S.9SK  x 10'  N mJ/C*‘  _ 449.4  NC 


(0.200  mV 


L 


M - (8.9KSx  I0V  N m^C1 - 44.9  N.C 


(1.00  m)‘ 


£ = -449.4  N.C.  £ ( 


£>.  - -44.9  N.C,  £iy  ^0 

£.  = £„  + Eik  = -449.4  NC  + 44.9  N.C  = -404.5  NC 
£,  = £„  + £>_  =0 


The  resultant  field  at  point  b his  magnitude  41X1  NC  and  is  in  the  -x  -direction. 

<bl  SET  UP:  Since  we  have  calculated  £ at  each  point  the  simplest  way  to  get  the  force  is  to  use  £ - -cE. 
Execute:  <i)  F - <1.602*10'*  TX574 2 \.T1  -9.20.10  " N.  -.wlirecliiin 


<ii)  £-(l.(«02xl0  '•  C)(268.4  NT)  = 4.30- 10  i:N.  -n-direction 


(Iii)  F - <1.602-10  CX404.5  NT)  = 6.48-10  " N.  -fidin-clum 

E VAIL' ATE:  The  general  rule  for  electric  field  direction  is  away  fn>m  positive  charge  and  toward  negative 
charge.  Whether  the  field  is  in  the  +.r«  or  - x -direction  depends  on  where  the  fWld  point  is  relative  to  the  charge 
that  produces  the  field  In  part  (a)  the  field  magnitudes  were  added  because  the  fields  were  in  the  some  direction 
and  in  <b  l and  (c)  the  field  magnitudes  were  subtracted  because  the  two  fields  were  in  opposite  directions.  In 
part  (b)  we  could  have  used  Coulomb's  law  to  find  the  forces  cm  the  cVxtron  due  to  the  two  charges  and  then 
added  these  fcecc  vectors,  but  using  the  resultant  electric  field  is  much  easier. 
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21.46. 


21.47. 


21.4*. 


IDENTIFY:  Apply  I:q.(21.7(  to  calculate  the  field  due  to  each  charge  and  then  require  that  th:  vector  sum  of  the 
two  fields  to  be  zero. 

SET  l.’P:  The  field  of  each  charge  is  directed  tow  ard  th:  charge  if  it  k negative  and  away  from  the  charge  if  it  is 
positive  . 

Execute:  The  point  when:  the  two  fields  cancel  each  other  will  have  to  he  closer  to  the  negative  charge, 
because  it  is  smaller.  Also,  it  can't  he  betw  een  the  two  charges,  since  the  two  fields  would  thm  act  in  the  same 
direction.  We  could  use  Coulomb’s  hw  to  calculate  the  actual  values,  but  a sampler  way  is  to  note  that  the  8.00  nC 
charge  is  twice  as  large  as  the  -4.<X)  nC  chirgc.  The  zero  point  will  therefore  hive  to  be  a factce  of  farther 
from  the  8.00  n(’  charge  for  the  two  fields  to  have  equal  magnitude,  (’ailing  x the  distance  from  the  4.CO  nC 
charge:  1 .20  + x - Jlx  and  r - 2.90  m . 

EVALUATE:  This  point  is  4. 10  m from  the  8.00  n(’  charge.  The  two  fields  ai  this  point  are  in  opposite  directions 
and  have  equal  nugnitodcs. 

IDENTIFY : £ - X M . He  net  field  is  the  v ector  sum  of  the  fields  due  to  each  charge 

SET  l.’P:  The  electric  fiekl  of  a negative  charge  is  directed  toward  the  charge.  Label  the  charges  qi%  q » and  qu  as 
shown  in  Figure  21.47a.  This  figure  also  shows  additional  distances  and  angles.  The  clcctnc  fields  at  point  Pun 
shown  in  Figure  2 1.47b.  This  figure  also  show*  the  .tv  coordinates  we  will  use  and  the  v and  v components  of  the 
fields  £,  . Es  and  Et . 

EXECUTE:  £.-£,-  (H.99xlOv  N m*AT  K -lAl  * Jl  ( - 4.49x  I0‘  NC 
‘ (0.100  m) 

£,  = (8.99x1  O'  N • )2Xlx|0'r  = 4.99x10*  NC 

(0.0600  mf 

£,  * Ei%  +Eit  + Eu  =0  arel  £,  = £,.  + Eit  + £».  = E:  + 2£,cas53.l°  = l.CMx  10T  N.C 
£ = 1 .04  x 10'  NC , toward  the  -2.00  //C  charge. 

Evalu  ate:  The  x>  component*  of  the  fields  of  all  three  charges  are  in  the  sanv  direction. 


(a) 

Figure  2147 

IDENTIFY:  A positive  and  negative  charge,  of  equal  magnitude  q.  are  on  the  x*a.\is.  a distance  a from  the  origin. 
Apply  Eq.(2 1 .7)  to  calculate  the  farld  due  to  each  charge  and  then  calculate  the  vector  sum  of  these  fields. 

SET  IIP:  E due  lo  a point  charge  is  directed  away  from  the  charge  if  it  is  positive  and  directed  toward  the  charge 

if  it  is  negative. 

Execute:  (ta)  Halfway  between  the  charges,  both  fields  are  in  the  —.v direction  and  £ ! — in  the 

4tc,  a‘ 

-x -direction . 

(b)  £ 1— ' - — for  x |<  a . Et ! — — + — I for  x > a . 

4w  I (a  + xY  ia-xY  ) 4,tc.I  (a  ♦ xY  (a  - xY 


£ - 


4xtU<i  + xY  (a-xY 


for  x<-a  . E is  graphed  in  Figure  21.48. 
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21.49. 


EVALUATE:  At  points  cm  the  x axis  and  between  the  charges,  /:.  is  in  the  -x-dirccticai  because  the  fields  front 
both  charges  arc  in  this  direction.  For  x<  -it  and  x > +a  . the  fields  fn>m  the  two  charges  arc  in  opposite 
directions  and  the  field  from  the  closer  charge  is  larger  in  mignitudc. 


I NOTIFY:  Hie  electric  field  of  a positive  charge  is  directed  radially  outward  from  the  charge  and  has  magnitude 

E - ■ M The  resultant  electric  ftckl  is  the  vector  wm  of  the  fields  of  the  individual  charges. 

4*;  r' 

SET  l.*P:  The  placement  of  the  charges  is  shown  in  Figure  2 1 .49a. 


F igure  21.49a 

EXECUTE:  (u)  The  directions  of  the  two  fields  are  shown  in  Figure  2 1 .49b. 

' bl*iths--O.IfO  m. 


E = E,-E  -0.f  =0.f  = 0 


Figure  21.49t» 

(b>  The  two  fields  have  the  directions  shown  xn  Figure  21 .4**r 


Ei 


E - E.+  E,.  in  the  + x direction 


Figure  21.49c 

£ — !iJ - (8.9S8*  10*  N • m*.'C  * - 2396*  NX 

4x<i,  r;  (0.150  m)' 

E,  = —h\  ^ <8.988 x 10*  N )MIU*1U  ( - 266.3  N fC 
* rj  <0.450  m)* 

E - E + £.  - 2396.S  N.C  266.3  NC  - 2660  NC;  E - +2260  NT,  E - 0 
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(c>  The  two  fields  have  the  directions  shown  in  figure  21 .49d. 
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r; 

£ - (8.9*8x10"  N • m<~ 1 ' ' 1 ' _ }j71  NlC 

(0.400  ml' 

£.  = -LfeJ 

r; 

£%  - (8.988  x 10*  N mJiCJ)6)o^0m)|  -215.7  N.C 

£,.  =0.  £„=-£,  =-337.1  N.'C 

£.,  = »£;  co*0  = -*<215.7  N/C80.600)  - » 129.4  N.C 

£j,  = -£.  «n0  = -4215.7  NCK0.8001  = -172.6  N.'C 


tin# 


l)  400  m 
0.5«i  m 
0.300  in 
0.500  m 


- 0.61X1 


£,  = £„  -tElt  =-337.1  NC  -1716  NC  --5 10  N.'C 
E - JE'  ♦ A * -^(129  N.C)*  ^ (-510  NC)J  - 526  N.C 
£ and  its  compcvicnts  are  shown  in  Figure  2l.49e. 


E, 

taner  - — 

£. 
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lan  a -3.953 

+129  NC 

n - 284C,  counter: luckwisc  from  r taxis 


Kijurt  21.49  c 

<d>  The  two  fields  have  Ihc  directions  shown  m Figure  21 .491*. 
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Figure  2I49f 
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The  components  of  the  two  fields  an:  shown  in  Figure  21.49g, 


■ £i  - 


4tc,  r* 

£,  = (8.988 x 10'  N m:^) 
r ^/r,  =8^2.8NX 


h.00x|0vC 
<0.250  mf 


Elt  - -£,  c o*0.  Elt  - costf 

£.=£„  + £>,  =0 

£lt  - +£(  sin £j  r * +£j sin0 

£.  -£„  + £Jf  = 2£ly  - 2£,  sin  0 - 2(  862.8  N.CMO.KOO)  - 1380  N7C 
£ = 1380  NC.  in  the  ♦ > -direction. 

EVALUATE:  Point  a is  symnxlrically  plarcd  between  id: mural  charges,  so  symmetry  tells  us  the  electric  field 
must  he  zero.  Point  fr  is  to  the  right  of  both  charges  and  both  electric  fields  are  in  the  * *•  directum  and  the  resultant 
field  is  in  this  direction  At  paint  c both  fields  have  a downward  component  and  the  field  of  ql  has  a component  »o 
tlie  right,  so  the  net  E is  in  the  4th  quadrant.  At  point  d both  fx'liis  have  an  upward  component  but  by  symmetry 
they  have  equal  an:!  opposite  i-compoixnts  so  the  net  field  is  in  the  m -direction.  We  can  use  this  sort  of  reasoning 
to  deduce  the  general  direction  of  the  net  field  before  doing  any  calculations. 

IDEVITFY:  Apply  EqX2 1 .7)  to  calculate  the  field  due  to  each  charge  and  thm  calculate  the  vector  sum  of  those  fields 
SET  Up:  The  fields  dia:  to  <jt  and  to  q2  are  sketched  in  Figure  21 .50. 

Execute:  £ -- 


,600x10  •Q(_#>._|SccfNC, 


E = 


(4.00x10  ' Cl 


4.t<,  <0.6  ml 

1 


lO  WXIIi  - 


(OMOW  U(2l.6r  ♦ 28.8 /)N/C  . 


4**,  \(L00m)'  (1.00  m>* 

£ = £ ♦ £;  = (-12S.4  NC)/  ♦ <28.8  S.C)  j £ = J<I28.4  NC)*  *<2S.8  NCf  =131.6  N.*C 


[)  - tan 


i(  2*. 


-12.6°  above  the  -a  axis  and  therefore  1%.2  ccuntcrckickwise  from  the  • a avis. 


1128.4 

Evaluate:  £ is  directed  toward  r/.  because  o.  rs  negative  and  £ . is  directed  aawaav  from  q . because  a-,  is  positiv  e. 


IDENTIFY:  The  resultant  electric  field  is  the  vector  sum  of  the  held  £(  ofq  and  /. , . . . 
SET  Up:  The  placement  of  the  charges  is  shown  in  Figure  21.51a. 
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Figure  21.51a 
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5.00*10  c 


EXECX'TE:  (a)  The  directions  of  the  two  fields  arc  shown  in  figure  21.51b. 

<,  I 

j <0l50m>- 

1 £,  = £,  ^2397  NC 

Figure  21.51b 

£u  = -2397  NC  £h  = 0 Es  = -2397  N.C.  £,,  = 0 
£,  = £it  4 Eit  * 2(-2397  N/C)  - -4790  NC 
£,=£l>+£,,=0 

The  resultant  electric  held  at  point  a in  the  sketch  has  magnitude  4790  N7C  and  is  in  the  -.y -direction, 
(bl  Tlie  directions  of  the  two  field*  are  shown  in  Figure  2 1 .5 1 c. 
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Figure  21.51c 

5.00x10  C 


’397  N C 


£ Li2J  = (8.988x10-  K-«*/C*) ! 

4*4 /f  (0.150  mY 

£\  - J_liJ  - (8.988-  lO  N • mI/Cl >6l0l‘l<  'C  - 266  N.C 

’ 4b%  r?  (0.450  mf 

£„  = -f2397  NC,  £lf  = 0 £Jt  = -266  NC,  £*,  =•  0 
£,  ^ Elt  4 £,.  - 42397  NC  - 266  N.C  ^ 42 1 30  NVC 

£ =£u  4£%>  =0 

The  resultant  electric  held  at  point  b in  the  sketch  ha*  magnitude  2130  NC  and  is  in  the  4 1 direction 
(c>  The  placement  of  the  charges  is  shown  in  Figure  21 .5  Id. 
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Tlie  direction*  of  the  two  field*  are  shown  in  Figure  2 1.5 1 e. 
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Figure  21.51c 

Elt  - 0,  £h  = -£,  = -337.0  NC 

£%,  - -£:sin0-  -(215.7  NCK0.600)  = -1294  NVC 

Eit  = 4£>co*tf  = 4(215.7  NCK0.800)  = r 172.6  NC 
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E,  = Elt  +Eit  =-129  N.C 

£,  = Eh  + £lr  » -337.0  N.  C + 1 72.6  NX?  = - 164  NC 
£ = ^£j  ♦£?  =209  NC 

The  field  E and  its  components  arc  dxmii  xn  Future  21.51  F. 


tana  - 


tail  <£ 


-164  N C 


tl.27l 


-129  N C 

r/  = 232°,  counterclockwise  from  + .Y-axis 


Figure  21.51C 

(dl  Tlxe  placement  of  the  charges  is  shown  xn  Figure  21 .51g. 
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Figure  21. 51  }t 

Tlxe  directions  of  the  two  fields  are  shown  in  Figure  21.511: 


f,-£. 


izt,  7 


t~  - (8.988  x 10'  N m'iC‘1 


£>862.8  N.C 
t.  - I'  - 862.8  NC 


6.00*10*  C 
(0250  ml" 


rijjrirc  2 1.5 1 h 

E„  B-E,{.mO,Ei.  = -E,tmO 

E.  = £„  t E.k  = -2| 862.8  NC)(0600)  = -1040  NC 


£>£„+£,,=  0 
E = 1OI0  N.C.  in  the  - « -direction. 

EVALUATE:  11>c  electric  fickl  produced  by  a charge  is  toward  a negatiw  charge  and  away  from  a positive  cturge. 
As  in  Exercise  2 1 .45.  we  can  use  this  rule  to  deduce  the  direction  of  the  resultant  field  at  each  point  before  doing 
any  calculations. 

IDENTITY:  For  a long  straight  wire.  A' 

SET  Up:  -449-10’  N-  m*.C*  - 

2.™, 

_ 1.5x10  " C/m 

Execute:  r 1.08  m 

2. t«,  1 2.50  N.C> 

EVALUATE:  Fee  a point  cltarge.  A’  is  proportional  to  Ur*.  For  a long  straight  line  of  charge.  A*  is  propoclkmil  to  1 fr. 
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21.55. 


IDEVI1FY:  Apply  i:«s.<21.  ll)|  far  the  finite  line  of  charge  ami  A' — for  the  infinite  line  of  charge. 

*** 

SET  UP:  For  the  infinite  line  of  positive  charge.  A*  is  in  the  * .r  direction 

EXKUTB:  (a)  For  a line  of  charge  of  length  2c/  centered  at  the  origin  and  lying  along  the  v*axis.  th:  electnc  field 

A 


is  given  bv  Lii.t2l.IO>:  t - 


2«, 


(b)  For  an  infinite  line  of  charuc:  E = 1 Graphs  of  electric  field  versus  position  fee  both  distributions  of 


charge  are  shown  in  Figure  21.53. 

EVALUATE:  For  small  x.  close  to  the  line  of  charge,  the  field  due  to  the  finite  line  approaches  that  of  the  infinite 
line  of  charge.  Asa*  increases,  tie  field  due  to  the  infinite  line  falls  off  more  slowly  and  is  larger  than  the  fiekl  of 
the  finite  line. 


(a)  IDENTIFY:  The  field  is  caused  by  a finite  uniformly  charged  wire. 
SET  Up:  The  field  for  such  a wire  a distaixc  v from  its  midpoant  is 

£ _ i * ,(  i | i 

■>  I ' 1 4.T<,  jx'Jfxlay  ♦ I 
(18.0x10*  N m»/C-')(17Sxl0-  CJn) 


EXECUTE: 


- 3.03  x 10  N.'C.  directed  upward. 


(0.0600m)  fl  I + 1 


4.25  cm 

(b>  IDENTIFY:  The  field  is  caused  by  a uniformly  charged  circular  wire. 
SET  Up:  The  field  for  such  a wire  a distanre  v from  its  midpoent  is  E - 


4t«,(xW)  ' 


We  fast  find  the  radius 


of  the  circle  using  2nr  - A 

Execute:  Solving  for  r give*  r - 1 2x  - (8.50  cm)f2x  - 1 .353  cm 
The  charge  on  this  circle  » Q - if  - (175  nCm)(0.0K50  ml  - 14.88  nC 
The  electric  field  is 

(9.M x 10' N in!C' )(l4.88 x 10  vCm)( 011600m  I 


& 


4^.pT7P 


[ (O.OWlOmK  » (0.0135?m)‘  * * 


E - 345  x I04  Mt,  upward. 

EVALUATE:  In  both  eases,  the  fields  arc  of  the  same  onto  of  magnitude,  but  the  values  are  different  because  the 
charge  has  been  bent  into  dificrcnt  shapes. 

IDENTIFY':  For  a ring  of  charge,  the  electric  fiekl  is  given  by  I:q.  (21.8).  E » qE  In  part  (b>  use  NewTons  third 
law*  to  relate  the  force  on  the  ring  to  the  force  exerted  by  the  ring. 

SETUP:  O - 0.125x10  ' C%  J ^ 0.025  m and  **  0.400  m. 

Execute:  <a>  E = — / = 17.0  NCH  . 

4.T«,  <X^  »fl‘> 

<1»>  = -^  = "(-2-50x10 ‘C)(7.0 N.C)i=(1.75-10  ' N)f 

EVALUATE:  C (urges  q and  Q have  opposite  sign,  so  the  force  that  q exerts  on  the  ring  is  attractive. 
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21.56.  IDENTIFY:  We  must  use  Ihc  appropriate  elec  trie  field  fccmula:  a uniform  disk  in  (ak  a ring  in  <bl  became  all  the 
charge  it  along  the  nm  of  the  disk,  and  a point-charge  in  (c). 

<a)  Strr  UP:  First  find  the  surface  charge  density  (QfA).  then  use  tlic  formula  Uk  the  field  due  to  a disk  of  charue. 


r 

c.-ih- 


2si  MRfxy 


Execute:  The  surface  charge  density  is  <r  - - — - — !— L.  - 1.324  * 10  5 C m'. 

A .er*  *<0.0125  m» 


The  elcctnc  field  is 


L .-24  I- 


324  x 10  5 Cm4 


JiRtxr  + 1 2(8«xlO^CVN  m ) n5cmV 


2.1X1  cm 


K,  -1.14x10'  NC,  tow  ard  the  center  of  the  disk. 


(b>  SET  UP:  For  a ring  of  charue.  the  field  is  E — ~ ■ 

**%{**♦<!*) 

EXECUTE:  Substituting  into  the  electric  field  formula  gives 

_ I Q.x  <9.00xl(f  N rn'iC'  1(6.50 -10"  CK0.0200  m > 


Wx’-.*’) 


I (0.0200  m)'  r (0.0125  m)1 


E - 8.92  - 1 0‘  NC,  toward  Ihc  center  of  ihc  dirk 


<c>  SET  UP:  For  a point  charge.  £ -(I  '4t«,  ) q/r' . 

Execute:  E - <9.00  * 10°  N m:.C;K6.50  x 10  v 0(0.0200  m>:  - 1.46  . I o’  NC 

<d  > EVALUATE:  With  ihe  ring,  more  of  Ihc  charge  is  farther  from  /‘than  with  Ihc  dirk.  Alto  with  Ihc  ring  Ihc 
component  of  the  electric  field  parallel  to  the  plane  of  the  ring  is  greater  than  with  the  disk,  and  this  component 
cancels.  With  the  point  charge  in  (c).  all  the  field  vectors  add  with  no  cancellation,  and  all  th:  charge  is  closer  to 
poant  P than  in  the  other  two  eases. 

21.57.  IDENTIFY:  By  superposition  wc  can  add  the  elcctnc  fickls  from  two  parallel  sheets  of  charge. 

SET  Up:  The  field  due  to  each  shed  of  charge  has  magnitude  *7/ 2c,  and  is  directed  toward  a sheet  of  negative 
charge  and  away  from  a shed  of  positive  charge. 

<a)  The  two  fields  are  in  opposite  dirccticois  and  E - 0. 

<b>  The  two  fields  arc  in  opposite  directions  and  E - 0. 

T (7 

<c>  The  fields  of  both  sheds  arc  downward  and  /:  - 2 . directed  downward. 

2c. 

EVALUATE:  The  held  pnxluced  by  an  infinite  sheet  of  charge  is  uniform,  independent  of  distance  from  th:  sheet. 

21.58.  IDENTIFY  and  SET  UP:  The  electric  field  produced  by  an  infinite  sheet  of  charge  with  charge  density  <r  has 

magnitude  . The  field  is  directed  toward  the  sheet  if  it  has  negative  charge  and  rs  away  from  the  sheet  if  it 

has  positive  charge. 

EXECUTE:  (si)  The  field  lines  are  sketched  in  Figure  2 1 .S8a. 

<b)  The  field  lines  arc  sketched  in  Figure  21.58b. 

EVALUATE:  The  spacing  of  the  field  lines  indicates  the  strength  of  the  field.  In  part  (a>  th:  tw  o fields  add 
between  the  sheets  and  subtract  in  the  rcgicois  to  the  left  of  .4  and  to  the  right  of®.  In  part  (b)  the  opposite  is  true. 


(a)  0» 

Figure  21.58 
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21.59.  IDEOTIFY:  The  f»>rcc  on  the  particle  at  any  point  is  always  tangent  to  the  electric  field  line  at  that  point. 

SET  IJP:  The  instantaneous  velocity  determines  the  path  of  the  particle. 

EXECUTE:  In  Fig2l.29i  the  field  lines  an:  straight  lines  so  the  force  is  always  in  a straight  line  and  velocity  and 
acceleration  are  always  in  the  same  direction.  The  particle  moves  in  a straight  line  along  a field  line,  w ith 
increasing  speed.  In  Fig.2 1.29b  the  Held  liixs  are  curved.  As  the  particle  moves  its  velocity  and  acceleration  are 
not  in  the  &imc  direction  and  the  trajectory  does  not  follow'  a field  line. 

EVALUATE:  In  two- dimensional  motion  the  velocity  is  ahvays  tangent  to  th:  trajectory  hut  the  velexity  is  not 
always  m the  direction  of  the  net  force  on  the  (Mrticle. 

21.60.  1 NOTIFY:  The  fteki  appears  like  that  of  a point  charge  a long  way  from  the  disk  and  an  infinite  sheet  close  to  the 
disk's  center.  The  field  is  symmetrical  on  the  nght  and  left. 

SET  IP:  For  a positive  point  charge.  E is  proportional  to  li’r  and  is  directed  racially  outward.  For  an  infinite 
sheet  of  positive  charge,  th:  field  is  uniform  and  is  directed  away  from  the  sheet. 

Execute:  The  fxhl  is  sketched  in  Figure  2 1 .60. 

EVALUATE:  Near  th:  desk  th:  field  lines  are  [urallcl  and  equally  spaced,  which  corresponds  to  a uniform  field. 
Far  from  the  disk  the  field  lines  are  getting  farther  apart,  corresponding  to  th:  Mr"  dependence  for  a point  charge. 


Figure  21.60 

21.61.  IDEOT1FY:  Use  symmetry  to  deduce  the  nature  of  the  field  liixs. 

fa)  SET  Up:  The  only  distinguishable  direction  is  toward  th:  line  or  away  from  the  line,  so  the  electric  field  lines 
arc  pcrpcixhcular  to  the  line  of  charge,  as  shown  in  Figure  21.61a. 

% 

Figure  21.61a 

<b>  EXECUTE  and  EVALUATE:  The  magnitude  of  the  clectnc  field  is  inversely  proportional  to  the  spacing  of  the 
field  lines.  Consider  a circle  of  radius  r with  the  line  of  charge  passing  through  the  center,  as  shown  in 
Figure  21.61b. 


Figure  21.61b 


The  spacing  of  field  lines  is  th:  same  all  around  the  circle,  and  in  the  direction  perpendicular  to  the  plane  of  the 
circle  the  lines  an:  equally  spaced,  so  E depends  only  on  the  distance  r.  The  number  of  field  lines  passing  out 
through  the  circle  is  independent  of  the  radius  of  th:  circle,  so  th:  sparing  of  the  field  lines  is  proportxinal  to  the 
rccipnxal  of  the  circumference  2rr  of  the  circle  I (core  E is  proportional  lo  l»'r. 

21.62.  IDENTIFY:  Field  lines  are  directed  away  from  a positive  charge  and  toward  a negative  charge.  The  density  of 
field  lines  is  proportional  to  the  magnitude  of  the  electric  field. 

SET  UP:  The  field  lines  represent  the  resultant  field  at  each  point,  the  net  field  that  is  the  vector  sum  of  the  fields 
due  to  each  of  the  three  charges. 

EXECUTE:  (a)  Since  field  lines  pass  from  positive  charges  and  toward  negative  charges,  we  can  deduce  that  the 
top  charge  is  positive,  middle  ss  negative,  and  bottom  is  positive. 

<b)  The  clcctrx  field  is  the  simllcst  on  the  horizontal  line  through  the  middle  charge,  at  two  positions  on  either 
side  where  the  field  liixs  are  least  dense.  Here  the  r-conpoocnts  of  the  field  are  caixdlcd  between  the  positive 
charges  and  th:  negative  charge  cancels  the  .y -component  of  the  field  from  the  two  positive  charges. 

EVALUATE:  Far  from  all  three  charges  the  field  is  the  same  as  the  field  of  a point  charge  equal  to  the  algebraic 
sum  of  the  three  charges. 
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(a)  IDENTIFY  and  Si T IIP:  Use  Eq.<2 1 . 14)  to  relate  the  dipole  moment  to  the  charge  magnitude  and  the 

reparation  d of  the  two  charge*.  The  direction  is  from  the  negative  charge  tow  ard  the  positive  charge. 
EXECUTE:  p-qd  - (4.5  X 10  * C)(3. 1 X 10  ‘ m)  - 1 .4x  10  ‘Cm;  The  direction  of  p is  from  qt  toward  q3. 

(b)  IDENTIFY  and  SET  UK  Use  liq.  (2 1 . 15|  to  relate  the  magnitudes  of  the  torque  and  field. 

EXECUTE:  r --  wA'sin^.  with  d as  defined  in  Figure  21.63,  so 


£ - 


P*  'n^ 

7.2.10"  N m 
II  4.10  1 C m 16'.' 


- K60  NC 


EVALUATE:  Uq.|21.15)  gives  the  torqu;  about  an  axis  through  the  center  of  the  dipole.  But  the  forces  on  the  two 
charges  form  a couple  l Problem  1 1.53)  ami  the  torqtic  is  the  same  for  any  axis  parallel  to  this  one.  The  force  on 
each  charge  is  |gj£  and  the  maximum  nxmrcnt  arm  for  an  axis  at  the  center  is  J>’2.  so  the  maximum  torqia;  is 

2([v|£M^  2)  - 1.2  x 10  “ N m The  torque  for  the  oocntation  of  the  dipole  in  the  problem  is  fcss  than  this 
maximum. 

(a)  IDENTIFY:  The  potential  energy  is  given  by  Eq.(2 1.17). 

SET  UP:  U{f)  --p  E - -pE  cosd.  where  ^ is  the  angle  between  p and  E. 

Execute:  parallel:  « - 0 and  Lr(0°|  = -pF. 
perpendicular  #-90°  and  U(90:)-0 

A6’  -Lr(9CT)-(.'‘(0*)=  /i£-(5.0x  10  **  C m|{l.6xl(/  NC)  = 8.0xl0*  J. 

2AU  2(8.0x10  54  J) 

|b>i*r«AL'  soJV  — 0.39  K 

3A  3(1.381x10  J/Kj 

EVALUATE:  Only  at  very  low  temperatures  are  the  dipoles  of  the  molecules  aligned  by  a field  of  this  strength.  A 
much  larger  held  would  be  required  fee  alignment  at  room  temperature. 
iDEYniY:  Follow  the  procedure  specified  «n  part  (a)  of  the  pcetolcm. 

SETUP:  Use  that  y»d  . 

2yd 


EXECUTE:  iai 


JFW'TFW"  ~(7^W-lhB8WW 


2yd 


. Since  yJ  » d‘  •’  4 . /:  a — - — . 


(b)  For  points  on  the  -r-axis , E is  xn  the  ♦v  direction  and  E.  is  in  the  -r  direction  The  fickl  pomt  is  closer 


-q , so  the  nci  fickl  is  upward.  A similar  derivation  gives  E * 


A*  has  the  same  magnitude  and  direction 


at  points  where  v » d as  where  v « -d  . 

EV  ALUATE:  E falls  otTlike  I//*1  for  a dipole,  which  is  faster  than  the  l/rJ  for  a point  charge.  The  total  charge  of 
the  dipole  is  zero. 

IDENTIFY:  Calculate  th:  electric  field  due  to  the  dipok:  and  then  apply  /•*  = « jE  . 

S»:r  UP:  From  Example  21.15.  £.,  -Ii)  - ^ ''  . 

EXECUTE:  ^ C =4.1  lx  10*  NIC . Tlw  cleclne  force  u F = qE  = 

2«.<J.0“  10  m) 

(1.60. 10  CM4.I  I » 10*  NC)  - 6.58.  lO"  N and  i*  toward  the  wale*  molecule  (negative j-dirrction). 

Ev ALUATE:  F a is  in  the  direction  of  p . so  is  in  the  *.y  direction.  The  charge  q of  the  ion  rs  negative,  so  F is 
directed  opposite  to  E and  is  therefore  in  the  -x  direction. 

IDENTIFY:  Like  charges  repel  and  unlike  charges  attract.  The  force  increases  as  the  distance  between  the  charges 
decreases. 

SET  Up:  The  forces  on  th:  dipole  that  is  between  the  slanted  dipoles  are  sketched  in  F'igure  2 1.67a. 


21.67. 
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21.6S. 


21.69. 


21.70. 


EXECUTE:  The  fceces  arc  attractive  because  the  ♦ and  - charge*  of  the  two  dipole*  arc  closest.  The  force*  are 
toward  the  slanted  dipoles  so  have  a net  upward  compocxnt.  In  Figure  21 .67b.  adjacent  dipoles  charge*  of  opposite 
sign  are  closer  than  charges  of  the  same  sign  so  the  attractive  forces  are  larger  than  the  repulsive  fcece*  and  the 
dipole*  attract. 

EVALUATE:  Each  dipole  has  zero  net  charge,  but  because  of  the  charge  separation  there  is  a non-zero  force 

between  dipoles. 

r*  Fy 


Nj 


W <b> 

Kijcurc  21.67 

iDEVnn  : Find  the  vector  want  of  the  fields  due  to  each  charge  in  the  dipole. 

SET  UP:  A po«nt  ixt  the  r«axis  with  ccxmiinatc  x is  a distance  r - yjl  d i 2>*  t-  x * from  each  charge. 

1 y . y | 1 

Axt,,"  4^V(d/2|'+*'J' 

where  rf  is  tlx  distance  between  tlx  two  charges.  The  .v  compoocnt*  of  the  forces  due  to  tlx  two  chirgcs 

ire  equal  and  oppositely  directed  and  so  cancel  each  other.  The  two  fickis  have  equal  r -component*. 

2n  I 1 \ . . df 2 

so£  - 2/T — isin/7.  where  0 is  the  angle  below  the  r-axis  for  both  fields,  sin 0 - - ■ 

’ 4r^.\  (rf/2)  +*  J JZlyT? 


Execute:  (a)  The  micnatudc  of  the  field  the  due  to  each  charge  is  £ - 


ind  £. 


'-<<  .!  1 j d!2  qJ 

4.TC,  it  TdJW  . V llJ/’l'f  V 4.T-.«^2)-  . .l)'; 


Tlx  field  rs  the  -i*  direction 


(b>  At  large  v,  x“  » id fly  . so  the  expression  in  rxirt  (a)  reduce*  to  the  approximation  £ * — — — . 

* 4.TC  v 


EVALUATE:  Example  21.15  shows  that  at  point*  on  the  *.v  axis  far  from  the  dipole.  Es  ± * 


qd 

i*ty 


I be 


expression  in  part  (bl  for  points  on  the  v axis  ha*  a similar  form. 

IDENTIFY:  Tlie  torque  on  a dipole  in  an  electric  field  is  given  by  t « pxE  . 

SET  l.7P:  r - pE sm$$ . where  d the  angle  between  the  direction  of  p and  the  direction  of  /:  . 

Execute:  (a)  The  torque  is  zero  when  p is  aligned  eitlxr  in  the  same  direction  as  £ or  in  the  opptxsite 
direction,  as  shown  in  Figure  21 .69a. 

lb)  The  stable  orientation  is  when  p is  aligned  in  the  wmr  direction  as  /:  . In  this  ease  a small  rotation  of  the 
dipole  result*  in  a torque  directed  so  as  to  bring  p hack  into  alignment  with  £ When  p is  directed  opposite  to 
£ . a simli  displacement  results  in  a torque  that  takes  p farther  from  alignment  with  £ . 

(cl  Field  lines  fb r in  the  stable  oricntaticvi  are  sketched  in  Figure  21.69b. 

EVALUATE:  The  field  of  the  ditxile  is  directed  from  the  ♦ charge  toward  the  - charge. 


©«— B ©— ►©  E 


(4) 


ri™i*  21.69 


iDEYnrv:  The  plates  produre  a uniform  electric  field  m the  space  between  them.  This  field  exerts  torque  on  a 
dipole  and  gives  it  potential  energy. 

SET  l.'P:  The  electric  field  between  the  plate*  is  given  by  £ - <7 and  the  dipole  moment  isp  - td.  The 
potential  energy  of  the  dipole  due  to  the  field  is  V --p  • £ - -pA’eos^  . and  the  torque  the  field  exerts  on  it  is  r- 
pE  sin  $ 
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EXECUTE:  (a)  The  potential  energy.  U - -p  E - . is  a maximum  when  180°.  The  field  between 

the  plates  it  £ - <t  i e,,  giving 

L'm  - <1.60  » 10  l',CX2’0*  10‘mM12S  - 10  *Ctafy(8.8S  x 10  13  C*/N  • m3>  - 4.97  x 10  “j 
The  orientation  is  parallel  to  the  electric  fVld  (perpendicular  to  the  plates)  with  the  positive  charge  ot* the  dipole 
toward  the  positive  plate. 

<b>  The  torque,  r - pli  sin  ft  is  a maximum  when  90:  or  270°.  In  this  case 

~ PE  ~ 

I_-(l.«l-lo”  c)(  220x10*  m)(!2Sxl0  * GWJ/jOSxlO  13  C,/Nm3) 

*—*■  4.97x10  " N m 

The  dipole  is  ooented  perpendicular  to  the  electric  field  (parallel  to  the  plates). 

(c>f-0. 

EVALUATE:  When  th:  potential  energy  rs  a maximum,  tlie  torque  is  zero.  In  both  cases,  the  net  force  on  the 
dipole  is  zero  because  the  forces  on  the  charges  arc  equal  but  opposite  (which  would  not  he  true  in  a nonumform 
clectrk  field). 

21.71.  (a)  Idk.ntikv:  Use  Coulomb's  law  to  calculate  each  force  and  then  add  them  as  vectors  to  obtain  the  net  force. 

Torque  is  force  times  moment  arm. 

SET  UP:  The  two  forces  on  each  charge  in  the  dipole  arc  shown  in  Figure  21 .71a. 


*in0  = 1.50/2.00  so  0 = 48.6* 

Opposite  charges  attract  and  like  charges  repel. 


Figure  21.71u 

r-  r-  .Iflfl  . (5.00x10'*  CXlO.OxlO’4  C)  _ 

Execute:  r.-AiiZJ-x 0.124x10' N 

r <0.0200  mr 

fj w = -Fi  sin  0 = -842.6  N 

F:%  - -842.6  N so  F0  = Fu  ♦ F^t  = - 16K0  N tin  the  direction  from  the  i-S.CO-^C  charge  toward  the  -5.00«/jC 
charge). 

EVALUATE:  The  .y -components  cancel  and  the  r-compoocnts  add. 

<b)SET  UP:  Refer  to  Figure  21.71b. 


The  r-corapooents  hav  e zero  moment  arm  and 
therefore  zero  torque. 

Aj.  and  Fit  both  produce  clockwise  torques. 


Figure  21.71b 

Execute:  Flg  *Ft  cos#  - 743.1  x 
r = 2(  Flt  M0.01 50  m)  = 22.3  X • m,  clockwise 

EVALUATE:  The  electric  field  produced  by  the  -10.00/iC  charge  is  not  uniform  so  Lq.  <21  1 5)  d«s  nat  apply 


IIS 
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21.72. 


21.73. 


Identify:  Apply 


F-tM 


for  each  pair  of  charges  and  find  the  vector  sum  of  the  fixcc*  that  <j.  and  q exert  on  a. 


SET  Up:  Like  charge*  repel  and  unlike  charge*  attrart.  The  three  charges  and  the  force*  on  9;  arc  *ho\vn  in 
Figure  21. 72. 


* 

'il 


IKUOm 


f 


Figure  21.72 

EXECUTE:  f;  ‘ C****?' - ..OT^x.Q-  C 

ff-  36.9°.  F„  -+f;cca0  = 8.63x10 ’ N.  Ftl  = +F,tin0  = 6.48x  10"*  N. 

F,-M N.m»C)<200',°'  Q-..10XI0-*  C. 

’ )■:  (0.0300  ml- 

F!t  -o.  Fj.  --F;  = -1.20x10 ' N.  F,*FU+FU  =8.63x10-*  N. 

F = F,  *F,,  =6.48x10*  X-f (-1.20x10 ' X)  = -5.52x10  ' N. 


lb)  F - Jf‘  * F;  - 1 .02  x 1 0 ' X un^ 


-0.640.  - 32.6° . below  the  *J  axu 


EVAIX'ATE:  The  individual  force*  on  qi  arc  confuted  from  Coulomb'*  law  and  then  added  a*  vector*.  u*ing 
component* 

(a)  IDENTIFY:  U*c  Coulomb's  law  to  calculate  the  force  exerted  by  each  O on  q and  add  these  forces  a*  vector* 
the  rc*ultint  force.  Make  the  approximation  x » a and  compare  the  net  face  to  /*'  - -Lv  to  deduce  X and 

/ = <I/2.tW^. 

UP:  The  placement  of  the  charge*  i*  shown  in  Figure  21.73a. 


Q>  0 


Q >0 


EXECUTE:  Find  th:  net  force  cm  q 

F*  Fi 


Figure  21.73a 

F =•  F. ‘ -f  Jv  and  Fu  = +Fr  R = -F\ 


Figure  21.73b 


r 1 r 1 IQ 

4.Tt, 

‘ 4**  (*-*)' 

F-F-r-1 2. 

1 _ 1 

, 1 2 M 

(«+*»  (•'-*) 

Ajum 


i / %-a 

Hi+il  -fi-- 

a 
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21.74. 


21.75. 


Since  x « it  we  can  use  th:  binomial  expansion  far  (I  - xta)  ' and  (I  + x'a)  ' and  keep  only  the  first  two  terms: 
(1  + z)“  » 1 -t  nz.  For  (I  - xfa)  \ z - -x'a  and  n - -2  so  (I  - xJaY*  * 1 + lx' a.  For  (1  + xfa)~l,  z = +xfa  and 


- -2  so  <1  + x ol  * * 1 - 2xi’o.  Then  F * 


l G 


x.  For  simple  harmonic 


4*V  \ a / j V tTe> 

motKHi  F - -£y  and  the  frequency  ofoscillatxm  is  f - (1‘  lx)>!k  ' m.  The  net  force  here  is  of  this  form,  w ith 


IQ 


k - aO  >; Thus  / - — 

/na 

(b)  The  farces  and  their  components  are  shown  in  Figure  21. 73c. 


i 


The  .vcoir^ioocnts  of  the  forces  exerted  by  the  two  charges  cancel,  th:  y components  add.  and  the  net  force  is  in 
the  ♦ indirection  when  v > 0 and  in  the  -y-direclnm  w hen  v 0.  The  charge  moves  away  from  the  ongin  on  the 
p-axis  and  never  returns. 

EVALUATE:  The  directions  of  the  forces  and  of  the  net  force  depend  on  where  q is  located  relative  to  the  other 
two  charges.  In  |\irt  (a),  F-0atr=0  and  when  the  charge  <j  is  displarcd  in  the  4a>  or  X'directxm  the  net  force  is 
a restoring  force,  directed  to  return  tf  to  .r  - 0.  The  chirge  oscillates  tuck  and  forth,  similar  to  a miss  on  a spring. 
IDENTIFY:  Apply  JV  - 0 and  YF  - 0 to  one  of  the  spheres 

SET  Up:  The  free  body  diagram  is  skcichcd  in  Figure  21 .74.  Ft  is  the  repulsive  Coulomb  force  between  the 
spheres.  F'or  small  0.  sinU*tan#. 


Execute: 


ZF.*T$mO-F.=0 and  T.F,  -Ta»0-mg  = 0.So  - /•> Q. 


LJut  tan  0*  sin 


ZT 


Ev  aluate:  d increases  when  i/  increases. 


r 


u* 

Figure  21.74 

iDKNIIFY:  Use  Coulomb's  law  fee  th:  force  that  one  sphere  exerts  cn  the  otlxr  and  ^qiply  the  1st  condition  of 
equilibrium  to  one  of  the  spheres. 

<a)  SET  Up:  The  placement  of  the  spheres  is  sketched  in  Figure  2 1.75a. 


Figure  21.75a 
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The  free-body  diagrams  for  each  sphere  arc  given  in  Figure  21.75b. 


»f»oc  on  :1k  left; 
t 


•plcic  v»«  |I)C  lij'h 

V 


Figure  21.75b 

Ft  is  lb:  repulsive  Coulomb  force  exerted  by  one  sphere  on  the  other. 

(bl  EXECUTE:  Fran  either  forec  diagram  in  part  (a):  V/\  - mat 

rco»2S.05-(ifg  -0  ai*l  T 

co  1.25.0- 

Y.F-  -ma- 

Turn 25.0“-^  ^0  and  F - J"*m 25.0" 

Uk  the  tint  equation  ti>  eliminate  Tin  the  wcond:  l\  s(mg/cot25.0,){iin25.0s)-  m*rtan25.0° 

F ■ 1 M-  1 . 1 

* 4«u  r*  4.7<  '■  4t«,  (2(1.20  m>Bn2S.0DT 

1 -J 

Combine  this  with  F - mg  tan  25.CT  and  get  mi?  tan  25.0*  - 


4«„  (2(1.20  m)«n  25. 0°f 


^ -(2.40  m)*in25.0'' 
q -(2.40  m )Mn  25.0" 


wetan2S.O 


1 150-10  “ kg  )(9.80  n»*’)lan  25.0* 


10'  N itr  e- 


- 2.K0- 10  " C 


(c>  The  separation  between  the  two  spheres  is  given  by  2f.sin#.  q - 2.80/rC*  as  found  in  put  (bV 
Fm  and  T,  ^mgXanO.  Thus  f[2L*Ati0y  -mgtonO. 

(2.80x10  A C)* 


|xin0)5  tan#  - — 1 (S.9SXx  10'  N mVC5  > 


0.3328. 


4.TC,  ALmg  ' ' 4)0.600  m)- (15.0x10  J kg)(9.S0  mV 

Solve  this  equation  by  trial  and  error.  This  will  go  quicker  if  we  can  make  a good  cstiimtc  of  the  value  of  0 that 
solves  the  equation  For  # small,  tan#»sm#.  With  this  approximation  the  equation  becomes  un  ‘ #-0.332S 
and  sin#  - 0.6930.  so  #-43.^.  Now  refine  thrs  guess: 

0 sin*#  Ian# 

45.0°  0.5000 

40.0°  03467 

39.6*  03361 

39.5*  03335 

39.4*  03309  so  # = 39.5* 

EVALUATE:  The  expression  in  part  <c>  says  #-»<)»2.->r»3and#-*90c>as/.-»0.  When  /.  is  decreased  from 
the  value  in  part  l a),  # irx reuses. 

21.76.  IDENTIFY:  Apply  JV  -Oand  YF  -0  to  each  sphere. 

SET  l.*P:  la  I Free  body  diagrams  arc  given  in  Figure  21.76.  Fv  is  the  repulsive  electric  force  that  one  sphere 
exerts  on  the  other. 

Execute:  <b)  r - «tf/cos20°  - 0.0834  N . o F.  - T sin  20*  - 0.0285  N - . (Note: 

rt  = 2(0.500  m)sin20’  =0.342  m.) 

<c>  From  port  (b),  qfix  = 3.71  x 10  11  C *. 
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<d)  The  charges  on  th:  sphere*  are  made  cquil  by  connecting  them  with  a wire,  but  we  still  have 
f 

1 *i 

r3  - 2(0.500  m)sin  30°  -0.500  m Hence:  Q - ■LI-"-  ~ - 112x10  * C.  This  equation,  along 

with  that  from  part  (c(.  gives  us  two  equation*  in  qx  and  ft:  qx  * ft  - 2.24  x 10  A C and  q q:  - 3.71 x I0~41  C\ 

By  elimination,  substitution  and  after  solving  the  resulting  quadratic  equation,  we  find:  qt  - 2.06 x 1)  * C and 

ft -1.80x10' 1 C. 

EVALUATE:  After  the  splieres  arc  connected  by  the  wire,  the  chirge  on  sphere  1 decrease*  and  the  charge  on 
sphere  2 increase*.  The  product  of  the  charges  on  the  sphere  increase*  and  the  thread  makes  a larger  angle  with  the 
vertical. 


<0* 

Figure  21.76 


; - mg  tan  0 - 0.0453  N - ^ . where  Q 


But  the  separation  r.  is  known 


21.77. 


21.78. 


IDENTIFY  and  SET  UP:  Use  Avogadro's  number  to  find  the  number  of  Na'  and  Cl  ions  and  the  total  positive 
and  negative  charge.  Use  Coulomb's  law  to  calculate  the  electric  force  and  F = ma  to  calculate  the  acceleration, 
(a)  EXECim:  Th:  number  of  Na  ions  in  0. 100  mol  of  NaCI  is  A'  - itVA.  The  charge  of  ooc  ion  is  ♦<*.  so  the 
total  charge  is  qx  m nXAc  - (0. 1 OO  mol>f6.022  x 10J‘  ions  mol  Kl  .602  x 10  *C'iofi)  = 9.647  x 10'  C 
There  are  the  sanx  number  of  Cl  ions  and  each  ha*  charge  -e,  so  q:  - -9.647  x 10'  C. 

F = 1 Kf-L <8.988x10*  N m-C-)^'  64  <i(>  ° ^2.09x10*  N 
dxc,  r (0.0200  ml 


<b)  a - Fm.  Need  the  mas*  of  0.100  mol  of  Cl  Kins.  For  Cl.  .1/  - 35.453  x 10  kg  mol.  so 

m = (0.100  mol^35.453x  10  * kg*Vnol)  = 35.45  x 10*  kg.  Then  u-— - ‘ t N ■ - 5.90  x 1 021  m‘sJ. 

(cl  EVALUATE:  Is  is  not  reasonable  to  have  su:h  a huge  force.  The  rxt  charges  of  ob^xis  arc  rarely  larger  than  1 /«<*: 
a charge  of  I04  C is  immense.  A small  amount  of  material  contains  huge  amount*  of  positive  and  negative  charge*. 
IDENTIFY:  For  the  federation  (and  hence  the  force)  on  O to  be  upward,  as  indicated,  the  force*  due  to  q\  and  q: 
must  have  cquil  strengths,  so  q.  and  q:  must  have  equal  magnitudes.  Furthermore,  for  the  force  to  be  upward.  qx 
must  he  positive  and  q:  must  be  negative. 

SET  UP:  Since  we  know  the  acceleration  of  O.  Newton's  second  law  gives  us  the  magnitude  of  the  force  on  it. 

We  can  then  add  the  force  component*  using  F — F^  c ccaO  - 2 FJ*  cost/  . The  electrical  force  on  Q is 


given  by  Coulomb’s  law.  F( 


I for  qx ) and  likewise  for  q:. 


* 4M+  r* 

Execute:  First  find  the  txl  force:  F - mu  - (0.00500  kg)(324  m V)  - 1 .62  N.  Now  add  the  force 
components,  calling  0th:  angle  between  the  line  connecting  qx  and  q ; and  the  line  connecting  q.  and  Q. 

* *6“  N - | os  N.  Now  find  the  charges  by 


r - /•  co*  0 -f  /’. . cos 


- 2r  cost/  and  r - 


2 cos// 


2.25  cm 


3.00cm 

solving  for  q.  in  Coulomb's  law  and  use  the  fact  that  i/,  and  o.  have  equal  magnitudes  but  opposite  huh*. 


* (ft  i 

In  r' 


and  q - 


r'F 


I 


IQ.OMOmrtl.OSN) 

9.00  x !0‘  N • m!.  C‘  )(  1 .75  » 1 0 ‘C ) 


6. 17*  Iff*  C. 


q,  - ~9i  ““A.OxIO*'  C. 
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21.79. 


21. HO. 


CVAIXATE:  Single  reasoning  allows  us  first  to  conclude  that  and  »/;  must  liavc  cquil  magnitudes  but  opposite 
signs,  which  makes  th:  cqiutions  much  easier  to  set  up  thin  if  we  had  tried  to  solve  the  problem  in  the  general 
ease.  As  Q accelerates  and  hence  moves  upward,  th:  magnitude  of  the  acceleration  vector  wall  change  in  a 
complicated  way. 

IDENTIFY:  Use  Coulomb's  law  to  calculate  the  forces  between  pair*  of  eharges  and  sum  these  forces  » vectors  tc 
find  the  net  charge. 

(a)  SIT  IIP:  The  forces  are  sketched  in  figure  2 1 79a. 

L 

i*  " m 2 


EXECUTE:  F{  * F. 

, 1 90?) 


. so  (be  net  forec  is  F - /•' 


izt.lL'Jiy  4.T  Cl 


away  from  th:  vacant  comer. 


(b>  SET  Up:  The  forces  are  sketched  in  Figure  2 1 . 79b. 


E\k<  nt::  / 


*i  - r> 


4 


9(-,9>  -V 

P*)  -V 


4t<,  L 4,7*;,/.' 

The  vector  sum  of  f\  aixl  f,  is  /’n  - Jf]‘  + F* . 


Figure  21.79b 

r WV 

- v2/* ^ ; /*  . and  F arc  in  the  sam:  direction. 


— 1 and  is  directed  toward  the  center  of  the  square. 
4 x€j:\u  1 


EVAl.l.  ATE:  By  symn>^ry  tlie  net  force  is  along  the  diagonal  of  the  square.  The  net  force  is  only  slightly  larger 
when  the  -3^  charge  is  at  the  center.  Here  it  is  closer  to  the  charge  at  point  2 but  the  other  two  fceccs  cancel. 
IDENTIFY:  Use  Eq.(2 1.7)  tor  the  cktf  ric  field  produced  by  each  pixnt  charge.  Apply  the  principle  of 
superposition  and  add  the  fields  as  vectors  to  find  the  rxl  field 
(a)  SET  Up:  The  fields  due  to  each  charge  arc  shown  in  Figure  2 1 .80a. 


T 


:co  0 - 


7777 


Figure  21.K0a 
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Execute: 


The  components  of  tbc  tie  Us  arc  given  in  Figure  21. 


Figure  21.80b 


4.rr. 

JJi 

4tc  \ t* 


21.81. 


21.82. 


21.83. 


Etl  - -£,sin0.  Elf  - +£^sin0  so  £ * 

e,.  = = -!-l  -4—-  ll  -i — |.  E„  *■  -E, 

4.Tt,  i.o  *t  J,'  a' 


£.£^£,>£.2 


% 


4.Z4,  [ a -»x'JWl'*o'  J/ 

£ ■ '3^(' 

2d  / I ^ 

Thus  i:  - 1 I - ■■  I,  in  tbc  - v direction. 

4^71.  (l  + o*  / ) ) 


(b>  .v  »a  implies  a’/i1  « I and  (l* 


riiut  £ > 


I-  I- 


v 


•V 

1 


*l-3oJ/2r!. 


EVALUATE:  E - \fx\  I :oc  a point  charge  £ ~\/x*  and  Far  a dipole  E - l/x\  The  total  charge  is  zero  so  at 

laruc  distances  the  electric  fWld  should  decrease  faster  with  distance  than  for  a point  charge.  By  symmetry'  E must 
lie  along  the  v*axis.  which  is  the  result  we  found  xn  part  (a). 

IDENTIFY  : The  small  hags  of  protons  behave  like  point-masses  and  point-charges  since  they  arc  extremely  far  apart. 
SET  t'P:  For  point -particles,  we  use  Newton's  formula  fee  universal  gravitation  { F - Cmjir;'/)  and  Coulomb's 
law.  TH:  number  of  protons  is  the  mass  of  protects  in  the  bag  divided  by  the  mass  of  a single  proton. 

Execute:  (■)  (0.0010  kg) /(I. 67* lO"  Ig)-60«I0"  proicm* 

<b)  Using  C'oulcenb's  law.  where  tlic  sepanitim  is  twice  is  the  radius  of  the  earth,  we  have 
fdMM-p.ODx  10*  N«  mVC:)(6.0  x 10'*  x 1.60x  10  **  C)7(2  x 6.38  x lo'mf-5.1  x lo'N 
/*rj,  - (6.67  x 10  “ N . mJifcg:)(0.0010  kgr'<2  x 6.3S  x itfm^-d.l  x 10  N 

(cl  EVALUATE:  The  elcclrical  fonre  ( =200.000  lbf)  is  certainly  large  enough  to  fed.  but  th:  gravitational  force 
clearly  is  not  since  it  is  about  I0V'  times  weaker. 

iDEYnFY:  We  con  treat  the  protons  as  point-charges  and  use  Coulomb's  bw. 

SET  UP:  (a)  Coulomb's  law  is  E - (1  • 

Execute:  £-<9.00  ■ I0*N  m’.'C’xi.ttx  10  "'C|‘.<2.0  - I01’  m)-58N-  13  lb.  which  is  certainly  large 
enough  to  feel. 

<b>  EVALUATE:  Soimthing  must  be  liolding  the  nucleus  together  by  opposing  this  enormous  repulsion.  This  is 
the  strong  nuclear  force. 

IDENTIFY:  Estimate  the  number  of  protons  in  the  textbook  and  from  this  find  the  net  charge  of  the  textbook. 
Apply  Coulomb's  law  to  find  the  force  and  use  Fw  - »\a  to  find  th:  acceleration. 

SET  Up:  With  tbc  mass  of  the  book  about  1 .0  kg.  motf  of  which  is  protons  are!  neutrons,  w e find  that  the  number 
of  proton  in  £<1.0  kg>/(l.67»  10  * kg)=  3.0x10**. 

EXECUTE:  (■)  The  chaigc  dincrencc  present  if  the  electron'*  charge  wan  99.«»9%  of  tbc  prertom's  is 
- (3.0x  I0’- «0  OOOOIMI  .6. 10  ” Cl  - 4S0  C . 

<b>  F - H&qYfr1  - k{ 480C)7(S.0  m)J -KJ-1011  N . and  it  repulsive. 


a = Fjm  ■-  |K.3»  I0‘‘  N)/(l  kg)  = 8.3 * 10"  m/s1 . 

Execute:  (c)  Even  th:  slightest  charge  imbalance  in  rmttcr  would  lead  to  explosive  repulsion! 
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21.84. 


21.85. 


21.8b. 


21.87. 


EXECUTE 


iDEVnn:  The  electric  field  exerts  equal  and  opposite  force*  on  the  two  balls.  causing  them  to  swing  away  from 
each  other.  When  the  balls  hang  stationary,  they  arc  xn  equilibrium  so  the  force*  on  them  (electrical,  gravitational, 
and  tension  in  the  strings)  must  balance. 

SET  l.'P:  l a)  The  flmre  on  the  let)  ball  is  in  the  directxm  of  the  electric  field,  so  it  mu*t  he  positive,  while  th:  force 

on  the  right  ball  is  e^ipositc  to  the  electric  field,  so  it  mu*t  he  negative 

<b)  Balancing  horizontal  and  vertical  forces  gives  qE  - Tsin  02  and  - 7*  cos  02. 

EXECUTE:  Solving  for  the  angle  Ogives:  0-2  arclan (qE/tig). 

<c>  As  /;  ->  x,  0 ->  2 a retail »)  - 2 (x'2)  -n-  1S0: 

Evaluate:  If  the  field  wen:  large  enough,  the  gravitational  force  would  rail  be  important.  so  the  strings  would 
be  horizontal. 

iDtvnn  and  SET  UP:  Use  the  density  of  copper  to  calculate  the  number  of  mole*  and  then  the  number  of  atoms. 
Calculate  the  nrt  eliarge  and  then  u*c  Coulomb's  law*  to  calculate  the  fcece. 

!TK:  (a)  m = pV  = />Ji.rr‘  ' - (H.9-10'  kgm,)|  i.i  )(l.OOxlO°  m)'  =3.728*10  ' kg 

n-m/M  -|j.72Sx  10  1 kg)/(63.S46xl0  ‘ kg mi.l|  = 5.S67.  10  1 mol 
iViBiV.sJ.Sx  lO’'  aiixii' 

(b)  V#  -(29{(3.Sx  101' J = 1.015  < 10"  dcclruu  and  protons 

q,  - cN,  -{0.99900  )cV.  - 1 0. 100  x 10*  ({1 .602  x 10  " C|(l  .01 5 x 10"  )-l.6C 

F = k?^  = k l160,1  ■ - 2.3x  10"  N 
r-  { 1 .00  m )' 

EVALUATE:  The  amount  of  positive  and  negative  charge  in  even  small  object*  i*  imnxnsc.  If  the  charge  of  an 
electron  and  a proton  weren't  exactly  equal,  objects  would  have  large  nrt  charge*. 

IDENTIFY:  Apply  constant  acceleration  cquatxin*  to  a drop  to  find  the  accclcruticvi.  Then  use  F - ma  to  find  the 
force  and  F - to  find  |t/|. 

SET  UP:  Let  D - 2.0  cm  be  the  horizontal  distance  the  drop  travels  and  d - 0.30  mm  be  its  vertical 
displacement.  Let  *.v  be  horizontal  and  in  the  direction  from  the  nozzk:  toward  the  paper  and  let  *r  be  vertical,  in 
the  direction  of  the  deflection  of  the  drop,  a = 0 and  a = n . 

EXECUTE:  first,  the  mass  of  the  drop:  m - pV  =<l  COO  kg/m1  ,|  4 v 1 1 * 0 ^ 0 m ) | _ l .4  j x 10  ' kg  . NcxL  the 
time  of  flight:  t = Dfv  - 10.020  m)/<20  m*)  - 0.00100  s . d - .a  - ^ - ~{IK)^1~>: " " “ 600  "V*  * 

Then  suF/m*  qE/.  gives  , - - I1"41!10  " "P»*>  ^ 1.06*  10  » C . 

EVAI.UATE:  Since  q is  positive  the  vertical  deflection  is  in  the  directicei  of  the  electric  field. 

IDENTIFY:  Lq.  <21.3)  gives  the  force  exerted  by  the  electric  field.  Thr*  fceee  is  constant  since  the  electric  field  is 
uniform  and  gives  the  proton  a constant  acceleration.  Apply  the  constant  acceleration  equation*  fee  the  .v-  and 
r-conponcnt*  of  the  modem,  just  ax  for  projectile  motion. 

<a  1 SET  Up:  The  electric  field  is  upward  so  the  electric  force  on  the  positively  charged  pcvtcm  1*  upward  and  has 
magnitude  F - vE.  Use  coordinate*  when:  positive  y is  downward.  Then  applying  y F - ma  to  the  proton  give* 
that  - 0 and  at  =«  - cEfm . In  these  coordinates  the  initial  velocity  ha*  camporvnts  \\  - ^-i^costf  and 
v.  - -fi.sina,  a*  shown  in  figure  2I.S7a. 


Figure  21J57a 
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21.8S. 


Execute:  Finding  A^:  At  v - A.^  the  component  of  the  velocity  is  zero. 
V,  ‘ % - v,  *in«.  a,  - -fE i m,  y - v, 
v.) 


2a 


- vj  sin ‘ a in v*  sin*  a 
2(  -rA*  'in ) 2eE 

(b>  Use  tlic  vcrt>cal  motion  to  find  the  time  t | — yQ  - 0.  v4%  = »•,  xina.  it,  - —cEfm.  t - 

2v|t  2(v,rina)  2uiv;  sin  a 


With  v - v f ^ 0 this  give*  / - 


Then  use  the  .v -component  motion  to  find  if:  a # - 0.  = v0cosa,  / - 2mv|  sina/eE.  x = d - 

% A 2/nvu sincr  ' i>iv'2*inacosa  mvj  sin  2a 

tPvcs  a - v,  cos  a ( — |= - ; 

(cl  The  trajectory  of  the  proton  is  sketched  in  Figure  21.S7b. 


(dl  Use  the  expression  in  part  <ak  A 


rigure  21.57b 

> |4.l»x!0'  ms)(sm30.Cr>j  {1.673x10  kg| 


2|  1.602x10  C)|500N.C| 


-0.4  Km 


(1.673x10  r kgW4.<X)xKf  mxf  xin60.0° 

Use  the  expression  in  part  (b):  d - 2.89  m 

(1.602x10  ,vC)(5l)0N.C) 

EVALUATE:  In  port  la),  at  - -vE  m — 4.8  x 10*"  nvV . This  is  much  larger  in  magnitude  than  g.  the  acceleration 
due  to  gravity,  so  it  is  reasonable  to  ignore  gravity.  Hx  motion  is  just  like  projectile  motion,  except  that  the 
acceleration  is  upward  rather  than  dow  nward  and  has  a much  different  magnitude.  A,  , and  d increase  when 
a or  v,  increase  and  decrease  when  A*  increases. 

IDENTIFY:  E,  - Eu  ■*  E,t . Use  I;q.<2l  .7)  for  th:  electric  field  due  to  each  point  charge. 

SET  Up:  /:  is  directed  away  from  positive  charges  and  toward  negative  charges. 

Execute:  (a)  £ ^ +50.0  N C . £,  - ■ 1 N - (K.99 . 10*  N • m!/C’ 1 - -.99.9  N/C . 

“ 4,tc,  »;•  (0.61)  ml' 

hi  Ej.  a »50.0  M C - 99.9  N€  - -49.9  N.C  . Since  E,.  it  negative.  q.  mutt  be 

Negative.  C . * a-7.99x.0-  C 

11  (I/4.M,)  K.99 -10'  N m-  f 

(b)  £ a -50.0  N.C . £(<  = -.99.9  NC  . a*  in  [urt  (a).  £,_ -£  - 1 49.9  N.  C . q,  bt  negative. 

fr.U  a < '*•»  m|i  a 2.40,  .0*  C.  *» -2.40,10  * C . 

P l (!/4.tc, ) S.99.10  N mVe- 

EVALUATE:  a,  would  he  positive  if  E were  positive. 
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21.89.  IDENTIFY:  Divide  the  charge  distribution  into  lnfinitcsirml  segments  of  length  Jr  . Calculate  £..and  £.  due  to  a 

segment  and  integrate  to  find  the  total  field. 

SET  UP:  *n>c  charge  JQ  of  a segment  oflength  Jr  is  JQ  - (0><i)Jr  . The  distance  between  a segment  at  ,y  and 
the  charge  q*  is  a+r-x . (1  - v)  ‘ * 1 + y \*t>cn  |v| « 1 . 

Execute:  <.,.*«_! dL- , g — Lf  A*  L 

* 4.t<  (o -f  r -x)  * 4xc  d(dtr- x ) 4xf(  a l r a + r 


' • ° 1 Z — \ 

4xc,  a \ x - a a* 


£ -0 . 


[h>  F 


1 qQ 


Xxcr 


x - a x 


EVALUATE:  (c)  l or  x » «i,  F - -I±-f(l  - <?/*>  - 1>-  1 + ajx  + 1 ) 


kq()  I qQ 


(Note  that  for 


ax  x 4.TC,  r' 

x » a % r - .r  - a * .r .)  The  charge  distribution  looks  like  a poant  charge  from  far  a\%uy.  so  the  force  takes  the  form 
of  the  force  between  a pair  of  point  charges. 

21.90.  IDENTIFY:  Use  fcq.  (2 1 .7)  to  calculate  the  electric  field  due  to  a small  slice  of  the  line  of  charge  and  integrate  as 
in  Example  21.11.  Use  I;q.  (2 1 .3)  to  calculate  F . 

SET  I’P:  The  electric  field  due  to  an  infinitesimal  segment  of  the  line  of  charge  rs  sketched  in  Figure  2 1 .90. 


f*'  I “V 


V7T77 


tint/  - 


cost'  - 


7777 

.Y 

1?7? 


Figure  21.90 

Slice  the  charge  distribution  up  into  srrnll  pieces  oflength  dy.  The  charge  JO  in  each  slice  is  JQ  - QiJw'a ).  The 
clcctrx  field  this  produces  at  a distance  .y  along  the  x«axis  is  JE.  C’alculate  the  components  of  j£  and  then  integrate 
over  the  charee  disthbutiem  to  find  th:  components  of  the  total  field. 

Execute:  ^ 1 * 


IK  -dEsotO- 


,‘+}:  I / 


<?■'  <ty  ) 


IE  - -dE  tin  {/-- 


y<h- 


4*stfU*l+r)  J 

1 4jt VJa  (*'+/)*' 


Q i 

43t,i7777 


.[dEy—X-  r_i 


.uA 


4cViJMx-*-»li)‘-  77771  7777 


(b>  F=q<£ 
F = -qE  = 


4*W 


!— Mi' 

• 1 


ixtp  X 


icfot,  » * _l_ . i( . -ir.-41-i-f: 

7777  T'  »*  ■ 2«*  J « 2.r 


F F ^1*  ‘ a‘' 


die?'  y Itifllx  .r  2.Y*  I Sr<rr' 


10a 
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EVALUATE:  For  x » F « F.  and  F a»  If  I — — and  F is  in  the  * -direction.  For  x » a the  charge 

distribution  Q acts  like  a point  charge. 

21.91.  IDENTIFY:  Apply  Eq.<21.9)  from  Example  21.11. 

SET  IP:  a - 2.50  cm  Replace  Q by  Jp|.  Since  Q is  negative.  E is  toward  the  line  of  charge  and 

* * \Q\  * 


.yv/xN- 


EXECUTE:  E * - 


9.00x10  * C 


f -<-7850  HC)i. 


xyx  ♦ a’  (0. 100  mtylO. 100  ml  -f  10.025  m ) 

(b>  The  elcctrx  field  is  less  than  that  at  the  sanv  distance  from  a point  charge  <8100  N C).  For  large  v. 


lx  + a)' ^ifl  + o3/*5)  1-- £l  . E £|l-  — 

7 2?  - 4«7!  2, 


The  first  correction  term  to  the  point 


charge  result  rs  negative. 

<c>  For  a 1%  difference,  we  need  the  first  term  in  the  expansion  beyond  the  jxiint  charge  result  to  be  less  than 
0.01 0:  ^ » 0.01 0 =>  x » ^1/(2(0.010))  ^ 0.025^1/0.020  ->  x * 0. 1 77  m . 

Evaluate:  At  x - 1 0.0  cm  l part  bk  tlv  exact  result  for  the  line  of  charge  is  3. 1 % smaller  than  for  a point 
charge.  It  rs  sensible,  therefore,  that  the  difference  is  1.0%  at  a somew  hat  larger  distance.  17.7  cm 

21.92.  IDENTIFY:  The  electrical  force  lias  magnitude  F - -i-  and  is  attractive  Apply  Y F - »\a  to  the  earth 


SET  TP:  For  a circular  orbit,  a ~ — . The  peried  T is  zfL  The  mass  of  the  earth  is  Aiit  - 5.97  x 10*  kg . the 

r i 

ortat  radius  of  the  earth  is  1.50x10'  m and  its  oibital  period  is  3.l46x  lO1  s . 

_ ^ **  l 4*'ri 

EXECUTE:  F - iiw  gives  — - m,  — V — . so 

r'  r V 

q-EEL. 

\ kT'  \ (8.99x10  N mVC'K3.l46xlO  s)" 

EVALt’ATE:  A very  large  net  charge  would  he  required. 

21.93.  IDENTIFY’:  Apply  Eq.(2l.l  I). 

Setup:  a-OIA-OlnK1 . (l  + y,)',/1»l-y’/2. when  v’«l. 


Execute:  <■>  + ' J. 

4.00  pC  ,'3(0.025  in) : f <0.025  m)'  V'/!] 

' 2c,  I.  (0.200  m)'  * J f 


D.89  NT* . in  the  x direction 


(b>  For  x»  R £ ■ ^ll-d - K‘/2x‘ ♦ -,]•££ “ S?  “ 4^? 

<c|  The  electric  field  of  (a)  is  less  than  that  of  the  point  charge  (0.90  N*C|  since  the  first  correction  term  to  the  point 
charge  result  rs  negative. 

(0.90-0.89) 

<d)  For  x - 0200  m . the  percent  difference  is  — 0.01  - 1%  . For  x - 0.100m . 

- 3.43  N/C  and  - .1.60  N/C  . so  the  percent  dilTerencc  is  - — - 0.017  * 5%. 

EVALUATE:  The  field  of  a disk  becomes  closer  to  the  field  of  a paint  charge  as  the  distance  from  the  disk 
increases.  At  x - 10.0  cm  . Rix  - 25%  arxl  the  percent  difference  between  the  field  of  the  disk  and  the  field  of  a 
poant  charge  is  5%. 

21.94.  IDENTIFY:  Apply  the  procedure  specified  in  the  problem. 

SET  UK  J “ ){x\d<  = -j  /ixtfx . 
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21.95. 


21.96. 


21.97. 


Execute:  <*)For  /(x)«/<-«),  J VC^Wr-j ' /fAtfr  + J' /(.t)rf.v^J */(-*)<*(-*>♦  . Kow 

replace  -xvvith  v.  This  give*  J f{x)dx  - J*/<  v>A^t  J‘/<rh/Y  - 2 j("/<xtfr . 

<b> For  g(x)^-£<-x),  J tffA)rfr-J  tfx)dx  + J"g(xWr b -j^  *-g(-xX-<f(-x))a + {*£< vlrfv  Now  replace 
-x  withy.  This  give*  J gf.v)rfr  = ^ J*«(x)<fr  = 0. 


(cl  The  integrand  m Et  for  Example  21.11  is  odd.  so  Et  H>. 

F.VAIX  ATE:  In  fxampV:  2 1 . 1 1 . EK  - 0 because  for  each  infinitesimal  segment  in  the  upper  lull* of  th:  lii*:  of  charge, 
there  is  a corresponding  intimtcsimil  segment  in  the  bottom  half  of  the  line  that  lias  E,  in  the  opposite  direction. 
IDENTIFY:  Find  the  resultant  clcrtric  field  doc  to  the  two  point  charges.  Then  use  F - »//:  to  calculate  the  force 
cm  the  point  charge. 

SET  Up:  Use  the  results  of  Problems  2 1 .90  and  2 1 .89. 

Execute:  (a)  The  r -components  of  the  electric  held  cancel,  and  the  x component  from  both  charge*,  as  given  in 

-2(?n  i 1 « z^fi-_LV  ,r 


ProMcm  2 1 .90.  is  F. 


i.T€, 


I" 


Therefore.  F 


> 


i? 


v» 


4x<.  av  4.tc.  y 


(b>  If  the  point  charge  is  now  on  the  A'«a.\i*  th:  two  halves  of  the  charge  distnbution  provide  ditTcrent  forces, 

1 Qq 

though  still  along  the  x*axis,  a*  given  in  Problem  2 1 .H9:  F,  = cjE . 

i a. 


4.TC.  d Vx-fl  X 


and  r = «/  /:  a- 

^ i 0? 


4x<.  at 


4.T*,  a 

i 


1 

v-t  a 


Therefore.  / = ! + t 


L'v 


l+  — -2+11  - — ^ — — - . . 

A .V*  A*  X* 


4.T#,  tT 
I 2 Oqa: 


i — 2+— y. 

-a  x x -f  a ) 


l or  x » u . 


4xc 


EVALUATE:  If  the  charge  distributed  along  the  x*axis  were  all  positive  or  all  negativ  e,  the  force  would  be 
proportional  to  1/  i*  in  pul  (a)  and  to  I ix  in  part  lb),  when  v oca*  is  very  large. 


(DKN11FY:  Divide  the  semicircle  into  infinitesimal  scgnvnts.  Find  the  clcctnc  field  dE  due  to  each  segment  and 
integrate  over  the  semicircle  to  find  th:  total  clcctnc  field. 

SET  UP:  "n>c  electric  fields  along  the  x -direction  from  the  left  and  right  halves  of  the  semicircle  cancel.  The 
remaining  ('-component  points  in  the  negative  y -direction.  The  charge  per  unit  length  of  the  semicircle  is 

2 _ aixl  dE 


xa 

Execute:  dE 

the  -v  -direction 


,r  . kkiinOdO  — . r 2k a r#/* 

dE  sin  0 Tberctore.  L san 

d ' <1 


Ikk 


2tA  2 kQ 


EVALUATE:  For  a full  circle  of  charge  tlie  clcctnc  field  at  the  center  would  he  zcto.  For  a quarter- eireV:  of 
charge,  in  the  firvt  quadrant,  the  electric  field  at  the  center  of  curvature  would  have  nonzero  x and  r components. 

The  calculation  for  the  semicircle  i*  particularly  simple,  because  all  the  charge  is  the  same  distance  from  point  P. 
IDKVHFY:  Divide  the  charge  distribution  into  small  segment*,  use  the  point  charge  formula  for  the  electric  field 
due  to  each  *mall  segment  and  integrate  over  the  charge  distribution  to  find  the  x and  y components  of  the  total  field. 
SET  UP:  Consider  the  small  segment  shown  in  Figure  21.97a. 


EXECUTE:  A small  segment  that 
subtends  angle  dO  ha*  length  a dO  and 
l adO\  20 

contain*  charge  d()  - O - — dO. 

\7*af  * 

(y.Ttf  i*  th:  total  length  of  the  charge 
dislributiixi.l 


Figure  21.97a 


Electric  Charge  and  Electric  Field  21-39 


21.98. 


21.99. 


The  charge  is  negative,  so  the  field  at  the  on  grin  is  directed  toward  the  small  segment.  The  small  segment  is  located  a 
unde  0 as  shown  in  the  sketch.  The  clectrx  field  due  to  dQ  « shown  in  Figure  2 1.97b.  along  with  its  components. 


1M 

4tc,  a 


- dEctuO  - ( Q:  2x\it:  )co%OdO 

E - [dE — — | cos  (MO- — 2— r(»n0|!  M- — — — 

4 i 4 2x\ai'  1 2*y- 

dE%  - dE  sin  0 - | Q:  (sin  OdO 


£-‘K-wf 


l ! 


'.11 


Q 

2*V 


Q 

lx\a- 


EVALUATE:  Note  that  E,  - Et . as  expected  from  symmetry. 

IDENTIFY:  Apply  JV  = 0 and  Y]  F - 0 to  the  sphere,  with  x horizontal  and y vertical 

SET  l*P:  The  free -body  diagram  for  the  sphere  is  given  in  Figure  21 .98.  The  electric  field  E of  the  sheet  is 

(7 

directed  awav  from  the  sheet  and  has  inaunitude  E ■ I Iq. 2 1.121. 

2<, 

EXECUTE:  Y /*.  - 0 gives  T cos«  - mg  and  T - — Y }\  - 0 gives  T saner  - — and  T — — 

coscr  ‘ 2c.  2c.  sin  a 


Combining  these  two  equations  we*  have 


im:; 


JT  tfi T 

and  tanr/ Therefore,  a - arctan 


cos  a 2c,  sin  a 2<ruig  \ 2*jng 

EVALUATE:  The  electric  field  of  the  sheet,  and  hence  the  force  it  exerts  on  the  sphere,  is  independent  of  the 
distance  of  the  sphere  from  the  sheet. 


Figure  21.98 

IDENTIFY:  Each  wire  produres  an  elcctnc  field  at  /*due  to  a finite  wire.  These  fields  add  by  vector  addition. 

SET  Up:  Each  field  his  maqnitud:  — ! . . Th:  field  due  to  the  negative  wire  points  to  the  left,  while 

xyjx'+a* 

the  field  due  to  the  positive  wire  points  downward,  making  the  two  fields  perpendicular  to  ach  other  and  of  equal 

magnxludc.  The  net  field  is  the  vector  sum  of  these  two.  which  is  £M  - 2/2  cos  45:  - 2 — ■ pi— cos  45°  • In 

4Tf,  v^.r*  -f  a' 

part  <b).  the  electrical  force  cm  an  electron  at  P is  cE. 

\ Q 

EXECUTE:  (a)  The  net  tick!  is  Em%  - 2 .coUS° . 

\^Jx‘  -f  a' 

2<9.00x  10VN  • m“.CJ  M 2.50  x 10  *C)cos45p 

£*,  • — - 6.25  x 104  N.'C. 

(0  600  nD^O.600  m)“'  <0.600  m)1 

The  direction  ts  225°  countcrckxkwisc  from  an  axis  pointme  to  the  right  through  the  positive  wire. 
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<b>  F - r£  - (1.60  x 10  “ CK6.2S  x 10*  N C)  - 1.00  x 10  * N.  opposite  to  the  direction  of  the  electric  field,  since 
the  electron  h«  negative  charge. 

EVALUATE:  Since  the  ckctric  fields  due  to  the  two  wires  hive  equal  magnitudes  and  are  perpendicular  to  each 
other,  we  only  haw  to  calculate  one  of  them  in  the  solution. 

21.100.  IDEVIIVY:  liach  sheet  produces  an  electric  field  that  is  independent  of  the  distance  from  the  sheet.  Th:  net  field 
is  the  vector  sum  of  the  two  fields. 

SET  V?z  The  formula  for  each  field  is  F - and  th:  net  field  is  the  vector  sum  of  these* 


E^  - 1 -T  • ^ . where  we  use  the  or  sign  depending  on  whether  the  fields  are  m the  san>:  or 

opposite  directions  and  (T and  aA  arc  the  magnitudes  of  the  surface  charges. 

EXECUTE:  (a)  The  two  fields  oppose  and  the  field  of  D is  stronger  than  that  of  A.  so 

2<f  2c,  2* 


,-  - a* 

< - — - — 


1 .6 uCfm‘  - 9.50uC/m!  , ,, 

— i 1.19  - 10  N.'C.  to  the  right. 

2(8.85x10  'C  /N -ml 


<b>  The  fields  are  now  in  the  same  direction,  so  their  magnitude*  add 

£■*., -(1 1.6  pC/nf*  9.50  |iCWy2^  - 1.19  x 10*  N/C,  to  the  right 
(cl  The  fields  add  but  now  point  to  the  left,  so  Etm  - 1.19  x 10*  N.'C.  lo  the  left 

EVALUATE:  Wc  can  Simplify  the  calculaticms  by  sketching  the  fields  and  doing  an  algebras:  solution  fust. 

21.101.  IDENTIFY:  Each  sheet  produces  an  electric  field  that  is  independent  of  the  distance  from  the  sheet  Th:  net  field 
is  the  vector  sum  of  the  two  fields. 

SET  l.'P:  The  formula  for  each  field  is  E - cr  ' 2ct.  and  the  net  field  is  the  vector  sum  of  these. 


E -a"  ±"  ' °‘Za- 
" 2<, 


. where  we  use  the  • or  - sign  depending  on  whether  the  fields  are  m the  sam:  or 


opposite  directions  and  a*  and  a 4 arc  the  magnitudes  of  the  surface  charges. 

Execute:  (a)  The  fields  *dd  and  point  to  the  left,  giving  £r*”  1.19  x 10*  N.'C. 

<t»>  The  fields  oppasc  and  point  to  the  left,  so  - I 19  x I05  NC. 

(cl  The  fields  oppose  but  now  point  to  the  nght.  giving  £„,-  1.19  x 10*  NVC. 

EVALUATE:  Wc  can  simplify  the  calculaticeis  by  sketching  the  fields  and  doing  an  algebras:  sohitxm  fust. 

21.102.  IDENTIFY:  The  sheets  pnxlure  an  electric  field  in  the  region  between  them  which  is  the  vector  sum  of  the  fields 
from  the  two  sheets. 

SET  l.’P:  The  fbnrc  on  the  negative  oil  droplet  must  be  upward  to  hilance  gravity.  Th:  net  clcctnc  field  between 
the  sheets  is  E - <Tt\%  and  the  electrical  force  on  the  droplet  must  balance  gravity,  so  qE  - mg. 

EXECUTE:  (a)  The  electrical  force  on  the  drop  must  be  upward,  so  the  field  should  poent  downward  since  the 
drop  is  negative. 

<bl  The  charge  of  the  drop  is  S\  so  qE  - mg.  (Selftri'c,)  = mj;  and 


if  - 


( 324x10'*  kg)(9.80  mi )(8.85x  10  11  CVN-  m;) 
5|  1.60- 10  "Cl 


35.1  Cm' 


EVALUATE:  Balancing  oil  droplets  between  plates  was  the  basis  of  the  Millikcn  Oil-Drop  Experiment  which 
produced  the  first  measurement  of  the  mass  of  an  electron. 

21.103.  IDENTIFY  and  Set  UR  Example  21 . 12  gives  the  clcctnc  tick!  due  to  one  infinite  sheet.  Add  the  two  fields  as 
vectors. 

EXECUTE:  The  electric  field  due  to  the  first  sheet,  which  is  in  the  j>-planc.  is  E = {at  2«;  |L  for  z>  0 and 
E for  r < 0.  We  can  write  this  as  /:,  - (rr  ‘2^ )( r/  |r|)i.  sinre  r.’|r|-+l  focr>0  and  r/|r|-  -rr--l 

for  r <0.  Similarly,  we  can  wnte  the  electric  field  doc  to  the  second  sheet  as  E . - ~(<rt’2ql)(x/|.Y|)j . since  its 
charge  density  is  -a.  The  net  field  is  E - E,  + E ; -{<t.'2<()(“ 

EVALUATE:  The  electric  field  is  independent  of  the  \ - component  of  the  field  point  since  displacement  in  the 
lv  direction  is  pirullcl  to  both  planes.  Th:  field  &pcnds  on  which  side  of  each  plane  the  field  is  luratcd. 

2 1 . 104.  IDF.YHFY : Apply  Eq.(2 1.11)  for  the  electric  field  of  a disk  The  hole  can  be  described  by  adding  a disk  of  charge 
density  -<t  and  radius  Rx  to  a solid  disk  of  charge  density  -t*7  and  radius  R}  . 


Electric  Charge  and  Electric  Field  >1-41 


SET  UP:  The  area  of  the  annulus  is  .r(ftJ  - ftJ  Ifr  . The  electric  field  of  a disk.  Eq.(2l . 1 1 1 is 

Execute:  (a)  Q-a/t-  r<Rj  - 

""  *<•«>  - 1 - ■ *<>)  * «,'«)•' 'i  - ■ 

The  electric  field  is  in  the  *x  direct  ii>n  at  points  above  the  disk  and  in  the  -a  direction  at  points  he  km*  the  disk,  and 


the  factor  i_L*  specifies  these  directions, 
x 

(c»  Nine  that  I U(R!xy* l-M(! * (xIR  )’)  1 ; all.  ThU  giv«s  £(.v)  = — ±--L'\ 

R.  R.  \ Kt  I 

Sufficiently  close  means  that  (x /ft « I . 

(d>  F - qt:  - - — — - — v . The  force  it  in  the  form  of  Hooke’s  law:  ft  - -Xt . with  X*  - — — - — . 

2c,  .ft  ft/  2c,  l ft  R s 


rt-if 

V'*  *> 


i -1.  |i.  _L \*L-  l-^.i 

2.T  \ ni  2t  y 2c,m\  ft  ft 
EVALUATE:  The  frequency  is  mdcfvndcnt  of  the  initial  position  of  the  particle,  so  long  as  this  position  is 
sufficiently  close  to  the  center  of  the  annulus  for  (x  .'ft  )*  to  be  small. 

21.105.  iDEVnn:  Apply  Coukunb’s  law  to  calculate  tlv  forces  that  q{  and  q:  exert  cm  q% . and  add  these  force  vectors 
to  get  the  net  force. 

SET  Up:  Like  charges  repel  and  unlike  charges  attract.  Let  ♦ v be  to  the  right  and  ♦>*  tv  toward  the  top  of  the  page 
EXECUTE:  (a)  The  four  possible  force  diagrams  arc  sketched  in  Figure  21. 105a. 

Only  the  last  picture  can  result  in  a net  force  in  the  -x» direction. 

<b>  qx  - -2.00  pC.  ql  - *4.00  and  ft  > 0. 

<cl  The  forces  ft  and  ft  and  their  components  are  sketched  in  Figure  21. 1 05b. 

F -0—1 feM  NN  . iioO, . Ihlt  give* 

4tc,  (0.0400  ml*  4^,  <0.0500  m>* 

? \q  |2Zl  filial.  0.843  pC. 

‘ 16p,|*in0,  16  1 '4/5  64™ 

(cl.  F - F.  ■* F and  F =0.«  F=|ol|— 1— ( kil 1-> kJ -l'-56.2N. 

’ 1 '4«,l  <0.0400  m>‘  5 (0.0300  nn)1  5 J 

EVALUATE:  The  net  force  F on  q,  rs  in  the  same  direction  as  the  resultant  clcctnc  field  at  the  location  of  ft  due 

to  q and  q . . 


"V"'  <’  % 

Vt  >o.v->o  v.  ,.<o.dj<o 


<«> 


Vi  < 

Kipirt  21.105 


1 H 


f . fU  I* 


2 1. 106.  IDENTIFY:  Calculate  tri:  electric  field  at  V due  to  each  charge  and  add  these  field  vectors  to  get  the  net  field. 
SET  UP:  The  electric  field  of  a point  charge  is  directed  away  fnxn  a positive  charge  and  toward  a negative 
charge.  Let  *.v  be  to  the  right  aixl  let  *vbc  toward  th:  lop  of  the  page. 

EXECUTE:  (a)  The  four  possible  diagrams  arc  sketched  in  Figure  2 1 . 106a. 

The  first  diagram  is  the  only  one  xn  which  the  electric  field  must  pnint  in  the  negative  r-dircet  ion. 

<b>  qi  - -3.00  //C.  and  q,  < 0 . 


2142 


(cl  The  electro  fields  E and  E . and  their  components  arc  sketched  in  Figure  24.  106b.  cos^  ~ “r  ’ sin0(  - . 

cmO.  - — and  tinfl,  - — . g - 0 = - *H  . i.,  *M  H.nig,  vc, -1W M_± 

“13  1 13  * (0.050m)*  13  40.120m)1  13  (0.120  m)*  (0.050m)1  12 

Solving  for  |?.|  give*  |g,|  = 12  pC  . so  q.  = -7.2  pC  . Then 

E = - — i!i! — — — = -1.17x|0  NC  . £ -1.17x10  N7C. 

(0.050  m)  13  (0.120  m)1  13 

EVALUATE:  With  q>  known,  specifying  the  direction  of  E determines  both  »/.  and  E. 


V-V  <"  "N/"  5 

O.<0.t;<0  I:  q,  > Of>  > 0 


i'.'i  ft*  f 




t ?tn^  J 


fl  >0.%<0 

<*) 


figure  21.106 


fei  if,  sin  | 

tf>> 


21.107.  IDENTIFY:  To  find  the  electro  field  due  to  the  second  rod.  divide  that  nxl  into  infinitesimal  segments  of  length 
dr.  calculate  the  field  d£  due  to  each  scgmrnt  and  integrate  ow  th:  length  of  the  rod  to  find  the  total  field  due  to 
the  rod  Use  df  - <iq  E to  find  the  force  the  electro  field  of  the  second  rod  exert*  on  each  infinitesimal  segment  of 
the  first  rod. 

SET  UP:  An  infinitesimal  segment  of  the  second  rod  is  sketched  in  Figure  21 .107.  dQ- {Q>  L\dx*  . 

_ < . k<iQ  kQ  dx' 


EXECUTE:  (a)  dl: 


[x  + af2  + L-xy  L {x  + a?2  + L- x\ 


of1*..*!* * . -lJL i _ 

Jo  I J*  (Y  + a/2  + L-xy  L x+af2  + L-x L L x + a>2  x + a<2  + L 


2*Q(  I 


L \2x+a  2L  + 2x  + a) 

(b)  Now  consider  the  face  tlut  the  fickl  of  the  second  rod  exerts  on  an  infinitesimal  segment  dq  of  the  first  rod. 
This  force  is  in  the  • r -direction  dF  = dq  E . 

r,(E^r!-^—r/;  - — 5 — Ux. 

} *•**  l L *•**  \2x  + a 2Lr2x  + a) 

/.•  {a(a  + 2L)) 

(c>  For  <i » L . F = *.!„(  ; - ^p-'-  In  (1 . L/a)-  iBl  * 2 Lia)) . 

For  uiull It  I » r) » . Therefore,  for  a»L.  2'  —-Jl—-,—  l-j  — 1 1*^2-. 

2 xM  ;o  2o-  a a‘  ))  a‘ 

E VALLATE:  The  distance  between  adjacent  ends  of  the  rods  is  a.  When  a » l.  the  distance  between  the  rods  is 
much  greater  than  their  length*  and  thev  interact  a*  point  charges. 


r 


Gauss's  Law 


22.1.  ( 


a)  IDENTIFY  ami  Set  IIP:  <t>,  - j EccajiH.  wbrrc  d u the  angle  between  the  normal  In  iIk  iheet  li  and  the 


clcctrx-  field  E. 

EXECUTE:  In  this  problem  E and  cxistf  arc  constant  o\er  the  surface  so 
4»,  - Ecoio\dA  - EemfiA  - (14  N,lC|<cOT6Cr)(0.2S0  m' )- 1.8  N m'.C. 

<bl  EVALUATE:  <!>.-  is  independent  of  the  shape  of  the  sheet  as  long  as  ^ and  V.  an:  constant  at  all  points  on  the  sheet. 
<cl  Execute:  (I)  <1>A  = £co*^L  <l>#.  is  largest  for  d = 0°.  so  cosrf  = l and  = EA. 

(ii)  <1>,  is  smallest  for  $$  = 90”,  so  cmf  = 0 and  d\  = 0. 

EVALUATE:  O,  is  0 when  the  surface  is  parallel  to  the  field  so  no  electric  fiekl  lines  pass  through  the  surface. 

22.2.  IDENTIFY:  The  field  is  uniform  and  the  surface  is  flit,  so  use  = EAcazf  . 

SET  Up:  t •*  the  angle  between  th:  normal  to  the  surface  and  the  direction  of  /:  . so  ^ - 70^ . 

Execute:  *t>,  - (75.0  N C)(0.400  mX0.600  mi  cos  70°  = 6.16  N- m2>C 

Evaluate:  If  the  field  were  perpendicular  to  the  surface  the  flux  would  he  <I>#.  - EA  - 18.0  N m2?C.  Th:  flux  in 
this  problem  is  much  less  thin  this  because  only  the  component  of  E perpendicular  to  the  surface  contnbutcs  to  th: 
flux. 

22.3.  IDENTIFY:  Hie  electric  flux  through  an  area  is  defined  as  the  product  of  the  component  of  the  electric  field 
perpendicular  to  the  area  times  the  area. 

(a)  SEr  UP:  In  this  case,  th:  clcctnc  fiekl  is  perpendicular  to  the  surface  of  the  sphere,  so  <1>,  - EA  - £(4.r/**| . 

EXECUTE:  StAisiituting  in  the  number*  gives 

<!>x  ^ (l  .25  x 10*  NC  )4.r(0. 1 50mf  - 3.53  x 10*  N m 3tC 


(b>  IDENTIFY:  We  use  th:  clcctnc  fiekl  due  to  a point  charge 
I q 

SET  UP:  E L 

4.TC,  r- 

EXECUTE:  Solving  for  q and  substituting  the  numbers  gives 


— r(0. 1 50m  )*f  1.25x10*  NC)-  3.l3x  10  *C 

' S 9.00-10  N m.C  ' ’ ' 

EVALUATE:  The  flux  would  be  the  same  no  matter  how  large  the  circle.  sin:c  the  area  is  propixticeial  tor*  while 
the  electric  field  is  proportional  to  1/r . 

22.4.  IDENTIFY:  Use  I:q.<22.3»  to  calculate  th:  flux  for  each  surface.  Use  Eq.|22.8)  to  calculate  the  total  enclosed  charge. 
SET  UP:  E = (-5.00  NC  m )xi  ♦ (3.00  N>C  rniri  The  area  of  each  face  is  L2  . where  L - 0.300  m . 


Execute:  ir.  « - j =*  <t>,  - £ nA  A = 0 . 
n.  * • * -> il> . - K n,  .1-aOONyC  m|OJ00m)-r-<0.27(N/C)  mlr. 
*J>.  =(0.27  (NC)«nX0.300  m)  =0.081  (N.C)-tn1. 


a-ft=»0,  = £-d|  A - -<0.27  (NiC>-m|r  = 0 (since  r - 0). 

= ti  =E  n^A  - (-5.00  NC-mKOJCM  m)\r  = -<0.45  (NCI  m(*. 
, = -(0.45  (NO-m  *0.300  m)= -<0.135  (NC)  m'). 

= -I  r5  <I>.  -En  A - -*(0.45  (N.  C)  • m)i  - 0 (since  x - 0). 


22-1 
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4b)ToUl  flux:  <!>  - <t> . + <t>,  = (0.08 1-0.1 35M&C)  m*  - -0.054  N m*/C.  Therefore.  = -478 x 10  ° C. 

EVALUATE:  flux  is  positive  when  A i*  directed  out  of  the  volume  and  negative  when  it  Lx  directed  into  tlx 
volume. 

22.5.  IDEM1FY:  He  flux  through  the  curv  ed  upper  half  of  the  hemisphere  is  the  same  as  the  flux  through  tlx  flat  circle 
defined  by  the  bottom  of  the  hemisphere  because  every  electric  Held  line  that  passe*  through  the  flat  circle  also  must 
pass  through  tlx  curved  surface  of  the  hemisphere. 

SET  IJP:  The  electric  field  i*  perpendicular  to  the  flat  circle,  so  tlx  flux  is  simply  the  product  of  £ and  the  area  of 
the  flat  circle  of  radius  r. 

Execute:  - EA  - £<  xr'  > - x>'  E 

EVALUATE:  The  flux  would  be  the  same  if  the  hemisphrre  were  replaced  by  any  otheT  surface  bounded  by  the  flat 
circle. 

22.6.  IDENTIFY:  Use  Eq.(22.3)  to  calculate  the  flux  Uk  each  surface 
SET  Up:  <1>  = k A s EA  co*f  where  A = Am  . 

EXECUTE:  (a)  6,  = -j(!cft).  4>,  -H4-10'  N.CK0. 10  m)’  - 36.9")  - -24  \ • m'.C. 

li,  = -A(top)  <»,,  — <4 x 10*  NC)(0.10m|!c<u«r-0. 

iiv  -*/(right».  <*>,.  -.(4xl0‘  NiCXO.10  m)icix4(90l  - J6.9‘)-  ’24  N-m‘VC. 

ii%  =-*(  bottom).  <J),  -14*10'  \.  C)|0.10  ml'coilO' - 0 . 

it.,  ■-i(from).  0^ -«<4*lC  NCMO.IOml’ciu36.9?- J2  N m'.C. 

iix --/(back).  _-<4«10'  NCM0.10 m)Jcoi36.9° - -32  N m'C. 

EVALUATE:  <bl  The  total  flux  through  the  cube  must  be  zero;  any  flux  entering  the  cute  must  also  leave  it.  since 
tlx  field  is  uniform  Our  calculation  gives  the  result;  the  sum  of  the  fluxes  calculated  in  part  (a)  is  zero. 

22.7.  (a)  IDENTIFY:  Use  Eq.(225)  to  calculate  the  flux  through  the  surface  of  the  cylinder. 

SET  UP:  The  line  of  charge  and  tlx  cylinder  arc  sketched  in  figure  22.7. 


Figure  22.7 


EXECUTE:  The  area  of  tlx  curved  part  of  the  cylinder  is  A - Ixri. 

Tlx  electric  field  is  parallel  to  the  end  caps  of  the  cylinder,  so  /:  • A - 0 for  the  ends  and  the  flux  through  the 
cylinder  end  cops  is  zero. 

The  electric  field  is  normal  to  the  curved  surface  of  the  cylinder  and  has  the  sanx  migiutudc  E - a»'2jtc(/*  at  all 
poants  on  this  surface.  Thus  ^ - 0:  and 

,i  ( 6.00  * 1 0 * Cm  }(0.400  in I 

<t>.  *EAcos6^EA^[Ai2x€,r)[2xrlU— ■ 171-10  N-mVC 

1 t,  8.854-10  “ C .'N  m 

<b>  In  the  calculation  m part  |a  | the  radius  r of  the  cylinder  divi&d  out.  so  the  flux  remains  the  same. 

=2.71x10*  N-m’/C. 

jj  16.00x10  * Cm]( 0.800  m)  , 

<c>  d»/  - s S.“4  1 \ *•  C N “ 5.42 x 10  N • m*  tC  (twxc  the  flux  cakulated  in  parts  (b>  and  (c)). 

EVALUATE:  The  flux  depends  oa  the  number  of  field  liixs  that  pass  through  the  surface  of  the  cylinder. 

22.8.  IDENTIFY:  Apply  Gauss's  law  to  each  surface. 

SET  UP:  0-%i  is  tlx  algebraic  sum  of  the  charges  enclosed  by  each  surface,  flux  out  of  the  volume  is  positive  and 

flux  into  the  enclosed  volume  is  negative. 

Execute:  (a)  <t>,  - q,‘t,  - (400 - 10  v Cy<,  - 452  N • m'.C. 

<l»>  m,  -(-7.H0.10'  CK  - -SKI  N • m;.C. 

(cl  = (®  ♦ = ((4.00 -780) -10  ' CK  = -429  Nm'C. 

<d)  4>,  = lq,  .(,!/(,  - ((4.00  - 2.40).  10  * CR  - 72J  N-m'/C. 

(e|  <J'j  -lq.’  q.’q,)!^  - ((4.00-  7.H0  ’ 2.40)*  (O'*  CR  - -I5K  N • m'C. 
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22.9. 


22.10. 


22.11. 


22.12. 


22.13. 


EVALUATE:  <f ) All  that  matters  for  Gauss's  law  is  the  total  amount  of  charge  enclosed  by  the  surface,  not  its 
distribution  within  the  surface. 

IDENTIFY:  Apply  the  results  in  Example  2110  for  the  field  of  a spherical  shell  of  charge 

SET  Up:  Example  22. 10  shows  that  £ - 0 inside  a uniform  spherical  shell  and  that  £ - k k!  outsid:  the  shell 

Execute:  (a)  £-0 

(b)  r - 0.060  m and  £*<8.99x10'  X m;.C; ) ~ : " - — 1 -3.75xlO:  NC 

(0.060  mr 

(cl  r - 0.1 10  m and  F - (8.99.10'  N m'/C'}150*  10  C*I.II«I0'  N.C 

(0.110  m)- 

EVAIX'ATB:  Outside  the  shell  the  electric  field  is  the  same  as  if  all  the  charge  were  concentrated  at  the  center  of 
the  shell.  But  inside  the  shell  the  field  is  not  the  same  as  fora  point  charge  at  the  center  of  th:  shell*  inside  the  shell 
the  clcctrx  field  is  /cn>. 

IDENTIFY:  Apply  Gauss's  law  to  the  spherical  airfare. 

SET  UP:  Qmmi  is  th:  algebraic  sum  of  the  charges  enclosed  by  the  sph^c. 

EXECUTE:  <»)  No  charge  enclosed  so  <!>  - 0 . 

^ ~60l>,lir<' — 67SN-m7c. 

c,  8.85x10- C'/N-m- 

m’/C. 

8.85  x 10”  C“/ N • m*  ' 

EVA1.UATB:  Negative  flux  corresponds  to  flux  directed  into  the  enclosed  volume.  The  rvl  flux  depends  only  on  the 
net  charge  enclosed  by  the  surface  and  is  not  affected  by  any  charges  outside  th:  enclosed  solum:. 

IDENTIFY : Apply  Gauss's  law. 

SET  Up:  In  each  case  consider  a small  Gaussian  surface  in  the  region  of  interest. 

Execute:  (u)  Sinre  E is  uniform,  the  flux  through  a closed  surface  must  be  zero.  That  is: 

<IA  - i-  - - 0 =>  J pdV  - 0.  But  became  we  can  choose  any  volume  we  want,  p must  be  zero  if 

the  integral  equals  zero. 

(bl  If  there  is  no  charge  in  a region  of  space,  that  does  NOT  mean  that  the  electric  field  is  uniform.  Consider  a 
closed  volume  close  to.  but  not  including*  a point  charge.  The  field  diverges  there,  hut  there  is  na  ctvirgc  in  that 
region. 

EV  ALUATE:  The  elortrie  field  within  a region  can  djpend  on  charges  located  outsid:  th:  region  Hut  the  flux 
through  a closed  surface  depends  only  on  the  rxl  charge  contained  within  that  surface. 

IDENTIFY:  Apply  Gauss's  law . 

SET  Up:  Use  a small  Gaussian  surface  located  in  th:  region  of  qucsticoi. 

EXECUTE:  (a)  If  p > 0 and  uniform,  then  q inside  any  closed  surface  is  greater  than  zero.  This  implies  «t>  > 0 . so 
§E  dA  > 0 and  so  the  clectnc  field  cannot  be  uniform.  That  is.  since  an  arbitrary  airfare  of  our  choice  encloses  a 
nwvzcro  amount  of  charge.  £ must  depend  on  poution. 

(bl  However,  msid:  a small  bubble  of  zero  charge  density  within  the  imperial  with  density  p . the  field  can  be 
uniform.  All  that  is  important  is  that  th:rc  he  zero  flux  through  the  surface  of  the  bubble  (since  it  encloses  no 
charge).  (Sec  Problem  22.61 .) 

EVALUATE:  In  a region  of  umform  field,  th:  tlux  through  any  closed  surface  is  zero. 

(a)  IDENTIFY  and  SET  IIP:  It  is  rather  difficult  to  calculate  the  tlux  directly  fn>m  <t>  - <l\  since  tlie  magnitude 


of  E and  its  angle  with  dA  varies  over  the  surface  of  the  cube.  A much  easier  appnxich  is  to  use  Gauss’s  law  t 
calcuLitc  the  total  flux  through  the  cube.  I-ct  the  cube  be  the  Gaussian  surface.  The  charge  enclosed  is  the  point 
charge. 

„ , 9.60x10*  C 


854x10 ‘'C*  N m 


r- 1.084x10*  N m‘ fC. 


Execute: 


By  symmetry'  th:  tlux  is  the  same  through  each  of  the  six  faces,  so  the  tlux  through  one  lace  is 
1(1.084x10'  N m-'/C)*  1.81x10'  N-mVC. 

(bl  EVALUATE:  In  port  la)  the  size  of  the  cube  did  not  enter  into  the  calrulations.  The  flux  through  one  face 
depends  only  on  the  amount  of  charge  at  the  center  of  the  cub:.  So  the  answer  to  l a)  would  not  change  if  the  size  of 
the  cube  were  changed 
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22.14. 


22.15. 


22.16. 


22.17. 


22.18. 


IDENTIFY:  Apply  the  results  of  examples  22.9  ato  22. 10. 

LA 

SET  UP:  /:  - A ±- 4 outside  the  sphere  A proton  has  charge 

Execute:  <■)  E ^ A M - (8.99  « 10*  N • m*.C'  >l':"  *"  — - 2.4 x 10"  NC 

7 (7.4x10  m> 


(b)  Foi  r- 1.0x10  " m.  E »<2.4xlOJ'  N.C)|  ■ — — -I.3xl0'‘ 

\ 1.0x10  m) 

(c>  E - 0 . inside  a spherical  shell. 

EVALUATE:  The  elortric  field  in  an  atom  is  very  large. 

IDENTIFY:  The  electric  fields  arc  produced  bv  point  charges. 


NC 


SET  lJl»:  We  use  Coulomb’s  law,  E - 


4.T«,r 


talculatc  I be  electric  field*. 


EXECUTE:  (a)  f-^(9.00xlO‘N  m’c-)'  1 -4  50*I0'NC 

' (1.00  m)- 

lb)  E - 1 9.00  x 1 0‘  N m:iC  ) 5|  *11 ' 10  ( _ 9.  ( k x I0!  NC 
1 | 7.(0  in)’ 

(cl  livers*  field  line  that  enters  the  sphere  cm  one  side  leaves  it  on  the  other  side,  so  the  net  flux  through  the  surface  is 


EVALUATE:  The  flux  would  be  zero  no  matter  what  shape  the  surface  had.  providing  that  no  charge  was  inside  the 
surface. 

Identify:  Apply  the  results  of  Example  22.5. 

SET  Up:  At  a point  0. 100  m outside  the  surface,  r - 0.550  m . 


Execute 


(a)  L^-_L*250‘10  ",C*_7.44N/C. 

4rr.  r*  4.t c (0.550  m>* 


(b>  E - 0 insxle  of  a conductor  or  else  free  charges  w ould  move  under  the  influence  of  forces,  violating  our 
electrostatic  assumptions  <i.c..  that  charges  aren’t  moving  t. 

Evaluate:  Outside  the  sphere  its  electric  field  is  the  same  as  would  be  produced  by  a point  charge  at  its  center, 
with  the  same  charge. 

IDENTIFY:  The  electric  held  required  to  produce  a spark  6 in.  Icng  is  6 times  as  strong  as  the  field  needed  to 
produce  a spark  1 in.  Icoig. 

1 


4.TC.  r 


SET  UP:  By  Gauss  s law.  q - and  the  clectnc  held  is  the  sanx  as  lor  a point-charge.  /;  - 

Execute:  (a)  The  electric  field  for  6 inch  .park*  1*  £ - 6x  2.CK)x  10'  N.'C  = 1.20x10'  NC 
The  charge  to  produce  this  field  is 

q =^/:(4*r3)  = <M5xl0  mJ)(l.20x  |0'NVC)(4.T|(0.l5mr  - 3.00x10  C . 

(b)  Using  Coulomb’s  law  gives  E - (9.00x  10*  N m*.C:  :>■  '*•  11 — L - 1 .20*  10*  X.C . 

(0.150  m)* 

Evaluate:  It  takes  only  atout  0.3  jC  to  produce  a told  this  strong. 

IDENTIFY:  According  to  Exercise  21.32*  the  liarth’s  elcctrx  field  points  towards  its  center.  Since  Mars’s  electric 
field  is  similar  to  that  of  Earth.  we  assume  it  poants  tow  ard  the  center  of  Mars.  Therefore  the  charge  on  Mars  must 
be  negative.  We  use  Gauss's  law  to  relate  the  eV^ric  flux  to  the  charge  causing  it. 

Set  UP:  Gauss's  law  is  <1>  - j!_  and  the  electric  flux  is  <1>  - EA . 


EXECUTE:  (ta)  Solving.  Gauss's  law  for  q,  putting  in  the  numlxrs.  and  recalling  that  q is  negative,  gives 
-|3.63 x 10“  N m'lCMS.RS x 10  ” C'.N  m‘)« -3.2 lx  I0'C  . 

(bl  Use  the  definition  of  electnc  flux  to  find  the  electric  flckl.  The  area  to  use  is  the  surface  area  of  Mars. 
31-P^-25o„tfNC 
A 4t<3.40xI0  m>' 


(cl  The  surface  charge  density  on  Mars  is  therefore  a 

Evaluate:  1 
charue  density. 


-3.21x10  C 


-2.21x10  C in 


Axu%  4*(340x  ICfmf 

EVALUATE:  Even  (touch  the  charue  on  Mars  is  very  large,  it  is  spread  over  a large  area,  giving  a small  surface 
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22.19. 


22.20. 


22.21. 


22.22. 


IDENTIFY  and  SET  UK  Example  223  derived  that  the  electric  field  just  outside  the  surface  of  a spherical 


conductor  that  has  net  charge  a is  /;  - 


Execute: 


4.TC,  K 

R'E  (0.160  m)*(l  150  NC) 

I In,)"  8.988x10'  N m’lC' 


( aJcuute  q and  from  this  the  number  ot  excess  electrons. 
3.275*10  * C. 


Each  electron  his  a charge  of  magnitude  c - 1.602*  10  1 C.  so  the  number  of  excess  electrons  needed  is 

?.27S  » IQ  * C _ 2.04k  10*. 

1.602*10  ,v  C 

EVALUATE:  The  result  we  obtained  for  q is  a typical  value  for  the  charge  of  an  object.  Such  net  charges 
correspond  to  a large  number  of  excess  electrons  sinre  th:  charge  of  each  clcctrwi  is  very  snuli. 

Identify:  Apply  Gauss's  law. 

SET  Up:  Draw  a cylindrical  Gaussian  surface  with  the  line  of  charge  as  its  axis.  The  cylinder  has  radius  0.400  m 
and  is  0.0200  m long.  The  electric  field  is  then  840  N.C  at  every  poem  on  the  cylindrical  surface  and  is  directed 
perpendicular  to  the  surface. 

EXECUTE:  fjtdA  • EA,..  - E(2 vrL)-  |840  NCHlrKO.400 m|(0.0200 mi  - 42.2  N n i*.C. 

The  field  is  parallel  to  the  end  cap*  of  the  cylinder.  io  Sir  them  J£  dA  - 0.  From  Gaun'i  law. 
q = = (8.854x10  ,J  C’.'N  ■ m; )(42.2  N • mVC)  = 3.74 » 10  " C. 


EVALUATE:  We  could  have  applied  the  result  in  Example  22.6  and  solved  for  A . Then  q - AL. 
IDENTIFY:  Add  tlic  vector  electric  fields  due  to  each  line  of  charge.  AM  for  a line  of  charge  is  given  by 
Example  22.6  and  is  directed  toward  a negative  line  of  chage  and  away  from  a positive  line. 

Set  Up:  The  two  lines  of  charge  arc  shown  in  Figure  22.2 1 . 


% 


' Jmii.  A;  - 

ll3»IB  | 

)4> 

omrn 

M«)4. 

1 A 


2.TC,  / 


Fifure  22.21 


EXECUTE:  (a)  At  point  a Et  and  E}  are  in  the  -ty -direction  (toward  negative  charge,  away  from  positive 
charge!. 

=(K2*«,)[(4.S0xl0‘  Cm)V(0200  m)]  = 4.314xl0'  NC 
£.  =(l/2a<,)[)2.40«  10’  C'm)'(0.200  m)j  - 2.157 x 10'  NC 
£-£,!■  E,  - 6.47  x 10'  NC,  in  I he  v -direction. 

(hi  Al  point  6.  £|  B in  the  -r-dircetion  and  E,  i*  in  the  -i -direction. 

£,  = (I.'2b<,)[(4.80«10*  Gln)/( 0.600  m)j - I ,438k  10*  NC 
£\=(|l'2;r«;,)[(2.40.10  * Gm)V(0.200  m)J- 2.IS7x  10*  NC 
£•=£■,-£•,  = 7-2-10'  NC.  in  the  ->• -direction. 

EVALUATION:  At  point  a the  two  fields  arc  in  the  sanx  direction  and  the  magnitudes  add.  At  point  h the  two  fields 
arc  in  opposite  directions  and  the  magnitudes  subtract. 

IDENTIFY:  Apply  the  results  of  F.xamplcs  22.5.  22.6  and  22.7. 

SET  Up:  Gauss's  law  can  be  used  to  show  that  the  field  outside  a long  eonductmg  cylinler  is  the  same  as  for  a line 
of  charge  along  the  axis  of  the  cylinder. 

EXECUTE:  (a)  For  points  outside  a uniform  spherical  charge  distribution*  all  the  charge  can  h:  considered  to  be 
concentrated  at  the  center  of  the  sphere.  The  field  outside  the  sphere  is  thus  inversely  proportional  to  the  sijuarc  of 
the  distance  from  the  center.  In  this  case. 


£-<480  N/C) 


0.2(H)  cm 
0.600  cm 


55  N/C 
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22.23. 


22.24. 


<b>  For  points  outside  a long  cylindrical  ly  symmetrical  charge  distribution,  the  field  is  identical  to  that  ot‘a  long  line 
of  charge:  £ - — t — that  is,  inversely  proportional  to  the  distance  from  the  axis  of  the  cylinder.  In  this  case 

2*v 

£ - 1480  NC)f  ?-2<H>an  1-160  NC 

\ 0.6(H)  cm  ) 

<cf  Tlie  field  of  an  infinite  slxct  of  charge  is  £ - a :2c,:  i.c.,  it  is  ln&pcndcnt  of  the  distance  from  the  sheet.  Thus  in 
this  case  £ = 480  NC. 

EVALUATE:  Fee  each  of  these  three  distributions  of  cliargc  the  electnc  fxkl  has  a different  dependrncc  on  distance. 
IDENTIFY:  The  electric  field  inside  the  conducted  is  zero,  and  all  of  its  initial  charge  lies  on  its  outer  surface.  The 
introduction  of  charge  into  the  cavity  induces  charge  emto  the  surf  are  of  the  cavity,  which  induces  an  equal  but 
opposite  charge  on  the  outer  surface  of  the  conductor.  The  net  charge  on  th:  outer  surface  of  the  conductor  is  the 
sum  of  the  positive  charge  initially  there  and  the  additional  negative  charge  due  to  the  introduction  of  the  mgativc 
charge  into  the  cav  ity. 

(a)  SET  UP:  First  find  the  initial  positive  charge  an  the  outer  surface  of  the  conductor  using  q - a A.  where  .-I  is 

the  area  of  its  outer  surfare.  Then  find  th:  net  charge  on  the  surface  after  th:  negative  charge  has  been  introduced 
into  the  cavity.  Finally  use  the  definition  of  surfare  charge  density. 

EXECUTE:  The  original  positive  charge  on  the  outer  surface  is 

<!  =<t.<  -<r(4?r' >-(6.37  * 10  ’ C/m’ 14.rt0.250  m')  = S.00*  10  * Cm’ 

After  the  introduction  of  -0300  pC  into  tlu:  cavity,  tlie  outer  charge  is  now 

5.00  pC  - 0.500  pC  ^ 4.50  pC 


The  surface  charge  density  is  now  <7  - — - — — - 5.73  x 1 0 " C m' 

A 4.T/-*  4*(0.250  m>* 

(b>  SET  UP:  Using  Gauss’s  law.  th:  electric  field  is  £ - — ^ — — 

A <,.f  Cjd.TJ*’ 

EXECUTE:  Substituting  numbers  gives 

£ 


4.50*  10  * C 


(8.85*10  CVNmM4.rM0.250m>' 


-6.47x10'  NC. 


(c)  SET  IP:  We  use  Gauss's  law  again  to  find  the  tlux.  <I>,  - — . 

EXECUTE:  Sefcstituting  numbcr\  gives 

* -S.6S*  10*  N-m’/C1  • 

EVALUATE:  The  excess  charge  on  the  conductor  is  still  +5.00  /A',  as  it  originally  was.  The  introduction  of  the 
-0.5X  fiC  inside  the  cavity  n>^ely  induced  equal  but  opposite  charges  (for  a net  of  zero)  on  the  surfaces  of  the 
conductor. 

iDEVmY:  We  apply  Gauss's  law.  taking  the  Gaussian  surface  beyond  the  cavity  but  insid:  th:  solid. 

SET  l.'P:  Because  of  the  symmetry  of  the  charge.  Gauss's  law  gives  us  £ - -H—  . where  A is  th:  surface  area  of: 

t>A 

sphere  of  radius  R - 9.50  cm  centered  on  the  punt- charge,  and  q%m+ j is  tlie  total  charge  contained  within  thit  sphere 
This  charge  rs  the  sum  of  the  -2.00  pC  point  charge  at  the  center  of  the  cavity  plus  the  charge  within  the  solid 
between  r - 6.50  cm  and  R - 9.50  cm.  The  charge  within  the  solid  is - pV 3 \zR‘  - 14/ 3JTT1 ) - 
(|4fyS]/*ff,-,>> 

EXECUTE:  First  find  the  charge  within  th:  solid  between  r - 6.50  cm  and  R - 9.50  cm: 

- il(7.35xlO  H C/m‘)[(0.0950  m)4  -(0.0650  mt*  J - 1.794  * 10  * C, 

Now  find  the  total  charge  w ithin  the  Gaussian  surface: 

- 9-u  + 9*.,  *-2.00  pC  + 1.794  pC  - -0.2059  pC 
Now  find  the  magnitude  of  the  electric  field  from  Gauss's  law*. 

The  fact  that  the  charge  rs  negative  means  that  th:  electnc  field  points  radially  inward. 

EVALUATE:  Because  of  the  uniformity  of  the  charge  distribution,  the  charge  beyond  9.50  cm  docs  not  contribute 

to  the  electnc  fidd. 
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22.25.  IDEVIIFY:  Hi  magnitude  of  the  electric  field  ix  constant  at  any  given  distance  fn>m  the  center  because  tlie  charge 
density*  is  uniform  invade  the  sphere.  We  can  use  Gauss's  law  to  relate  the  field  to  the  charge  earning  it. 

<a)  SiT  IfP:  Gauss's  law  fells  us  that  HA-  — , arxl  the  charge  density  ix  given  by  p-- - 

c,  V (4.3  ir/t 

EXKCXTE:  Solving  for  q and  substituting  numbers  gives 

t!  - EAt,  = £<4»r,K  = (l750  N1C«4r  M0.5CO  m|’(8.85x  10  u 10  ‘ C . Using  the  formula  for 

charge  density  «c  gel  p-  — '■ — - 2.60x11)  Cm'. 

‘ V <4/3)*«‘  (4/3)*(03SSm| 

<h>  SET  UP:  Take  a Gaussian  surface  of  nxlrus  r - 0.200  m.  concent nc  with  the  insulating  sphere.  The  charcc 


enclosed  within  this  surface  is  q - /jF  - p\  ■—  zr*  and  we  can  treat  this  charge  ax  a paint- charge,  using 


Coulomb's  law  E . The  charcc  beyond  r - 0.200  m makes  do  contributxm  to  the  electric  field. 

4.™.  t 

Execute:  FBxt  find  Ihe  enclosed  charge: 

= ^l.Tr‘  j = (160  x 10-'  Cm*  0.200  m j - 8.70  x 1 0 * C 

Now  treat  this  charge  as  a point-charge  and  use  Coulomb's  law  to  find  the  held: 

£ - (9.00  x 10'  N ra5;C*  f ,7?-S  C-  -1.96x10*  N.C 


|0.2«i 


EVALUATE:  Outside  this  sphere,  it  behaves  like  a point  charge  kvated  at  its  center.  Inside  of  it.  at  a distance  r 
from  the  center,  the  field  is  due  only  to  the  charge  between  the  center  and  r. 

22.26.  IDENTIFY:  Apply  Gauss's  law  and  conservation  of  charge. 

SET  Up:  Use  a Gaussian  surface  that  lies  wholly  within  he  conducting  material. 

EXECUTE:  (a)  Positive  charge  is  attracted  to  the  inner  surface  of  the  conductor  by  the  charge  in  the  cavity.  Its 
magnitude  is  the  xanx  as  the  cav  ity  charge:  qmm^  - -f  6.00  nC.  since  E = 0 inxid:  a conductor  and  a Gaussian 
surface  that  Ix^s  wholly  w ithin  the  conductor  must  enclose  zero  net  charge. 

<b>  On  the  outer  surface  th:  charge  is  a combination  of  the  net  charge  on  the  conductor  and  the  charge  "left  behind’* 

when  the  t6.G0  nC  moved  to  the  inner  surface: 


-q  - 5.CB  nC  - 6.00  nC  = - 1 .00  nC. 


EVALUATE:  The  clo^ric  field  outside  tlie  conductor  is  due  to  the  charge  on  its  surfare. 

22.27.  IDENTIFY:  Apply  Gauss's  law  to  ca:h  surface. 

SET  Up:  The  field  is  zero  within  the  plates.  By  symmetry*  th:  field  is  perpendicular  to  the  plates  outsid:  th:  plates 
and  can  depend  only  on  the  distance  from  the  plates.  Flux  into  th:  enclosed  volunv  ix  positive. 

EXECUTE:  S..  and  5,  enclose  no  charge,  so  th:  tlu\  k zero,  and  electric  field  outside  the  plates  is  zero.  Between 

the  plates.  S4  shows  that  -£.4  = ~q/<v  - -o  Aft,  and  £ - a fa . 

EVALUATE:  Our  result  for  the  field  between  th:  phtes  agrees  with  the  result  stated  in  Example  22.8. 

2 2.23.  IDENTIFY:  Close  to  a finite  sheet  the  field  is  the  same  as  for  an  infinite  sheet.  Very  far  from  a finite  sheet  tlie  field 
is  that  of  a point  charge. 

SET  UP:  For  an  infinite  sheet.  E - . For  a paint  charcc.  £ ■ ! — i . 

2‘.  ~ ' 

EXECUTE:  (»)  At  a distance  of  0. 1 mm  from  the  center,  the  sheet  appears  “infinite.”  so 

£>JL  7.50-0*C  662^ 

fa  A 24;,|0  KOI  m>* 

<b>  At  a distance  of  100  m from  the  center,  the  sheet  looks  like  a point,  so: 

* . -U  - -L^°-°;C>  = *75 . 10 * N/C. 

4 r*  4.T4;,  (l  00  mi- 
te! There  would  be  no  difference  if  the  sheet  was  a conductor.  The  charge  wuukl  automatically  spread  out  evenly 
over  both  faces,  giving  it  half  the  charge  density  on  either  fare  as  the  insulator  but  the  same  city  trie  field.  Far  away, 
they  both  look  like  punts  with  the  same  charge. 

EVALUATE:  The  sheet  can  tv  treated  as  intimte  at  points  where  the  distance  to  th:  slxel  is  much  less  than  the 
distarxe  to  the  edge  of  the  sheet  The  sheet  can  be  treated  as  a point  charge  at  points  for  which  the  distance  to  the 
sheet  is  much  creator  than  the  dimensions  of  the  sheet. 
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22.29. 


22.30. 


22.31. 


IDENTIFY:  Apply  Gauss's  law  to  a Gaussian  surface  and  calculate  E. 

<a ) SEr  Up:  Consider  the  charge  on  a length  / of  the  cylinder.  This  can  be  expressed  ax  </  - Ai.  But  since  th: 
surface  area  is  2jt Rf  it  can  also  be  expressed  as  q = (t2-RI.  These  two  expressions  must  be  equal,  so  XI  - <t2*R\ 
and  A - 2xR<r. 

<bl  Apply  Gauss’s  law  to  a Gaussian  surface  that  is  a cylinder  oflength  /.  radius  r.  and  whose  axis  coincides  with 
the  axis  of  the  charge  distribution,  as  shown  in  Figure  22.29. 


Figure  22.29 


Execute: 

ft-  ‘oilxRl) 

<t>,  = IxriE 


, - gi>e*  2xrtE 
<7  R 


(cl  EVALUATE:  Example  22.6  shows  that  the  electric  field  of  an  infinite  line  of  charge  is  E - A:  2x€j.  <t  - ^ ^ 

the  same  ax  for  an  infinite  line  of  charge  that  ix  along  the  axis  of  th:  cylinder. 


so  L - 

V V\  2.tR  ) 2.t<, 

iDEVnn:  The  net  electric  field  is  the  v ector  sum  of  the  fields  due  to  each  of  the  four  sheets  of  charge. 

SET  Up:  The  electric  fteki  of  a large  sheet  of  charge  is  E - <r/2c, . The  field  is  dirorled  away  from  a positive  sheet 
and  toward  a negative  sheet. 

: ,.,A,  A:  E.  .U.H.tl-fcL  ‘ W.|,|- W . 


Execute 


£,  - — (5 /iC/m*  ♦ 2 /j C/m*  + 4 fiCfm*  - 6//C/W ) - 2.82 x 10*  N/C  to  the  left 
E,  - --  (6  /t c/m1  ♦ 2 (iC/m'  - 4yi Cjm‘  -SpC/at‘)  = i.95 - 1 O'  N/C  lo  the  left. 

w^.||.M-h|-hl.5L(h|.w-w^,|,. 

E,  - -—(4  /iC/m1 + 6/iC/m*  -S  yiC/m'-2^C/m*)=  1 .69x10*  N/C  lo  the  Ht 

EVALUATE:  The  field  at  C’  ix  not  zero.  Th:  pieces  of  plastic  are  not  conductors. 

IDENTIFY:  Apply  Gauss's  law  and  conservation  of  charge. 

SET  UP:  E - 0 xn  a conducting  material. 

EXECUTE:  (a)  Gauss’s  law  says  ♦ O on  inner  surface,  so  E - 0 inside  metal. 

(bl  The  outside  surface  of  the  sphere  is  grounded,  xo  no  excess  charge. 

(cl  Consiito  a Gaussian  sphere  with  th:  -Q  charge  at  its  center  and  radius  tesx  thin  the  inner  radius  of  the  metal 
This  sphere  encloses  net  charge  Q so  there  is  an  electric  field  flux  through  it:  thrre  ix  electric  field  in  the  cavity, 
(dl  In  an  electrostatic  situatievi  E - 0 inside  a conductor  A Gaussun  sphere  with  the  -Q  charge  at  its  center  and 
radius  greater  than  the  outer  radius  of  the  metal  encloses  zero  net  charge  <thc  -Q  charge  and  the  ♦yon  the  inner 
surface  of  the  metal  > so  thrre  is  no  flux  through  it  and  E = 0 outside  the  metal. 

(el  No,  E - 0 there.  Yes.  the  charge  has  been  shielded  by  the  grounded  conductor.  There  is  nothing,  like  positive 
and  negative  miss  < the  gravity  force  is  always  attractive),  so  this  cannot  h:  dcctc  for  gravity. 

EVALU  ATE:  Field  Imes  within  the  cavity  terminate  on  the  charges  induced  on  the  inner  surface. 
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22.32.  IDENTIFY  and  SET  UP:  Eq.(22.3)to  calculate  the  flux.  Identity  the  direction  of  the  normal  unit  vector  w for  each 
surface. 

Execute:  (a)  E - -tii  + £/-/*:  A- C 
face  5,:  n = -j 

■H*  -£A-6(AB)=(-Bi*Cj-I>i)(-Aj)=  -CL'. 

face  Sy  ft  = ri 

Q,  =E  A- E (Am)m(-Bi  - Cj - Dk ) - < ,«i ) = -DC . 
face  S\:  rt  = rj 

- E A - E ■ (An)  - (-«  - Cj  - Dk){Aj)  - aCC. 
face  S4:  ft  - -i 

<!»,  - E A - E (Am)  - (-Bi  - Cj -Oi ) <-«)  = aDL1. 

faccS,:  rt-ri 

<1>,  -E  A=E  I -liil  = (-6f -(>'-/.«  I- ( A:>  = -S/.\ 

faccS,:  i*4 

= £ • /4  = £ •(  An)  = (-«'  + Q-  - Di  )•  (-Ai ) = aBL!. 

(bl  Add  Ihc  flux  through  each  of  the  six  lace*  0,  - - CL 1 - DC  , CL1  *■  DC  - Bl:  a BL'  - 0 
The  total  electric  flax  through  all  sides  is  zero. 

EVALUATE:  All  electric  field  lines  that  enter  ooc  face  of  the  cube  lease  through  another  lace.  No  clcctnc  field 
lines  terminate  inside  the  cube  and  the  net  flux  is  zero. 

22.33.  IDENTIFY:  Use  Eq.(22.3)  to  calculate  the  flux  through  each  surface  and  use  Gauss’s  law  to  relate  the  net  flux  to 
the  enclosed  charge. 

SET  UP:  Flux  into  the  enclosed  volume  is  negative  and  flux  out  of  the  volunx  is  positive. 

Execute:  (a)  <I>  ^ EA  - (125  N/C)(6.0  m: ) ^ 750  N m 7c. 

<b|  Since  the  field  is  parallel  to  the  surface.  <t>  - 0. 

<c>  Choose  the  Gaussian  surface  to  equal  the  volume's  surface.  Then  750  N m'C  - EA  - q and 

E ! — r<2.40x  10  # CU  + 750  N m3»C)  - 577  N.*C  . m the  positive  .r-directioo.  Since  q < 0 we  must  have  some 

6.0  m' 

net  flux  flowing  in  so  the  flux  is  -|A*.l|  on  second  face. 

EVALUATE:  (d  I q<  0 hut  we  have  E pointing  i/m xiy  fn>m  face  I.  This  is  du:  to  an  external  field  that  docs  not 
affect  the  flux  but  atfects  the  value  of  E. 

22.34.  IDENTIFY:  Apply  Gauss’s  law  to  a cube  centered  at  the  origin  and  with  side  length  2 L. 

SET  UP:  The  total  surface  area  of  a cube  with  side  length  21  is  6<2A>*  = 241:  . 

Execute:  (a)  The  square  is  sketched  in  Figure  22.34. 

<b|  Imagitx  a charge  q at  the  center  of  a cube  of  edge  length  21.  Then:  <J»  - qf^.  Here  the  square  is  one  24th  of  the 
surface  area  of  the  imaginary*  cube,  so  it  intercepts  124  of  the  flux.  That  is.  <T»  - 

EVALUATE:  CaVmlating  the  flux  directly  from  Iiq.(22.5)  woukl  involve  a complicated  integral.  Using  Gsum’s  law 
and  symmetry  considerations  is  much  simpler. 


Figure  22.34 
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22.35.  (at  IDENTIFY:  Find  the  net  flux  through  the  parallelepiped  surface  aixl  then  use  tliat  in  (iauss's  law  to  find  the  net 
charge  within.  Flux  out  of  the  surface  is  positive  and  tlu\  into  the  surface  is  negative. 

SET  UP:  C,  give*  flux  out  of  the  surface.  See  Figure  22.35a. 

Execute:  <t>,  = ♦*£, . A 
A = (0.0600  mXO.0500  m)  = 3.00 x 10  * m* 

£u  = £(cos60c - (2.50x10*  N C)cos60° 

£ = 1.25x10*  N.C 


a 

Set  Up: 


+£,  A - -t<l.25x  104  NCk3.00x|0  * nr)-  37.5  N • nr  !C 


E.  giv*es  flux  into  the  surface.  See  Figure  22.35b. 

Execute:  <!>s  = -E^A 
^-(O.onai  mX0.05IXI  m)-3(IO>  10  m 
- £.coi60:  - (7O0«  10'  NCICW601 
Eu  = 3.50x10*  NC 

rqnrr  22.35b 

-£.  .1- -(350- 10*  NCX3.I10- 10  m')  - -105.0  N m'iC 


The  net  ilu\  is  <l>.  - 


•37.5  N m*’  C - 105.0  N m 1 C - -67.5  N m3  C. 


‘ A *. 

The  net  flux  is  negative  (inward),  so  the  evt  charge  enclosed  is  regativc. 
Apply  Gauss's  law:  <t> 


22.36. 


12.37. 


Q~i • - (-67.5  N m,»'CX8.854 x 10  12  C*/Nm*|*  -5.98x10**  C. 

(b)  Ev  All  ATE::  If  there  were  no  charge  within  the  parallelled  the  net  tluv  would  be  zero.  This  is  not  the  ease,  so 
there  is  charge  inside.  The  electric  field  lines  that  puss  out  through  the  surface  of  the  panillclpifvd  must  terminate  on 
charges.  » there  also  mint  he  charges  outsxle  the  parallclpipcd 

IDF.VITFY:  The  a particle  feels  no  force  where  the  net  electric  field  due  to  the  two  dnlributions  of  charge  is  zcto. 
SET  UP:  The  fields  can  cancel  only  in  the  regions  A and  B shown  in  Figure  22.36.  because  only  in  these  two 
regions  are  the  two  fields  in  opposite  direct  ionv 

EXECUTE:  - £.  , gives  — — and  r - \t.r< 7 — -'*■  ■ .m 0.16  m = 16 cm . 

2.T#,/  2f,  T *il00/iOm*| 

The  fields  carvel  16  cm  from  the  line  in  regions  A and  B. 

EVALUATE:  The  result  is  impendent  of  the  distance  betwom  the  line  and  the  sheet.  The  electric  field  of  an 
intimte  sheet  of  chirgc  is  uniform,  independent  of  the  distance  fn>m  the  sheet. 

\j»c 


:v 


(a)  IDENTIFY:  Apply  Gauss  s law 
on  the  surface  of  the  cylinder. 

SET  UP:  The  Gaussian  surface  is  sketched  in  Figure  22.37a. 

Execute: 


Figure  22.36 

Gaussian  cylinder  of  Icnuth  / and  rxhus r.  where  a<r  <h.  and  calculate  E 


! 


Figure  22.37a 


»,=£<ler/) 
Q«*i  - M (*e  charge  on  the 
length  / of  the  inrvr  conductor 
thit  is  inside  tlie  Gaussian 
surface). 


^ gi«N/:(’.Tr/|_£ 

E Th:  enclosed  charge  is  positive  so  the  direction  of  £ is  raJiallv  outward. 

2JTV 
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<bl  SET  Up:  Apply  Gam's  law  ii>  a Gaussian  cylinder  of  Vmgth  / and  radius  f\  when;  r > c%  ax  shown  in 
Figure  22.37b. 

Execute:  <J»/  = E ( Irr/ ) 

Q^{  - Al  (the  charge  on  the  length  / 
of  the  inner  conductor  that  is  inside 
the  Gaussian  surface:  tlx  outer 
conductor  earhes  re*  net  charge!. 

Figure  22.37b 

«:>,  ^ gives  E(  hr I)  - — 

E . Tlx  enclosed  charge  is  positive  so  Ihc  direction  of  E is  radially  outward. 

<c>  £ — 0 within  a condixiiT.  Thus  E • 0 for  r < a ; 

E - — — for  a < r < Ik  E - 0 for  b < r < c: 

£ - — for  r >c.  The  graph  of  E versus  r is  sketched  in  Figure  22.37c. 

2oV* 

£ 


r 

Figure  22.37c 

EVALUATE:  Insxle  either  conductor  E - 0.  Between  the  conductors  and  outside  both  conductors  the  clcclnc  field 
is  the  same  as  for  a liix  of  charge  with  linear  eturge  density  A lying  alcmg  the  axis  of  tlx  inner  conductor. 

<d ) IDEM1FY  and  SET  Uf:  inner  surface:  Apply  (iauss's  law  to  a Gaussian  cylinder  with  radius  r . where 
h < r < c.  We  know  E cot  this  surface:  calculate  Om^{. 

EXECUTE:  This  surface  bes  within  the  cceiductor  of  the  outer  cylinder,  where  E - 0.  so  <t»A  - 0.  Thus  by  (iauss’s 
law  * 0.  The  surface  encloses  charge  Al  on  the  inner  conductor,  so  it  must  enclose  charge  -A.l  on  the  inner 
surface  of  the  outer  conductor.  The  charge  per  unit  length  on  the  inner  uirtarc  of  the  outer  cylinder  is  -A. 
outer  surface  The  outer  cylinder  carries  no  net  charge.  So  if  there  is  charge  per  unit  length  - A on  its  inner  surface 
then:  must  be  charge  pxr  until  length  +A  on  the  outer  surface. 

EVALUATE:  The  ckxlric  field  lines  between  the  conductors  originate  on  the  surface  charge  on  the  outer  Mirfacc  of 
tlx  inner  conduct!*  and  terminate  on  the  surface  charges  on  the  inner  surface  of  the  outer  conducted.  These  surface 
charges  arc  cquil  in  magnitud;  tper  unit  lenglht  and  opposite  in  sign.  The  electric  field  lines  outside  the  outer 
conductor  originate  from  the  surface  charge  on  tlx  outer  surface  of  the  outer  conductor. 

22.38.  IDENTIFY:  Apply  Gauss's  law. 

SET  Up:  Use  a Gaussian  surface  that  is  a cylinder  of  radius  r.  length  / and  that  has  the  line  of  charge  along  its  axis. 
The  charge  on  a length  / of  the  line  of  charge  it  of  the  tube  is  q - al . 

EXECUTE:  <»)  (it  Voc  r<a  . Gauss's  law  gives  E(2zrl)  - - — and  E — . 

A 

(ii)  The  electric  field  is  zero  because  these  points  arc  within  tlx  conducting  material. 

O 2al  a 

(iii)  For  r > t* . Gauss'*  law  gives  £<2.T/f ) - — and  £ 

A S W 

Tlx  graph  of  £ versus  r is  sketched  in  Figure  22.38. 
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<b)(i)  He  Gaussian  cylinder  with  radius  r.  far  a < r <b , must  enclose  /cm  net  charge.  so  the  charge  per  unit  length 
on  the  inner  vurt’&re  is  - a . (ii)  Since  the  net  charge  per  length  for  the  tube  is  +a  and  there  is  -a  on  the  inner 
surface,  the  charge  per  unit  length  on  the  outer  surface  must  be  +2r/. 

EVALUATE:  For  r>b  the  electric  field  is  due  to  the  charge  on  the  outer  surface  of  the  tube. 

t 


a b 

Figure  22.38 

22.39.  <a)  IDENTIFY:  Use  Gauss’s  law  to  calculate  £fr». 

(i  t SiT  UP:  r <a\  Apply  Gauss's  law  I o a cylindrical  Gaussian  surface  of  length  / and  radius  r.  where  r < a.  as 

sketched  in  Figure  22.39a. 

Execute:  = E{  Isri ) 

{?-.i  - <the  charge  on  the  length  / 
of  the  line  of  charge  I 

Figure  22.39u 


give*  /:(2.Tr/| 


£ The  enclosed  charge  is  positive  so  the  direction  of  /:’  is  radially  outward. 

2 

( ii  ) >;  v / v ir.  Points  in  this  regicci  are  within  the  conducting  tube,  so  £ - 0. 

( in)  SET  Up:  r > tr.  Apply  Gauss's  lavs*  to  a cylindrical  Gaussian  surface  of  length  l and  radius  /*.  where  r > h.  as 

sketched  in  Figure  22.39b. 

t 

Execute:  <I>,  - £|2.t/VJ 
ft*,  - a / | the  charge  on  length  / of  the 
line  of  charge  I -ai  I the  charge  on 
length  / of  the  tube ) Thus  - 0. 


<t>A  - OzL  gives  E{2xrl)  - 0 and  £ - 0.  The  graph  of  £ versus  r is  sketched  m Figure  22.39c 


Figure  22.39c 


<b>  IDENTITY:  Apply  Gauss's  law  to  cylindrical  surfaces  that  lie  just  outside  the  inner  and  outer  surfarc*  of  the 
tube.  We  know  £ so  can  calculate  . 

(it  SETUP:  inner  surface 

Apply  Gauss’s  law  to  a cylindrical  (Prussian  surface  of  kmgth  / and  radius  r,  where  a <r<b. 


Gauss's  Law  22*13 
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22.41. 


Execute:  This  surface  bet  w ithin  the  cemductor  of  the  tube,  where  £ - 0.  so  - 0.  Then  by  Gauss's  hw 
Q^t  - 0.  The  surface  encloses  charge  at  on  the  line  of  charge  so  must  enclose  charge  -al  on  the  inner  surface  of 
the  tube.  The  charge  per  unit  length  on  th:  inner  surface  of  the  tube  is  - a . 

(ill  outer  uirfaje 

Tlte  net  charge  per  unit  length  on  the  tube  is  -a.  We  hive  shown  in  pari  (i)  that  this  must  all  reside  on  the  imvr 
surface,  so  there  is  no  net  charge  on  the  outer  surface  of  the  tube. 

EVALUATE:  For  r < a the  electric  field  is  due  only  to  the  line  of  charge.  For  /•  > h the  electric  held  of  the  tube  is 
the  same  as  for  a line  of  chirge  along  its  axis.  The  fields  of  the  line  of  charge  arxl  of  the  tube  are  equal  in  magnitude 
and  opposite  in  direction  and  sum  to  zero.  For  r < a the  electric  fWld  lines  originate  on  the  line  of  charge  and 
terminate  on  the  surface  charge  on  th:  inner  surface  of  the  tube.  There  is  no  electric  field  outside  the  tube  and  no 
surface  charge  on  the  outer  surface  of  the  tirtie. 

IDENTIFY:  Apply  Gauss's  law. 

SET  UP:  Use  a Gaussian  surface  that  is  a cylinder  of  radius  r and  length  /.  and  that  is  coaxial  with  the  cylindrical 
charge  distributions.  The  %o!umc  of  the  Gaussian  cylinder  is  rr‘f  and  the  area  of  its  curved  surface  is  2x/i  . Th: 
charge  on  a length  / of  the  charge  distribution  is  q - X.t . where  X & px i?* . 


EXECUTE: 
outward, 
(b)  For 


(a)  For  r < R , O ’ = pxr'I  and  Gauss's  law  gives  £<2.t/V|  - 


E - 4— . radially 


r > R . -XJ  = px/T l and  Gauss's  bw  gives  FA 2 xrl ) - i - and  F - - 


T«  • 


. radially 


■u'  v.  a:ii 


(cl  At  r - the  electrx  field  for  BOTH  regions  is  F = ^ . so  they  arc  consistent. 

(d!  The  graph  of  £ versus  r is  sketched  in  Figure  22.40. 

EVALUATE:  For  />  R the  field  is  th:  same  as  for  a line  of  charge  along  the  axis  of  the  cylinder. 


IDEVI1FY : First  make  a free-bcxly  diagram  of  the  sphere.  The  electric  force  acts  to  the  left  on  it  since  the  electric 
field  due  to  the  sheet  is  horizontal.  Since  it  hangs  at  rest,  the  sphere  is  in  equilibrium  so  the  forces  cm  it  add  to  zero, 
by  Newton’s  first  law.  Balance  horizontal  and  vertical  fcccc  compements  separately. 

SET  I’P:  Call  T the  tension  in  the  thread  and  F th:  electnc  field.  Balancing  horizontal  forces  gives  Tsin  0 - q£ 
Balancing  vertical  forces  wc  get  T cos  O - «ig.  Combining  these  equations  gives  tan  0-  qEfmg , which  m:ans  that 
0 - arctani  (/£'*?£!.  The  electric  field  fora  slxet  of  charge  is  £ - rr2c. 


Execute: 


Substituting  the  numbers  gives  us  £ _ _ — 


2.50x10  Cm 


1 .4 1 -10'  NC  Tlwn 


Evaluate: 

jni'Jc. 


2(8.85x10  '-'C-.N  m ) 

( 5.00  x 10  1 C )( 1 .4 1 - 1 0*  NC) 

(2.00x10  • kg)|9.80mV) 

Incrcasinc  the  field,  or  decreasing  the  miss  of  the  sphere,  would  cause  the  sphere  to  hang  at  a larucr 


0 - an:  tan 


19.S: 
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22.42. 


22.43. 


22.44. 


IDEVIIFY:  Apply  Gauss's  law. 

SET  UP:  Use  a Gaussian  surface  that  is  a sphere  of  radius  r and  that  is  concentric  with  the  conducing  spheres. 
EXECUTE:  (si)  For  r<a,£-ll  since  these  points  are  within  the  cceidocling  nutcrial. 


For  a <r  <h,  £ - — since  there  is  ‘»y  inside  a radius  r. 

4**.  r3 

For  6<r<e,£-0,  since  since  these  points  arc  within  the  conducting  material 

I q 

For  r>c,£; — r.  since  again  the  total  charge  enclosed  is  *q. 

4.TC,  r* 

(bl  The  graph  of  £ versus  r is  sketched  in  Figure  22.42a. 

(c>  Since  the  Gaussian  sphere  of  radius  r.  for  h < r < c . must  enclose  zero  net  charge,  the  charge  on  inner  shell 
surface  is  -q. 

(d)  Since  the  hollow  sphere  has  no  net  charge  and  has  charge  -q  on  its  inner  surface.  the  charge  on  outer  shell 
surface  is  *q. 

(el  The  field  lines  arc  sketched  in  Figure  22.42b.  Where  the  field  is  nonzero,  it  is  radially  outward. 

EVALUATE:  The  net  charge  on  the  mner  solid  conducing  sphere  is  on  the  surface  of  that  sphere.  The  presence  of 
the  hollow  sph^c  does  not  atTect  the  electric  field  in  the  region  r < h . 


[*> 
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iDEVntY:  Apply  Gauss's  law. 

SET  Up:  Use  a Gaussian  surface  that  is  a sphere  of  radius  r and  that  is  coocentric  with  the  charge  distributions. 
Execute:  (si)  For  r < R.  £ - 0.  since  these  points  arc  within  the  conducting  material.  For  R < r < 2R. 


since  the  charuc  enclosed  is  O.  For  r > 2R  . £ - 


* -<? 

4.TC.  r* 


since  the  charge  enclosed  is  20. 


4xc,  , * 

(bl  The  graph  of  £ versus  r is  sketched  in  Figure  22.43. 

Evaluate:  For  r < 2R  the  electric  fold  is  umlTccted  bv  the  presence  of  the  charged  shell. 


IDES’TIFY:  Apply  Gauss's  law  and  conservation  of  charge. 

SET  Up:  U*c  a Gaussian  surface  that  is  a sphere  of  radius  r and  that  has  the  point  charge  at  its  center. 

1 O 

EXECUTE:  (a)  For  r <a  , £ radially  outward,  since  the  charire  enclosed  is  Q.  the  charee  of  the  poir.: 

4.TC, 


charge.  For  u<r<h,  /T-0  since  these  paints  arc  within  the  conducting  material.  For  r >b . £ 
radially  inward,  smcc  the  total  enclosed  charge  is  20. 


I 2 Q 

to*,  — ' 
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22.45. 


<h>  Since  a Gaussian  surface  with  radius  r.  for  a <.  r < b . must  enclose  zero  net  charge,  the  total  charge  on  the  inner 
surface  is  -Q  and  the  surface  charge  density  on  inner  surface  is  o - - ■■ . 

<c>  Since  the  net  charge  cm  the  shell  rs  —3 Q and  there  is  -Q  on  the  inner  surface,  there  must  be  -2Q  on  the  ixiter 
surface.  The  surface  charge  density  on  the  outer  surface  is  a - - 

<d>  The  field  lines  and  the  locations  of  the  charges  are  sketched  in  Figure  22.44a. 

(e)  The  graph  of  E versus  r is  sketched  in  Figure  22.44b. 


Lt 6* 


Figure  22.44 


Evaluate:  For  r < a the  electric  field  is  due  solely  to  the  point  charge  Q.  For  r >b  the  electric  field  is  due  to 

the  charge  -2Q  that  is  on  th:  outer  surface  of  the  shell. 

IDENTIFY:  Apply  Gauss's  law  to  a spherical  Gaussian  surface  with  radius  r.  Calculate  the  electric  field  at  the 
surface  of  the  Gaussian  sphere. 

<a)  SET  IfP:  (i)  r < a : The  Gaussian  surface  is  sketched  in  Figure  22.45a. 


Figure  22.45a 


EXECUTE:  - HA  - F. (4,TrJ ) 

Ol. 4 - 0*.  no  charge  is  enclosed 

<!>.  _ says  £<4;rr3 ) - 0 aixl  /•  - 0. 


<ii>  a <r  < b.  Points  in  this  region  are  in  the  conductor  of  the  small  shell,  so  E - 0. 
( iii)  SlT  Cp:  b<r<cz  The  Gaussian  surface  is  sketched  in  Figure  22.45b. 

Apply  Gauss's  law  to  a sphrrical  Gaussian  surface  with  radius  b<r<c. 


Figure  22.45b 


Execute:  <l>4  - £«  - E(4xr‘  > 

The  Ciaussian  surface  encloses  all  of  the  simll 
shell  and  none  of  the  large  shell,  so  - +2q. 


<\*j  - ~ • gi\c%  E(Ajrr  ) * so  E - ■. . Since  the  enclosed  charge  is  positive  tfo:  electric  field  is  radiallv 

outward. 

<iv)  c<  r <d:  Points  m this  region  are  in  the  conductor  of  the  large  shell,  so  E - 0. 
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(v)  SET  Up:  r > d\  Apply  Gauss's  law  id  a spherxal  Gaussian  surface  with  ralius  r > d.  as  shown  in  Figure  22.45c 


Execute:  O,  =EA*  C(4«r*) 

The  Gaussian  surface  encloses  all  of  the  small  shell 
md  all  of  the  large  shell,  so  Q . - ♦ 4 q-  6q. 


Figure  22.45c 

<t>£  - ^Sighes  £|4.rr* ) - ^ 

A’ f ...  Since  the  enclosed  Chirac  is  positive  the  electric  field  is  radially  outward. 

The  graph  of  A versus  r is  skeichcd  in  Figure  22.4  Sd. 


*Wa 


Figure  22.45d 

(b>  IDENTIFY  and  SET  UP:  Apply  Gauss's  law  to  a sphere  that  lies  outside  the  surface  of  the  shell  6>r  which  we 
want  to  find  the  surface  charge. 

Execute:  (i)  charge  on  inner  surface  of  the  srrnll  shell  Apply  Gauss's  law  to  a spherical  Gaussian  surface  with 
radius  a < r < b.  This  surface  lies  w ithin  the  conductor  of  the  small  shell,  where  A - 0,  so  <t>4  - 0.  Thus  by  Gauss's 
law  Q^%  - 0.  so  there  is  zoo  charge  on  the  inner  surface  of  the  small  shell. 

(ill  charge  on  outer  surface  of  the  small  shell:  The  total  charge  on  the  small  shell  is  +2i/.  We  fourxl  xn  part  (i)  that 
there  is  zero  charge  on  the  inner  surface  of  the  shell,  so  all  +2^  must  reside  on  the  outer  surface. 

( m)  charge  on  inner  surface  of  large  shell:  Apply  Gauss's  law  to  a spherical  Gaussian  surface  with  radius  c<r<d. 
The  surface  lies  within  the  conductor  of  tlx  large  shell,  where  A - 0.  so  <t>£  - 0.  Thus  by  Gauss's  law  - 0.  The 
surface  erxloscs  the  r2</  on  the  small  sixll  so  tlxrc  must  lx  charge  on  the  inixr  surface  of  the  large  shell  to 
make  the  total  enclosed  charge  zero. 

(iv)  charge  on  outer  surface  of  large  shell:  The  total  charge  on  the  large  shell  is  We  showed  in  part  (iiil  that 
the  charge  on  the  inner  surface  is  -2^.  so  there  must  be  rbq  an  the  outer  surface. 

Evaluate:  The  electric  field  lines  for  h<r  <c  originate  from  the  surface  charge  on  tlx  outer  surface  of  the 
inner  shell  and  all  terminate  on  the  surface  charge  on  the  inner  surface  of  the  outer  shell.  These  surface  chirgcs  have 
equal  magnitude  and  opposite  sign.  The  electric  field  lines  for  r > d originate  from  the  surface  charge  on  the  outer 
surface  of  the  outer  sphere. 

Identify:  Apply  Gauss's  law 

SET  Up:  Use  a Gaussian  surface  that  is  a sphere  of  radius  r and  that  is  concentric  with  the  charged  shells 
Execute:  (a)  (i)  Fee  /*  < a.  A - 0.  since  the  charge  enclosed  is  zero.  I ii  l For  a < r <.  6.  A - 0.  since  the  points 

arc  within  the  conducting  material.  | iiil  Fee  h<r  <cji ■ — — . outward,  since  charge  enclosed  is  *2q. 

4«,  r- 

(iv|  For  c < r < d.  A'  - 0.  since  the  paints  arc  within  the  conducting  material,  (v)  For  r >d,  E - 0.  since  the  net 
charuc  enclosed  is  zero.  The  graph  of  A versus  r is  sketched  in  Figure  22.46. 
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22.47. 


22.4X. 


(b)  (i)  small  shell  inner  surface:  Since  a Gaussian  surface  with  radius  r.  for  a < r < b . must  enclose  zero  net 
charge,  the  charge  on  this  surface  is  zero.  C>> I small  shell  cuter  surface:  -f2^  . (lii)  large  shell  inner  surface:  Since 
i Gaussian  surface  with  radius  t\  for  c<r<d  , must  enclose  zero  net  charge,  the  charge  on  this  surface  is  -2 q . 

(iv)  large  shell  outer  surface:  Since  there  is  -2<yon  the  inner  surface  and  the  total  charge  on  this  conductor  rs  . 
the  charge  on  this  surface  rs  zero. 

Evaluate:  The  outer  shell  has  no  effect  on  the  electric  field  for  r < c Tor  r > d the  electric  field  is  due  only  to 
the  charge  on  the  outer  surface  of  the  larger  shell. 

t: 


Figure  22.46 

iDEVnFV:  Apply  Gauss's  law 

SET  UP:  Use  a Ciaussian  surface  that  is  a sphere  of  radius  r and  that  is  concentric  with  the  charged  shells 
Execute:  (a)  (i)Forr  £-0.  since  charge  cneloscd  is  zero,  (ii)  a <r<  6,  E «0.  since  the  points  are 


within  the  conducting  material.  { in | For  p < r < c.  /:  - 


r 


r.  outward,  since  charge  enclosed  is  +2 q. 

2* 


(iv)  Farr  < r < d.  £ - 0.  since  the  points  arc  within  the  conducting  material,  tv)  For  r >d,  E- 


- 


inward. 


since  charge  enclosed  is  2q.  The  graph  of  the  radial  component  of  the  electric  fWld  versus  r is  sketched  in 
Figure  22.47.  where  we  use  the  convention  that  outward  field  is  positive  and  mwurd  field  is  negative. 

(b)  (i)  small  shell  inner  surface:  Since  a Gaussian  surface  with  radius  t\  for  a m-  r < b.  must  enclose  zero  net 
charge,  the  charge  on  this  surface  is  zero,  (ti)  small  shell  outer  surface:  • 2^.  (iii)  large  shell  inner  surface:  Since 
i Gaussian  surface  with  radius  r%  for  c < r < d.  must  enclose  zen>  net  charge,  th:  charge  on  this  surface  is  2 q. 

(iv)  large  shell  outer  surface:  Since  there  is  cei  the  mrvr  surface  and  the  total  charge  on  this  conducted  is  4^. 
the  charge  on  this  surface  is  -2 q. 

Evaluate:  The  outer  shell  has  no  cfTcct  on  the  electric  field  for  r < c . For  r > d the  electric  f*:ld  is  d\x  only  to 
the  charge  on  the  outer  surface  of  the  Larger  shell. 

£ 


IDENTIFY:  Apply  Gauss's  law 

SET  UP:  Use  a Ciaussian  surface  that  is  a sphere  of  radius  r and  that  is  concentric  with  the  sphere  and  shell.  The 
volume  of  the  insulating  shell  is  V - l.r([2/?l‘  ■ 

EXECUTE:  (si)  Zcn>  net  charge  requires  that  -Q  - .jo  p - -■  ^ ■ . 

3 28x£ 

(b)  For  r < £ -0  since  this  region  is  within  th:  conducting  sphere.  Fori*  > 2/?.  F.  -0.  since  the  net  charge  enclosed 

by  the  Ciaussian  surface  with  this  radius  is  zero.  For  K < r < 2 R . Ciauss's  law  gives  Fiizr' ) - — *'x  *'  i »•  - R‘ ) and 

£ — + — ^--ir  * -/?').  Substituting  p from  part  (a)  gives  £ - - — — The  net  enclosed  charge  for 

4rc,i*’  3c,!**  tx*,  / * 2Kr«„£ 

each  r in  this  range  is  positive  and  th:  electric  field  is  outward 


221 8 C hapiter  22 


(cl  The  graph  is  skeletal  m Figure  22. 4H.  We  see  a discontinuity  in  going  from  the  conducting  sphere  to  the 
insulator  due  to  the  thin  surface  charge  of  the  coodixlmg  sphrre.  But  we  see  a smooch  transition  fnxu  the  uniform 
insulator  to  the  surrounding  spice. 

EVALUATE:  The  expression  for  E withm  the  insulator  gives  E - 0 at  r = 2R . 

£ 


22.49.  IDENTIFY:  Use  Gauss's  law  to  find  the  electric  field  E produced  by  the  shell  for  r < R arxl  r > R and  then  use 
F - qfZ  to  find  the  force  the  shell  exerts  on  th:  point  charge. 

(a)  SET  Up:  Apply  Gauss's  law  to  a sphencal  Gaussian  surface  that  lias  radius  r>  R and  that  is  cooccntric  with 
the  shell.  » sketched  in  Figure  22.49a. 


EXECITC:  <J\  = £(4."’) 


<J»,  a gl>e»  E ( 4.Tr’  | - — 
The  magnitude  of  the  field  is  E 


Q qO 

— - — and  it  is  directed  toward  th:  ccnteT  of  the  shell.  Then  F - qE — — . 

4.7V  4.Ttr 


directed  toward  the  center  of  the  shell.  (Since  q is  positive.  F and  F are  in  the  same  direction.) 

(bl  SET  VPz  Apply  Gauss's  law  to  a spherical  Gaussian  surface  that  has  radius  r < R and  that  is  concentric  with 
the  shell.  » sketched  in  Figure  22.49b. 


EXECITC:  <J»,  -/r(4.Tr'( 


O,  - gi»ts  E ( 4nr!  | * 0 
Then  E - 0 *o  F - 0. 

EVALUATE:  Outside  the  shell  the  electric  field  and  the  force  it  exerts  is  the  same  as  for  a point  charge  -O  located 
at  the  center  of  the  shell.  Inside  the  shell  E - 0 and  there  is  no  force. 

22.50.  IDENTIFY:  The  method  of  Example  22.9  shows  that  the  electnc  field  outside  the  sphere  is  the  same  as  for  a point 
charge  of  the  same  charge  located  at  the  center  of  the  sphere. 

SET  Up:  The  charge  of  an  electron  has  magnitude  c - 1 .60  x 1 0 . 
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22.51. 


22.52. 


22.53. 


- A*  M . For  r - £ - 0. 

r* 

2.SS-10  'C 


£'■  (1150  NiCXO.150  m)’ 

1 8.99-10'  N m C 


l r.c  numtxr  of  excels  electrons  is 


1.60x10  ’(.'electron 


80x10  electrons. 


(b|  r-tf.O.IIXIm- 0.250  m.  £ - *M  - (8.99«10‘  N ■ m'.'C'  1 ~ S<  ' ( -4I4NC. 

7 <0.250  ml' 

EVALUATE:  The  magnitude  of  the  electric  field  decreases  according  to  the  square  of  the  distance  from  the  center 
of  the  sphere. 

I NOTIFY:  Tbc  nel  electric  field  is  the  vector  sum  of  th:  fields  due  to  the  sheet  of  charge  on  each  surfarc  of  the 
plate. 

SET  Up:  The  electric  field  due  to  the  sheet  of  charge  on  each  surface  is  £ = < r 2<^  and  is  directed  away  fnxn  the 
surface. 

EXECUTE:  (a)  For  the  conductor  the  charge  sheel  on  each  surface  produces  fields  of  magnitude  rx  2«,  and  in  the 
same  dirrction.  so  the  total  field  is  twarc  this,  or  (Tit,, . 

(bl  At  points  insid:  the  plate  the  farlds  of  the  sheets  of  charge  on  each  surface  arc  equal  in  magnitude  and  opposite 
in  dircctira.  so  their  vector  sum  is  zero.  At  points  outside  the  plate,  an  either  side,  the  folds  of  the  two  sheets  of 
charge  are  in  the  same  direction  so  their  magnitudes  add.  giv  ing  £ - rr/r,  . 

Evaluate:  Gauss's  law  can  also  be  used  directly  to  determine  the  fields  in  these  regions. 

IDEYIIFY:  Example  22.9  gives  the  expression  for  the  electric  field  both  inside  and  outside  a uniformly  charged 
sphere.  Use  F = -cE  to  calculate  the  force  on  the  electron. 

SET  Up:  The  sphere  his  charge  O - . 

EXECUTE:  (a)  Only  at  r - 0 is  £ - 0 for  the  uniformly  charged  sphere. 

|b>  At  points  insid:  the  sphere.  £ - . The  fVelil  is  radially  outward.  F,  - -e£  - - - — "IT*  m*nu'  **8n 

denotes  thit  F * is  radially  inward  For  simple  harmonic  motion.  F = -kr  - -nuo'r  . where  - *Jk  m - 2jt  i . 


F - Wr  - - 


I c'r 


1 r i I i * 

4«l  mR‘  ^ * IzMxc.mR' 


(1.60x10  ,v  C)' 


(c)If  4.57x10  * Hz | — then  = J T : r ^3.13x10  *•  m. 

2*\4r«,  n\ R \4.Tf  4.t'(9.1  lx  10  41  kg)f4.S7xlOM  Hzl* 

The  atixu  radius  in  this  model  is  the  correct  order  of  magnitude. 


(d)  If  r>R,  E,  - — - are!  F,  - . Th:  electron  would  still  oscillate  because  the  force  is  directed  toward 

4x«tr*  4ffV 

the  equilibrium  position  at  r - 0 . But  the  motion  would  not  be  simple  harmonic,  since  f is  proportional  to  l/rJ  and 
simple  harnxinic  motion  requires  that  the  restoring  force  be  proportional  to  the  displacement  from  equilibrium 
EVALUATE:  As  long  as  the  initial  dcsplacenvnt  is  less  than  R the  frequency  of  the  motion  is  independent  of  the 
initial  displa:emcnt. 

(NOTIFY:  There  is  a fcece  on  each  electron  du:  to  the  ixher  electron  and  a force  due  to  the  sphere  of  charge.  Use 
Coulomb's  law  for  the  force  between  the  electrons,  lixairplc  22.9  gives  £ inside  a uniform  sphere  and  Fq.(21.3) 
gives  the  force. 

SET  Up:  The  positions  of  the  electrons  arc  sketched  in  Figure  22.53a. 


If  the  electrons  arc  in 
equilibrium  the  net  force  on 
each  one  is  zero. 
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22.54. 


22.55. 


Execute:  Consider  the  farces  on  ckdron  2.  There  is  a repulsive  force  Fx  due  to  the  other  electron,  electron  1. 

I e* 


1_4*%(2rf)J 


rite  clectnc  held  inside  the  uniform  distribution  ot  positive  charge  is  E - (Example  22.9),  where  O - +2c. 

4 TC.tf* 


At  the  position  of  electron  2.  r-  d.  The  force  Fmi  exerted  by  the  positive  charge  distribution  is  = cE  - 
and  is  attractive. 

Tlte  force  diacram  foe  electron  2 is  given  in  Figure  22.53b. 


>!■* 

4***' 


Net  force  cquils  zero  implies  F - F and 


Figure  2233b 

_i <r  Ic'd 

•irt,  4 <f 

Thin  1 1 : 4</; ) - 2dlR\  10  d‘  - R‘  I*  anild-  R/2. 

EVALUATE:  The  electric  field  of  the  sphere  is  radially  outward,  it  is  zero  at  the  center  of  the  sphere  and  increases 
with  distarxe  from  the  center.  The  force  this  held  exerts  cm  erne  of  th:  electrons  is  radially  inward  and  increases  as 
the  electrxm  is  farther  from  the  center.  The  force  from  the  other  electron  is  radially  outward,  is  infinite  when  d - 0 
and  decreases  as  d increases.  It  is  reasonable  therefore  for  there  to  be  a value  of  J fee  which  these  forces  balance. 
IDENTIFY:  Use  Gauss’s  law  to  find  the  electric  field  both  inside  and  outside  the  slab. 

SET  UP:  Use  a Gaussian  surface  that  has  one  face  of  area  A in  the  v z plane  at  .t  - 0.  and  the  other  fare  at  a 
general  value  x.  The  volume  crxlosed  by  such  a Gaussian  surface  \%Ax. 

Execute:  (a)  The  electric  field  of  the  slab  must  he  zero  by  symmetry  There  is  no  preferred  direction  in  the 
plane,  so  the  ekctric  field  can  only  point  in  the  ^direction.  Hut  at  the  origin,  neither  the  positive  nor  negative 
v directions  should  be  singled  out  as  special,  and  so  the  field  must  be  zero. 

(b>  For  Ms  d . Gauss’s  law  gives EA  - and  £ - idll . with  direction  given  by  — i (away  from  the 

center  of  the  slab).  Note  that  this  expression  does  give  E - 0 at  r-0.  Outside  the  slab,  th:  enclosed  charge  does 
not  depend  on  .t  and  is  equal  to  pAd . For  |vj  ^ d . Gauss’s  law  gives  EA  - zlziL  - and  E - . again  with 


direction  given  bv 


X r 


EVALUATE:  At  the  surfaces  of  the  slab,  .r  - td  . For  these  v alues  of  v the  two  expressions  for  E (for  invade  and 
outside  the  slab)  give  the  sarra  result.  The  charge  per  unit  area  <7  of  the  slab  is  given  by  o A - pA(2J)  and 
pti  -tr/2  . The  result  6>r  /:  outsid:  th:  slab  can  therefore  be  written  « E - a V 2c,  and  is  the  same  as  for  a thin  shed 
of  charge. 

(a)  IDENTIFY  and  SET  IIP:  Consider  the  direction  of  the  field  for  x slightly  greater  than  and  slightly  levs  than  zero. 
The  slab  is  sketched  in  Figure  22.55a. 


p(»l =MxldY 


Figure  22.55a 

EXECUTE:  The  charge  distribution  is  symmetric  about  x - 0.  so  by  symmetry  E | .r ) - £(— x ).  Hut  for  x > 0 the 
field  is  in  the  tr  direction  and  for  x<  0 the  field  is  in  the  -x  direction.  At  x - 0 the  field  can’t  be  both  in  the 
•♦.r  and  -x  directions  so  must  tv  zero.  That  is.  £ (x)  - -£  (-z).  At  point  x - 0 this  gives  Et  |0|  - -£^0)  and 
this  equation  is  satisfied  only  for  Et  (0)  - 0. 


Gauss's  Law 


22-21 


(b>  IDENTIFY  and  SET  l>:  I y > d (outside  the  slab) 

Apply  Gauss's  law  to  a cylindrical  Gaussian  uirtare  whose  axis  is  perprmbcular  to  the  slab  and  whose  end  caps 
have  area  A and  arc  the  same  distance  |y|  > d front  x • 0.  as  showTi  in  Figure  22.55b. 


Execute:  <X» . -2/11 


Figure  22.55b 


To  find  consider  a thin  disk  at 
coordinate  x and  with  thickness  dx.  as 
shown  in  Figure  22.55c.  Tl>:  charge 
within  this  disk  is 

dq  - pdV  - pAdx  - [p  A.'d:  ).rJd.v. 


Figure  22.55c 

The  total  charge  enclosed  by  the  Gaussian  cylinder  is 


Then  <I>*  - gives  2/1!  - Ip^AdiU^. 

E = pjl*> 

E is  directed  away  from  r - 0,  xoE  - .vV|.v|)i. 

IDENTIFY  and  Set  Up:  |.v|<rf  (inside  the  slab) 

Apply  Gauss's  law  to  a cylindrical  Gaussian  surfare  whose  axis  is  perpendicular  to  the  slab  and  whose  end  caps 
have  area  A and  arc  the  same  distance  |r|<  d from  x - 0,  as  shown  in  Figure  22.55d. 


Execute:  <j».  = 2EA 


Figure  22.55d 

Q^t  **  found  as  above,  but  now  the  integral  on  dt  is  only  from  0 to  v instead  of  0 to  d. 

<?-,  - 2f>  - ( 2/yl/rf1 ) j;  - {2p,A  id' )(»‘  13  }. 


Then  <1>,  - 2^1  give  2EA  - 2ptAx‘ /Syf’. 


E .ai'/JuT* 


E is  directed  away  from  x - 0.  so  E - j pjt  • $*td‘  |i. 

EVAl.LATE:  Note  thit  E - 0 at  x - 0 as  stated  in  pari  ta).  Note  also  that  the  expressions  for  |y|  > d ami  |r|<  d 
agree  Uk  x — d. 

22.5b.  IDENTIFY:  Apply  /‘  - qE  to  relate  the  force  on  q to  the  electric  field  at  the  location  of  q. 

SET  Up:  Flux  is  negative  if  the  electric  field  is  directed  into  the  enclosed  volume. 
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22.57. 


EXECUTE:  <a)  We  could  place  two  charges  -tOon  either  side  of  the  charge  +q  . as  shown  in  Figure  22.56. 

(b>  In  order  for  the  charge  to  be  stable,  the  electric  field  in  a neighborhood  around  it  must  always  point  back  to  th: 
equilibrium  position. 

(cl  If  if  is  moved  to  infinity  and  we  require  there  to  be  an  electric  field  always  pointing  in  to  the  region  where  if 
had  been,  we  could  draw  a small  Gaussian  surface  there.  We  would  find  that  we  reed  a negative  tlux  into  the 
surface.  That  is.  there  has  to  be  a negative  charge  in  that  region.  However,  there  is  none,  and  so  we  cannot  gel  such  a 
stable  equilibrium 

(d>  For  a regain  c charge  to  be  in  stable  equilibrium.  we  need  th:  elcctnc  fickl  lo  always  point  away  from  the  charge 
positicei.  The  argument  in  (c)  carries  through  again,  this  time  implying  that  a positive  charge  must  be  in  the  space 
where  the  negative  charge  was  if  siahV:  equilibrium  is  to  be  attained. 

EVALUATE:  If  q rs  displaced  to  the  Ictl  or  right  in  Figure  22.56.  the  net  force  is  directed  ba:k  toward  the 
equilibrium  position.  But  \{  q k displaced  slightly  in  a direction  perpendicular  to  the  line  connecting  the  two  charges 
O.  then  the  net  foree  cei  q is  directed  away  from  the  equilibrium  position  and  the  equilibrium  is  not  stable  for  such  a 
displacement. 

~ 

- * * 

0 V 

Figure  22.56 

p(r)  = /\,(i-rlR)  Totr&R  »tai  / \-lQhtR‘ . p(r)~  0 (atri  R 

(a)  IDENTIFY:  The  charge  density  varies  with  / inside  the  spherical  volume.  Divide  the  volume  up  into  thin 
concentric  shells,  of  radius  r and  thicknc»  dr.  F ind  the  charge  dq  in  each  shell  are!  integrate  to  find  the  total  charge 
SET  Up:  The  thin  shell  is  sketchrd  xn  Figure  22.57a. 

Execute:  The  volume  of  such 
a shell  is  dV  4 xrdr 
Tlie  charge  contained  within  th: 
shell  is 

dq  - M r )dl'  - 4 xr'p.  (l -r!R  )dr 


Figure  22.57a 

The  total  charge  Q in  the  charge  distribution  is  obtained  by  integrating  <iq  over  all  such  shells  into  which  the  sphere 
can  he  subdivxlcd; 


Q _ J dq  - J 4 4*r J/>*( I ~ r>R)dr  - 4ap0  f r2  - r / R (dh 


R 4 


Q _ 4ap,  “ ~ -p:  - ] -L  -1—  I - 4.T/1,  ( V 1 2 J - 4.r(  30.'  xRl )(  J?Vl2)  = (2.  as  was  to  he 

|b>  iDEVnn:  Apply  Gauss's  law  to  a spherical  surface  of  radius  r.  where  r > R. 

SET  UP:  The  Gaussian  surface  is  shown  in  F'igure  22.57b. 


*\s  r. 


EXECUTE: 


Figure  22.571i 


W 


; saire  as  fee  point  charge  of  charue  Q 


(c>  IDENTIFY:  Apply  Gauss's  law  to  a spherical  surface  of  radius  r.  where  r < R : 
SET  UP:  The  Gaussian  surface  is  shown  in  F'igure  22.57c. 


Execute:  <J», 
<I»i  - £(  4.tt!  ) 


L' 


figure  22.57c 
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22.53. 


The  calculate  the  enclosed  charge  0-%l  use  the  same  technique  as  in  part  <ak  except  integrate  dq  »>ut  tor  rather  than 
R (We  want  the  charge  that  is  inside  radius  /.) 

a-  - /;  4*/ w i - ^ k - m;  I r"  - V 


2“  ■ Mt-£I-4^T-£)-*w'(t  5 


Hum  Ciaus^ 


s law  gives  A’|4.rr' ) - — | J 4 - 3^ 


(?r  f4Jr 
£ 

(dl  The  graph  of  A'  versus  r is  sketched  in  Figure  22.57d. 

E 


J 3r* 

- 4r  I - 0 so  4 - 6r  •’  £ - 0 and  r = 2Rt  3. 

ic  R 


i IE 

(el  Where  the  ekctric  field  is  a maximum. 0.  Thus 

dr 

Allhit  value  of  r,  2_f"Y 

3 A tf  3 J 3«,W 

EVALUATE:  Our  expressions  tor  £(/*)  for  r < R and  for  r > R agree  at  r - R.  The  results  of  port  (cl  fee  the 
value  of  / w here  £(r ) is  a maximum  agrees  with  the  graph  in  port  (d). 

Identify : Apply  Causes  law. 

SET  IP:  Use  a Gaussian  surface  that  is  a sphere  of  radius  r anti  that  is  concentric  with  the  spherical  distribution  of 
charge.  The  volume  of  a thin  spherical  shell  of  radius  r and  thickness  dr  is  dV  - 4 xr'dr  . 


* k 4 k a 

EXECUTE:  (a)  Q - J p{r)dv  - 4xfp(r)r3dr  - 4^>,  j 1 - — r dr  - 4a J r2dr  - -1- 


!'■* 


Q-*= p 


'3  3*  4 ' 


Tlie  total  charge  is  zero 


(b)  For  r Z R , E dA  - - 0 , so  £ - 


(cl  For  r 


:£,.f£  £4x,*_i21l  fV*dP-_fVVfr- 

J c.J*  * J*  3*J' 

&4--— l-^[l--r 

‘u^l}  J*'  H L 


nd 


(dl  The  graph  of  £ versus  j*  is  sketched  in  Figure  22.58. 


(el  Where  £ is  a maximum.  — - 0 . This  gives  -i—  - - 0 and  / - — At  this  /.  £ - — — i I - - 

Jr  - 3<  3 ,R  “ 2 it  2 |_  2j  12- 


"K 
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EVALUATE:  The  result  xn  part  (b)  for  rS/{  give*  £ - 0 at  r - R ; the  field  is  continuous  at  the  surface  of  thr 
: ha  rue  distribution. 


Figure  22.58 

22.59.  IDENHIFY:  Follow  the  steps  specified  in  the  problem. 

SET  Up:  In  spherical  polar  coordinates  <i\  = r*  sin0  JO  J#  r . | sin  0 JO  Jf  - 4.7  . 

Execute:  (a)  <I>,  - fyg  dA  - -Cm  j r 

<b>  For  any  closed  surface,  mass  OlJTSIDt  the  surface  contributes  zero  to  the  flux  passing  through  the  surface. 
Thus  the  formula  above  holds  for  any  situation  where  m is  the  mass  enclosed  bv  the  Gaussian  surface. 


That  is.  <l>t  JA  - -AxGAimml. 

EVALUATE:  The  minus  sign  m the  expression  for  the  flux  signifies  that  the  flux  is  directed  inward. 

22.60.  iDEvnrv  : Apply  jgdA-  -d.TG.U_,  . 

SET  UP:  Use  a Gaussian  surface  that  is  a sphere  of  radius  r,  concentric  with  the  mass  distribution.  Let  <2»/  denote 
j.g  >IA 

EXECUTE:  (a)  Use  a Gaussian  sphere  with  rxlius  r > R , where  R is  the  radius  of  the  mass  distribution,  g is 
constant  on  thrs  surface  and  the  flux  is  inward.  The  enclosed  miss  is. I/.  Therefore.  <2^  - ”#4.tj’  - -4xO.\f  and 

g - — — . which  is  the  sam:  as  for  a point  mass. 


(b)  For  a Gaussian  sphere  of  radius  r < R . where  R is  the  radius  of  the  shell.  Ai  . - 0.  ssi  g - 0. 


(e>  Use  a Ga 


spbrrc  of  radius  r<R%  where  R is  the  radius  of  the  planet.  Then  Af^,  - /»|  yTr  1 


A/rViU. 


This  gives  «t>l  - ~g4.T r'  - -4,t</A/Al  - -4.tC/  .1/  — and  g — . which  is  Imear 

R R 


EVALUATE:  Th:  spherically  synmetne  distributHHi  of  mass  results  in  an  acceleration  due  to  gravity  g that  is 

radical  and  tbit  depends  only  on  /*.  the  distance  from  the  center  of  the  mass  distributicei. 

22.61.  <a)  IDENTIFY:  Use  E (f ) fn>m  Example  |22.9>  (iusidc  the  sphere  I and  relate  the  position  vector  of  a point  inside 

the  sphere  measured  from  the  origin  to  tbit  measured  from  the  center  of  the  sphere. 

SET  UP:  For  an  insulating  sphere  of  uniform  charge  density  p and  centered  at  the  origin,  the  electric  field  inside 
the  sphere  is  given  by  E - Q/!  AzttR  (Example  22.9L  where  t'  is  the  vector  from  the  eenter  of  the  sphere  to  the 
point  where  E is  calculated 

Hut  p - AO' 4 zR  so  this  may  be  wntten  as  £ - pr/A^.  And  /:  is  radially  outward,  m the  direction  of 
r\  so  E = pfi  3«^. 
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for  a sphere  whose  center  rs  located  by  vector  b . a point  inside  the  sphere  and  located  by  r k located  by  the  vector 
r -r  ~b  relative  to  the  center  of  the  sphere*  as  shown  in  Figure  22.61. 


EXECUTE:  Thus  E 


p{r~b[ 


Evaluate:  When  6-0  this  reduces  to  the  result  ot*  Example  22.9.  When  r - h,  this  gives  E - 0.  which  is 
correct  since  we  know  that  E - 0 at  the  center  of  the  sphere. 

(b>  IDENTIFY:  The  charge  distribution  can  be  represented  as  a uniform  sphere  with  charge  density  p and  centered 
it  the  origin  added  to  a uniform  sphere  with  charge  density  -p  and  centered  at  r = 6. 

SET  Up:  E - £„Ui  t E^  . where  E^dmtt  is  the  field  of  a uniformly  charged  sphere  with  charge  density  p and 

Etmy  is  the  field  of  a sphere  located  at  the  bole  and  with  charge  density  -p.  (Within  th:  spherical  hole  the  net 
charuc  density  is  r p - p - 0. ) 


Execute:  E 


-1—.  where  r is 


vector  from  the  center  of  the  sphere 


-p{r~b) 


it  mints  inside  the  hole. 


Then  E - — 


EVALUATE:  E is  independent  of  r so  is  uniform  inside  the  hole.  The  direction  of  E insxle  the  bole  is  in  the 

direction  of  tbc  vector  b.  the  direction  from  the  center  of  the  insulating  sphere  to  the  center  of  the  hole. 

22.62.  IDENTIFY:  Wc  first  find  the  field  of  a cylinder  olfaxis.  then  the  electric  field  in  a hole  in  a cylinder  is  the 

difference  between  two  electric  fields:  that  of  a solid  cylinder  on -axis,  and  one  ofTaxis,  at  the  location  of  the  hole. 
SET  UP:  Let  r locate  a point  w ithin  tbc  hole*  relative  to  the  axis  of  the  cylinder  and  let  rv  locate  this  point  relative 
to  the  axis  of  the  hole.  l.ct  b locate  the  axis  of  the  hole  relative  to  the  axis  of  the  cylinder.  As  shown  in  figure  22.62*. 

r'af-l  . Problem  23.4K  shows  that  at  points  within  a long  imulating  cylinder.  E = - — 

pr'  plf-6)  . pr  p{t-i)  pb 

2*.  ' 2<,  * "2*  2*  " 2*.  ■ 

Note  that  E is  uniform. 

Evaluate:  If  tlie  hole  is  coaxial  with  th:  cylinder.  h - (land  £L.  - 0 . 


Execute:  E = - — 


' 


22  26  ampler  22 


22.63. 


22.64. 


IDENTIFY:  Hie  electric  held  at  each  point  » the  vector  sum  of  the  folds  of  the  two  charge  distrilr.it  H)ns. 

SET  Up:  Inside  a sphere  of  uniform  positive  charge.  E - - — . 

3*. 


i*R  4 xR' 


50  Or 

so  E - — ■ ■ ■ . directed  away  from  the  center  of  the  sphere.  Outside  a sphere  of  uniform 


4,7tf,tf 


positive  charge.  E - — . directed  away  from  the  center  of  the  sphere. 

EXECUTE:  (a)  x - 0.  This  point  is  inside  sphere  1 and  outside  sphere  2.  Tlx  fields  are  shown  in 
Figure  22.63a. 


K — i-L — - 0,  since  r - 0. 


4.T  tR 


Figure  22.63a 

O O 

E%  — with  r - 2ft  so  A\  . in  the  -a  direct  ion. 

* * l6.T4.fT 


Thus  E-E 


♦ E i. 

• l6.it.R- 


(b)  .v  - ft  2.  This  paint  is  inside  sphere  1 and  outside  sphere  2.  Each  field  is  directed  away  from  the  center  of  the 
sphere  that  produces  it.  Tlx  fields  arc  shown  in  Figure  22.63b. 

E,  - — — — with r -Rilto 

’ 4™.*“ 

E---2- 
*x\R' 


E 


Kith  r - IK  2 set  L - 


9xtR 


e,e-e^  e 


in  the 


- i -duectiou  and  tl  - - 


72 72*4;/?* 

(c)  a*  • R.  This  point  is  at  the  surface  of  each  sphere.  The  fields  have  rejual  magnitudes  and  opposite  direebons.  so 
E- 0. 

(d>  a*  • 3 R.  Ibis  point  is  outsxle  both  spheres.  Each  fteld  is  directe<l  away  from  the  center  of  the  sphere  that  produces 
it.  The  fiekis  arc  slxiwn  in  Figure  22.63c. 


Figure  22.63c 


with  r - 3 R so 


» T i » 

g 

J6«,R- 


E-  0 


g 

4 


E-  - — i — with  r - R hi  E . - 


g 

4.r«,R" 


E - £ - /'  - 


*g 


[he  t a direction  and 


lS.rc.fr  1 8Tc.fr 

EVALUATE:  The  held  of  each  sphere  is  radially  outward  from  the  center  of  the  sphere.  We  must  use  tlx  correct 
expression  for  fT(r)  for  each  sphere,  depending  on  whether  the  held  point  is  inside  or  outside  that  splxrc. 
IDENTIFY:  Hie  net  electric  held  at  any  point  is  the  sector  sum  of  the  fields  at  each  sphere. 

SET  IP:  Example  22.9  gives  the  electric  held  inside  and  outside  a uniformly  charged  sphere.  Fee  the  positively 
charged  sphere  the  field  is  radially  outward  and  foe  the  negatively  charged  sphere  the  electric  held  is  radially 
inward. 
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<c)  This  poont  is  outxid:  both  spheres,  at  a distance  r - R from  their  centers.  Both  fields  an:  in  the  *.v-direcl»on 


4xt,lR'  *‘J 

<d>  This  poont  is  outside  both  spheres,  a distance  r -3R  from  the  center  of  tlx  left  hand  sphere  anti  a distance 
r - R from  the  center  of  tlx  right-hand  sphere.  The  fxld  of  the  left-hand  splxrc  is  in  the  *.v -direction  and  the  field 

c 'U  Q If.  1 1 Q Q *0  : 


EXECUTE:  (a)  At  this  point  tlx  field  of  the  left  hand  sphere  rs  zero  and  tlx  field  of  the  right-hind  sphere  is  toward 

tlx  center  of  that  sphere,  in  the  •r -direction.  This  point  is  outside  the  right  -hand  sphere,  a distance  r - 2 R from  its 

center.  R = -t  — ! — r . 

4x<,  4 K 

(b)  This  poont  is  inside  the  left-hand  sphere,  at  r - R >2  . and  is  outside  the  right-hind  sphere,  at  r - 3R.'2  . Both 
fields  are  in  the  ♦a- direct  ion. 

E_  i IgWD Q_ 


1 

Q 

1 170; 

4«, 

2K:  9p . 

•Ira,  IS** 

of  the  neht-hand  sphere  is  in  the  —z-dircclion  . 


EVALUATE:  At  all  points  on  the  x-axis  the  net  field  is  parallel  to  the  r-axis. 

22.65.  IDENTIFY:  Let  -dO  he  the  electron  charge  contained  within  a spherical  shell  of  radius  /'  and  thickness  dr'. 

Integrate  / from  0 to  r to  find  tlx  electron  charge  within  a splxrc  of  radius  r.  Apply  Gauss's  hw  to  a sphere  of 
radius  r to  find  the  clectrx  field  £(r)  . 

SET  UP:  The  volunx  of  the  sphencal  shell  is  dV  « 4^r’:  d Y . 

Execute:  (■)  (?i>) -Q-fpjy = *'  V«fr (VV0'  - 


it/’ . 


Note  ifr 


C*'>  - Q-^r( - 2a,-  - 21 , Q.-  ‘ ' I HrlaJ  + 2 (r/a,)  + l\. 

°ca 

(Xr)  0 ; the  total  net  done  of  the  atom  is  zero. 


(b)  Tlx  clectrx  field  is  radially  outward.  Gauss's  law  gives  A<4;ti*'  ) - - and 

£=lQ,;>  *(20K)J-.2(r/a,»,l). 

(cl  The  graph  of  A'  versus  r is  sketched  in  figure  22.65.  What  is  plotted  is  tlx  scaled  A*,  equal  to  E t . versus 

scaled  r.  equal  to  rfa+  . £*rfV|  - — is  the  field  of  a point  charge. 

EVALUATE:  As  r ->  0 . the  field  approaches  that  of  the  positive  point  charge  (tlx  proton),  for  irxreasing  r the 
clectrx  field  falls  to  zero  more  rapidly  than  the  I fr*  dependence  for  a point  charge. 


Seated/ 
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figure  22.65 

22.66.  IDENTIFY:  The  charge  in  a spherical  shell  of  radius  / and  thickness  dr  is  dO  - p\r  \Axr:  dr . Apply  Gauss's  law. 
SET  Up:  Use  a Gaussian  surface  that  is  a sphere  of  radius  r.  Let  Q be  tlx  charge  in  tlx  region  r Z R:  2 and  let 
Qt  be  the  charge  in  the  region  where  Rt2$rZR. 


22-2*  diopter  22 


EXECUTE:  (a)  The  total  charge  i%Q-Q.- f Q, , where  O - a anj 


Ib»  For  r i R/2 . Gaun't  law  elver  /:4xr:  - ■ 1 "-  ami  E - — — — For  R/2  i.ri/1 . 

}*,  3c,  IS**,*1 

£4.t/-'  ■ & 4 1 [ to  [ ^ - */  «>  - £1- i and 
£ " -,4^^|64|r/g)'  - 48W  " '> ‘ ^-(M<r/U)'  - 48(r/R)‘  - 1|. 

For  rZR  . /?(4*rs) - £ and  £ - — 2__ . 

«.  4b*,' 

,c>  — - ; jL  _ 0.267. 

Q Q is 


„ , ISobK1  , W 

rherctoce.  (f ana  a 


24 


Sri? 


(d>  For  ri.RH  , F - - 


V<L; 


5zt.R 


rr  . so  the  restoring  tone  drpends  upon  displacement  to  the  first  power,  arxl 


we  have  simple  harmonic  motion. 

(e)  Comparing  to  F - - kr,  k - — 'll — Then  co  - * — 


and  r-ri-2B 


• 'J 


I5b*,«  Y”'.  Vl5’Vr™.  <“ 

EVALUATE:  <f ) If  the  amplitude  of  oscillation  is  greater  than  R 2.  the  force  is  no  longer  linear  in  r,  and  is  thus 
no  longer  simple  hirmonic. 

22.67.  IDENTIFY:  The  charge  in  a sphcncal  shell  of  radius  r and  thickness  Jr  is  JO  - pirWxr*  Jr . Apply  Gauss's  law. 
SET  UP:  Use  a Gaussian  surface  that  is  a sphere  of  radius  r.  Let  Q,  be  the  charge  in  the  region  ri  R:  2 and  let 
0,  be  the  charge  in  the  region  where  R ! 2 £ r £ R . 

EXECUTE:  <»)  The  total  charge  is  0 - 0 -f  0 . where  0 - 4*  f * tl—  Jr  till—  - 2-zaR‘  and 

**  2R  R 4 16  32 

ft  ■>  dr  - w(JL- 2L)  , ILboR1.  Therefore.  + * ^5*“*'  and 


4800 

2 


4z  e ' 3 ar 


(b>  For  r i Rf2 . Gauss's  law  gi\es  Ekzr1  - — | 

<,J*  2 R 2<,R 


and  E ^ 


bar1  lSOO/: 


16  t,R  233ffc_/f 


-.For  RjliriR . 


ii -(r’/iti-v* **■’*£. «■  L-L-Jl+JLl 

<,  «,  «,  «.  • :<  5#-  160  • 


£4.T':  - 


> ix’jlt'  4 saR 


i:s  t 


I V R I 51 


233.TV*  3U;  5U 


1920  I 


4*rr 


, since  all  the  charge  is  enclosed. 


fc)  The  fraction  of  0 between  R/2  ZriR  is^i-  ** ' 


- 0.807. 


Q 120  233 


Ull  E --  us,n8  c**hcr  of  Ihe  electric  field  expressions  above,  evaluated  at  r—RZ. 

EVALUATE:  (el  The  force  an  eketron  would  feel  never  is  proportional  to  -r  which  is  necevsary  for  simple 
harmonic  oscillations.  It  is  oscillatory  since  the  force  is  always  attractive,  hut  it  has  the  wrong  power  of  r to  be 
simple  harmonic  motion. 


Electric  Potential 
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23.1.  IDENTIFY:  Apply  Lq.(23.2l  to  calculate  the  work.  The  electric  potential  energy  of  a pair  of  point  charges  is  given 
byTq.(23.9). 

SET  UP:  Let  the  initial  position  of  o.  be  point  a and  the  final  position  he  point  6.  as  shown  in  Figure  23.1. 


r -0.150  tn 


9JJV  tr 


r.  = J(0.250  ml*  + (0.250  ml* 


rk  - 0.3536  m 


D250n 

Figure  23.1 


Execute:  U'  = 1/ 


v - :<i  ■ ■ 

4 4«  r 0.150  m 


V - -0.6184  J 


L\  = Ml  ^ (8.988  x 10v  N • m*  iC 

4rf,  n 


;•  ^2.(^2  40x10*  CK-4.30x  10  A C) 


3536  m 


l\  = -0.2623  J 


= </,  - -0.6184  J- (-0.2623  J)  = -0.356  J 

EVALUATE:  The  attractive  force  on  is  toward  the  origin,  so  it  docs  negative  work  on  q:  when  q:  moves  to 
larger  r. 

23.2.  Identify:  Apply  W^-V4-L\. 

SET  Up:  b\  = t5.4x!0  • J.  Solve  for  b\. 

Execute:  fr-.^  = -i.9xiox  j = «/4-f/A.  Uh=um-Hr^*\.9xlQ  ' J-<-5.4xiox  j)«  7.3x10*  j. 
EVALUATE:  When  th:  electnc  foeve  does  negative  work  the  ckelrical  potential  energy  increases. 

23.3.  IDENTIFY:  The  work  needed  to  assemble  the  nucleus  is  the  sum  of  the  ektfrical  potential  energies  of  the  protons 
in  the  nucleus,  relative  to  infinity. 

SET  UP:  The  total  potential  energy  is  the  scalar  sum  of  all  th:  individual  potential  energies,  where  each  potential 
energy  is  U = (1  '4.7<,  Mqq„  <'r).  Each  charge  is  c and  the  charges  an:  equidistant  from  each  other,  so  th:  total 

. . ...  I If  e*  e2\  3 

potential  energy  is  L — -t  — — 

4^<,  \ r r r ) 

Execute:  Adding  the  potential  energies  gives 

C'ri'XHI-  10*  N _ $ 46-  II)  ' J - 2.16  MeV 

Axtf  2.00  x 10  ' m 

EVALUATE:  Thrs  is  a small  amount  of  eiwgy  on  a macroscopic  scale,  but  on  the  scale  of  atoms.  2 MeV  is  quite  ; 
lot  of  energy. 
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23.4. 


23.5. 


IDENTIFY:  The  work  required  k the  change  in  electrical  potential  energy.  The  protons  gain  speed  after  being 
released  because  their  potential  energy  is  converted  into  kinetic  erwgy. 

(a)  SEr  UP:  Using  the  potential  energy  of  a pair  of  point  charges  relative  to  infinity.  V - <1  ■'  4/7f(i  K^,  *r )•  w have 

H'  = AU=U.-UI  ■ ^ 


I.  r 

EXECUTE:  factoring  out  the  c‘  and  substituting  numbers  gives 
If 


9.00  x 10*  Nm^/C*  Ml  .60x10  Cl  I ! — — 1-7.68x10  14  J 

" /^3.00xl0,5m  200x10  *'  ml 

(b)  SET  l*P:  The  protects  have  equal  momentum,  and  since  they  have  equal  trusses,  they  will  have  equal  speeds 
and  hence  equal  kinetic  energy.  A U - K , + A\  - 2 K - 2)  -«v‘  | - 111  v ,l. 


EXECUTE:  Solving  for  »•  gives  v - % - 1 ^S^IO^J  _ 6 ?s  x jq*  m(% 

ot 


1.67x10*  kg 


EVALUATE:  The  potential  energy  may  seem  small  (compared  to  macroscopic  energies),  but  it  is  enough  to  give 
each  proton  a speed  of  nearly  7 million  ms. 

(a)  IDENTIFY:  Use  conservation  of  energy: 

U for  the  pair  of  point  charges  is  given  by  Eq.(23.9). 

Set  Up: 


*-T 

0«  b>S''h  O 

rc  - O.fIMI  m 

* - (1400  r* 

Figure  23.5a 


Let  point  a be  where  <f:  k 0.800  m from 
and  point  h be  where  tf:  is  0.400  m 
trornu..  as  shown  in  Figure  23.5a. 


Execute:  Only  the  electric  force  docs  work,  so  If*  - I)  and  U - 


4tc,  r 

K.  -t<1.50«  10  ‘ kgM22.0  m *)'  - 0.3650  J 
' M „Q‘  N ■m»c»)<-2J0‘ 10  ‘ C*-7J0"  l0"  Q * >0.2454  J 


4xt  r 


V.  .-Lit- ».«S.  .O'  N m:  C ,<-^-»«>nl-7.gQ.,0-C-,  _ ^ 


4907  J 


0.400  m 


The  conservation  of  energy  cquition  then  gives  Kk  - K ^ -6*) 

lmv[  --  *03630  J r <0.2454  J - 0.4907  J ) - 0. 1 1 77  J 


0.1177  J | 
1.50x10  ' kg 


12.5  ms 


EVALUATE:  The  potential  energy  irxreases  when  the  two  positively  charged  spheres  gel  closer  togetta.  so  the 
kinetx'  energy  and  speed  decrease. 

<b>  IDENTIFY:  Let  point  c be  where  q:  has  its  speed  momentarily  redured  to  zero.  Apply  conservation  of  energy  to 
p cants  a and  c:  A\  +[/4+  ff  ^ = K + b\ . 
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23.6. 


23.7. 


SET  Up:  Points  a and  c arc  shown  in  Figure  23.5b. 

r.- 22X1 -A. 


I 


pQ*  o Of.  KXEClrre:  3630  J (from  port  (a)) 

__T  V = tO  2454  J (from  pan  (al) 


' -M'n 


'r  - •’ 

Figure  23.5b 

A - 0 (at  distance  of  closest  approach  the  speed  is  z^roi 


V = 


Ms 


4«,  r 


Thus  conservation  of  energy  A'  -f  U - 1/  gives 


Ms 


Itc,  r 


-03630  J 1 0.2454  J - 0.6084  J 


r , 1 **  .|S^8,lO-N.m-C'>|-->0-Kr0|-7M,-!0‘0 -0.323 

- 4.er((  0.6084  J -t0.60S4  J 

Evaluate:  U -f  as  r -♦  0 so  q:  will  stop  no  matter  what  its  initial  speed  is. 

iDEVnFY:  Apply  U - k and  solve  for  r. 

r 

SETUP:  =-7.2x10 * C . ^ = +2.3x10^  C 

r.  kqjix  (8.99x10*  N m3.C1K-7.20xl<rCX+2.30x  10  * C) 

U -0.400  J 

EVALUATE:  The  potential  energy  U is  a scalar  and  can  take  positive  and  negative  values. 

(a)  IDENTIFY  and  Set  UP:  V is  given  by  Ii<j.(23.9). 

EXECUTE:  V !— 

4£sr#  r 

L1  =(S.9SHxl0*  N m'.'C'  >'  ' 1,1  ^ — 11  * 111  ( ^ .0.198  J 

0.250  m 

E' VALL  ATE:  The  two  charges  arc  both  of  the  same  sign  so  their  electric  potential  energy  is  positive. 

(b)  IDEVnFY:  Use  conservation  of  energy:  K%  + Lr#  -t  - Kk  + U{ 

SET  Up:  Let  point  a be  when:  q is  released  and  point  h be  at  its  final  position,  ax  shown  in  Figure  23.7. 


= > n = 

i f ■■ 


EXECITll:  Ks  - 0 (released  from  rest) 

VA  = *tO.I98  J (from  part  <a» 

= W 


Figure  23.7 

1 q(> 

Only  the  electric  force  docs  work,  so  WA%m  - 0 and  U — 

4<et;,  r 

(it  n = 0.500  m 


[A  « -Li2 - <8.**- 10‘  N . m:.'C" )^-6Q»IOtCXH.20xlO-Cl  _ ,0  (W,  , 
* 4f«,  r 


0.51X1  m 

Then  K,  +U  -K,rUf  gives  K,-U-U,  and  lim;  =U .-(A  ami 


* = ,f  , J.il2  HJ-°,  ~ V . 26.6  nVs. 

*'  m ^ 2.80-10  'kg 

(ii>  rK  - 5.00  m r.is  now  ten  times  larger  thin  in  (i)  so  6’  k ten  times  smaller:  Uk  - t0.0992  J/10  - •0.00992  J 


ML-Vd=  2,'O.I98i-0<K0992J|;367m. 
*'  2.80x10  ki» 
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23.8. 


23.9. 


23.10. 


(iii)  j;  -50.0  m 

rK  is  now  ten  tinxs  larger  than  xn  <ii)  so  Us  is  ten  times  stmllcr 


U = +0.<M992  J.'IO  - -fO.000992  J. 


l(UA  - Ut.)  /2<+0.198  J-0.IXK1992  J| 
180x10 4 ku 


37.5  ms. 


EVALUATE:  The  force  between  the  two  charges  is  repulsive  and  provides  an  acceleration  to  q.  This  causes  the 
speed  of  q to  increase  as  it  moves  away  from  O. 

IDENTIFY:  Call  the  three  charges  1.  2 and  3.  U =Ut3  +U ;l  +U\k 

UP:  Uti  = U2l  - l/ti  because  the  charges  an:  equal  and  each  pair  of  charges  has  the  same  separation.  0.500 

W 24(1.2  x 10  *cf 


EXECUTE:  L - 


- <KQ7S  J. 


0.5CO  m 0.500  m 

EVALUATE:  When  the  three  charges  arc  brought  in  from  infinity  to  the  corners  of  the  triangle,  the  repulsive 
electrical  forces  between  each  pair  of  charies  do  negative  work  and  electrical  potential  energy  is  stored. 


Identify:  u - k 


Mi  . Mi  . Mi 


Set  Up:  In  part  <ak  rl2  - 0200  m . r2i  - 0.100  m and  rl%  - 0.  IX  m.  In  part  <b(  fct  particle  .1  have  coordinate  r.  so 
rl2  = 0.200  m . ij,  =x  and  r2)  - 0.200  - x. 

Execute:  ,.)  6-  a if <4 0,1  nC|,-V00 nCl . ,4 0> "C><2-0B "9  + ' J 
l (0.200  ml  (0.100  m)  (0.100  m)  ) 


111)  If  IS  s0,  then 


)-*  «*+£&< 

rM  * 


- X 


Solving  for  V we  find: 


! - - 60  -f  — 

a 0.2  -x 


60xJ  - 26 v + 1 .6  = 0 =>  x = 0.074  in.  0.360  m.  Therefore,  x - 0.074  m since  it  is  the  only 


value  between  the  two  charges. 

EVALUATE:  U is  positive  and  both  (/  and  U 


negative.  If  t’-O.  then  For 


x — 0.07 4 m . U 


+9.7  x 10  : J , U.  - 


3x10  J and  6*  = -5.4  x 10  J.  It  is  true  that  6’  = 0 at  this  .r. 


IDENTIFY:  The  work  di?nc  on  the  alpha  partxlc  rs  equal  to  th:  ditTerencc  in  its  potential  energy  when  it  is  moved 
from  the  midpoint  of  th:  square  to  the  midpoint  of  ooc  of  the  sides. 

SET  UP:  We  apply  the  formula  - L\  -L\.  In  this  case,  a is  the  center  of  the  square  and  h is  the  midpoint  of 
one  of  the  sides.  Therefore  ((tk  * 

Then:  are  4 electrons,  so  the  potential  energy  at  the  center  of  the  square  is  4 turns  the  potential  energy  of  a single 
ilpha  electron  pair.  At  the  center  of  the  square,  the  alpha  particle  is  a distance  rt  - ^50  nm  from  each  electron  At 
the  midpoint  of  the  sid:.  the  alpha  is  a distance  r%  ™ 5.00  lun  from  the  two  nearest  clcctrcms  and  a distance  r2  — 

^125  nm  from  the  two  most  distant  electrons.  Using  the  formula  foe  the  potential  energy  (relative  to  infinity)  of 
two  point  charges.  U - |l/4.TcMw,/r).  the  total  work  is 


•'V 


-2 


Substituting  q4  - € and  q a • 2c  and  simplifying  gives 

H' 


-Li- J 

4«,  r.  , r 

EXECUTE:  Substituting  the  numerical  values  into  the  equation  fee  tfo:  week  gives 


il 


5.08 x io  * j rrr 


EVALUATE:  Since  the  work  is  positive,  the  system  has  more  potential  energy  with  the  alpha  pirtiele  at  the  center 
of  the  Kiuore  than  it  docs  with  it  at  the  midpoint  of  a side. 
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23.11. 


23.12. 


23.13. 


23.14. 


IDENTIFY:  Apply  I:q.<23.2).  The  net  work  to  being  the  charges  in  from  infinity  is  equal  to  the  change  in  potential 
energy.  *H>c  total  potential  energy  is  the  sum  of  the  potential  energies  of  each  pair  of  charges,  calculated  from 
E<M23.9). 

SET  Up:  Let  1 be  where  all  the  charges  are  infinitely  far  apart.  Let  2 be  where  the  charges  are  at  the  comers  of  the 
thaneV.  as  shown  in  Figure  23.1 1. 


Let  q be  the  third,  unknown  charge. 


Execute:  W - -ALr  ^ -<L\  -U  } 


U = 0 


[/,«[/.+*/  +CA  ■ — — 
4 X€d 


Want  W = 0.  so  IF  = -<(A  -Lr.)  gives  0 - -b\ 


4rc.rf 


q:  -f  2^,  - 0 and  q,  - -q;2. 

EVALUATE:  The  potential  energy  for  the  two  charges  q is  positive  arx!  fee  c:xh  q with  q.  it  is  negative.  There  are 
two  of  the  q.  q.  terms  so  must  have  qt  < q. 

IDENTIFY:  L*se  conservation  of  energy  U4  + AT_  = L\  ♦ K%  to  find  the  distance  of  closest  approach  rK.  The 
force  is  at  tlx  distance  of  closest  approach. 


nuAimunv 


SET  Up:  Kk  - 0.  Initially  the  two  protons  are  far  apart,  so  Um  - 0.  A proton  has  mass  1.67  x 10  kg  and  charge 

fs+fa+l.eOxlO1*  c. 

Execute:  A'_  =C\.  2(i<m->-*i-^.  jnd 

r,  r. 

ke!  (8.99-10"  N XI  60x10  " C)' 

' ” (167-10  ‘ kgXl.00-10"  m'*|J 

F-kU-  (8.99 . 10"  N m'/C’  ° - 0.0 1 2 N. 

r;  (1.38x10  " C|‘ 

EVALUATE::  The  acceleration  a - Ffm  of  each  proton  produced  by  this  force  is  extremely  large. 

IDENTIFY:  E points  fn>m  high  potential  to  low  potential,  - V - 


38x10  m. 


SET  UP:  The  force  on  a positive  test  charge  is  in  the  direction  of  E 

Execute:  V decreases  in  the  eastward  direction.  A is  east  of  B%  so  Vk  > Vt.  C is  cast  of  A,  so  Vt  < Vt.  The  force 
cm  a positive  test  charge  is  east,  so  no  work  is  done  on  it  by  tlx  electric  force  when  it  moves  due  south  (the  force  and 
dispkxcmcnt  are  perpendicular  l.  and  Vf,  - VA. 

EVA1.UATE:  The  ckxlric  potential  is  constant  in  a direction  perpendicular  to  the  ekctric  field. 

IDENTIFY:  —1  ^ \\  - \\.  For  a point  charge.  V - — 

r 

SET  Up:  Each  vacant  comer  is  the  some  distarxe.  0.200  in.  from  each  point  charge. 

EXECUTE:  Taking  the  origin  at  the  center  of  the  square,  the  symmetry  means  that  the  potential  is  the  same  at  the 
two  corners  ixit  occupied  by  the  -f  5.00  // C charges  This  nxons  that  no  net  work  is  dime  is  moving  from  ocx  corner 
to  the  other. 

EVALUATE:  If  the  charge  q moves  along  a dugonal  of  the  square,  the  clcctrxal  force  does  positive  work  for  port 
of  the  pith  and  negative  work  fee  another  part  of  the  path,  but  the  net  work  done  is  zero. 
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23.15.  IDENTIFY  and  SET  Up:  Apply  consen'atkin  of  energy  lo  points  A and  B. 

Execute:  A',  +UA  = Kg+UM 

U-9V.  *>K.  + qV..K,  + qVt 

K„  - K , + qtV,  - 1',)  - 0.00250 1 » (-5.00. 10  * CM 200  V -800  V)  = 0.00550  J 

v,  - ^2Ktlm  - 7.42  m < 

EVALUATE:  It  is  faster  at  B;  a negative  charge  gains  speed  when  it  moves  to  higher  potential. 

23.16.  IDEYT1FY:  The  work-energy  theorem  says  W - A'  - K - V -K. 

? 

SET  Up:  Point  u is  the  starting  and  point  h is  the  ending  point.  Since  the  fWld  is  uniform. 

H'  ^ - Fsco%$-  £|i/|»co%d  The  field  is  to  the  left  so  the  force  on  the  positive  charge  is  to  the  left.  The  particle 
moves  to  the  left  so  ^ - (f  and  the  work  Wm  ^ is  positive. 

EXECUTE:  (a)  = A'a-A^  =1.50x10"*  J -0»  l.SOxlO*4  J 

<b»  »'  - V%  - ll-  - j ' j'' , * - 357  V.  Point  a it  at  higher  potential  than  point  h. 

<c)  flair  = W ..to  £ ~ » 5.95«  10  V/m. 

^ TF  ' *00-10  m 

EVALUATE:  A positive  charge  gains  kinetic  energy  when  it  moves  to  lower  potential;  \\  < U . 

23.17.  IDEVIIFY:  Apply  the  equation  that  precedes  I:q.|23.17):  If  ^ /: 

SET  UP:  Use  coordinates  where  +y  is  upw  ard  and  -ta  is  to  the  right.  Then  £ = £j  w ith  £ - 4 <10*  I04  N C. 
(a)  The  path  is  sketched  in  Figure  23. 1 7a 


" I *> 

Figure  23.17a 


Execute:  k df  =(£>*)  (</«*>  - o so  rr  ^ £ dr  ^ o. 

EVALUATE:  The  electric  force  on  the  positive  charge  is  upward  (in  the  direction  of  the  electric  field)  and  does  no 
work  for  a horizontal  displacement  of  the  charge. 

<h)  SET  Up:  The  path  is  sketched  in  Figure  23. 17b. 


Figure  23.17b 


•« 


Execute:  j?  J * (£})■  (d\j i - Edy 

- *■£*  <*  - tfEf/y  - fl'fO;  - >. ) 

yk  - v = -tO.670  m.  positive  since  the  displacement  is  upward  and  w*e  have  taken  ry  to  be  upward 

(’28.0- 10  v CM4.00.IO*  NC)(+0£70  ml  = r7_50x  10'  J. 

EVALUATE:  The  electric  force  on  the  positive  charge  is  upward  so  it  docs  positive  wojfc  for  an  up^'^ni 
displaremcnt  of  the  charge. 


Elcctxk  Potential  23-7 


(c>  Set  Up:  The  txith  is  sketched  in  Figure  23. 1 7c. 


• 

y+m-rsixiO  *-{260  m)sin45°- -1.838  m 
The  vertical  oocnponeot  of  the  2.60  m 
displacement  is  I.K3K  m downward. 


Figure  23.17c 


Execute:  iH  = dxi  ♦ d\j  <Thc  dispixement  has  both  horizontal  and  vertical  components.) 

E ifl  =(fi)*(dd  ♦ d\j)  - EtS\  (Onlv  the  vertical  component  of  the  displacement  contributes  to  the  work.) 


r - tf'E  <a  - qtf'jy  - «,'£<>;  - y.  i 


-r.)-(+2MI».IO-CK«OKlO*  N/CM-1.838  ml  - -2.06x10  ' i. 

EVALUATE:  The  electric  force  on  the  positive  chirgc  is  upward  so  it  docs  negative  work  for  a dtsplaccnxnt  of  the 
charge  that  has.  a downward  component. 

23.18.  Identify:  Apply  A'„ 

SET  UP:  Let  qt  - -t3.<10  nC  and  q2  - -f2.(Xl  nC.  At  point  a.  - 0.250  m . At  point  h,  r;*  - 0. 100  m and 

r*  - 0.400  m . The  electron  has  q = -e  and  -9.1 1x10  11  Ig  . A.  = 0 since  the  electron  is  released  from  rest. 

Execute: 

' i . 'i.  »l*  r»  2 

E.=K.+V.ak(-lM*lff*C)( p-00*10  *c>  t.<2-00*10  *.2]a-2.88xl0"  J . 

1.  0.250  m 0.250  m ^ 

£. -X.  +H  ,*<-1.60.  .0  " j - 1„. - - 5 04  « ,0  • J . ii, 

\ 0.100  m 0.400m  ) 2 2 


Selling  £.  - £, gives  = ^___i___(S04  - 10  " J - 2.SK x 10  " J|  ^ 6.S9 x 10*  m/s. 

Evaluate:  \\  - Vu  tl'^sl K0  V.  \\  = V+  + 1^  = 315  V.  \\  > F4 . The  negatively  charged  electron  gains  kinetic 

energy  when  it  moves  to  higher  potential. 

kq 

23. 19.  IDENTIFY  and  SET  UP:  For  a point  charge  V . Solve  foe  r. 


r a x kq  (8.99x10*  N m‘.CJX2.50xI0  " C)  _ ro  lal  , 

Execute:  (a)  r ■ - — 2.50x  10  m - 2.50 

V 90.0  V 

(b)  Vr  - kq  - constant  so  Vtrt  - V2r2  . r*  a jjl  L-  I - (2.50  mm  l|  / [ - 7.50  mm  . 

6 j ft  t 1 C 


EVALUATE:  The  potential  of  a positive  charge  rs  positive  and  decreases  as  the  distance  from  the  point  charge 
increases. 

23.20.  IDENTIFY:  The  total  potential  is  the  scalar  sum  of  the  individual  potentials,  but  the  net  clcctnc  field  is  the  vector 
sum  of  the  two  fields. 

SET  UP:  The  net  potential  can  only  be  zero  if  one  charge  is  positive  and  the  other  is  negative,  since  it  is  a scalar. 
The  clcctnc  field  can  only  be  zero  if  the  two  fields  poant  in  opposite  directions. 

Execute:  (si)  (i)  Since  both  charges  have  the  same  sign,  there  are  no  points  for  which  the  potential  is  zero. 

(ii|  The  two  electric  fields  are  in  opposite  directions  only  between  the  two  charges,  and  midway  between  them  the 
fields  have  equal  migmtixlcs.  So  £ - 0 midway  between  the  chirgcs.  but  V is  never  «o. 

<b)  (i)  The  two  potentials  hive  equal  magnitude  but  opposite  sign  midway  between  the  charges.  oF-0  midway 
between  the  charges,  but  £ < 0 there  since  tlx  fields  point  in  the  ame  direction. 

< ii I Between  the  two  charges,  the  fields  point  in  the  same  direction,  so  £ cannot  be  zero  there.  In  the  otlxr  two 
regions,  the  field  due  to  tlx  nearer  charge  is  always  greater  than  the  field  doc  to  the  more  distant  chirgc.  so  they 
cannot  eaixel.  lienee  £ is  not  zero  anywhere. 

EVALUATE:  It  docs  not  follow  that  tlx  clcctnc  field  is  zero  wtxrc  the  potential  is  zero,  or  that  tlx  potential  is  zero 

where  the  elcdric  field  is  zero. 
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23.21. 


Identify:  V Y — 

**  * . JJ 

SET  Up:  The  locations  of  the  changes  and  points  .1  and  B arc  sketched  in  Figure  23.2 1. 


Figure  23.21 


Execute: 


•*)  V.  = 


4.7«. 


<10*  N 


,CJ)  ,2.40.10 


t:  -6.50- 10 ‘c 


1.050  m 


0.050  m 


- -737  V 


=<8.988x10'  N-mVC1) 


+240.10'“  C 
0 0H0  m 


-650.  IQ' (^-^y 
0.060  m ) 


23.22. 


<cl  IDENTIFY  and  SET  UP:  Use  Eq.(23. 13)  and  the  results  of  parts  (a)  and  <b>  to  calculate  IF 
Execute:  WM^=q\VM  -rj  = (2.50x  10^ ex-704  V-(-737  V))  = +8.2*  10  4 J 

Evaluate:  The  cloctric  force  does  positive  wo tk  on  the  positive  charge  when  it  moves  from  higher  potential 
(poant  B)  to  lower  potential  (point  A). 

IDENTIFY  : For  a point  charge.  V - — - . The  total  potential  at  any  point  is  th:  algebraic  sum  of  the  potentials  of  the 

r 


two  charges. 


Execute: 


<b)  r;-2 


-Li. 

4tc,  a 


Elects*:  Potential  23-9 


23.23. 


23.24. 


<d)  The  graph  of  V vctxus  x is  sketched  in  figure  23.22b. 
V 


much  greater  than  their  separation.  Ih:  two  chirgcs  act  like  a .single  point  charge. 

IDENTIFY:  for  a point  charge.  V - — . The  total  potential  at  any  point  is  the  algebraic  sum  of  the  potential*  of  the 

r 

two  charges. 

SET  Up:  (a)  The  positions  of  the  two  charges  arc  shown  xn  figure  23  23. 

Execute:  <b)  y + 

r r 

<c)  The  potential  along  the  x-axix  is  always  zcto.  so  a graph  would  be  flat. 

<d)  If  the  two  charges  are  interchanged,  then  the  results  of  (bl  arxl  (cl  still  hold  The  potential  is  zero. 

EVALUATE:  The  potential  is  zero  at  any  point  on  the  .t*axts  because  any  poem  on  the  r-axis  is  equidistant  from  the 
two  charges. 


IDENTIFY:  For  a point  charge,  Pill.  The  total  potential  at  any  point  is  tlx  algebraic  sum  of  the  potentials  of  the 

y 

two  charges. 

SET  Up:  Consider  the  distances  from  the  point  on  the  r*axis  to  each  charge  for  the  three  region* 

(between  the  two  charges).  y > a I above  both  charges } and  y < -a  (below  both  charges). 

— — — — — — r-  y>a:V— *3— J3-.  Z}**  . 

(o'.v)  (o-.v)  y‘-a‘  ■ («t»|  y — a f - a' 

- kq  kq  2kqa 


EXECUTE:  (a)  |y|<<r:l' 
\<-aiV 


■* >»  (->•*•') 

A general  expression  valnl  for  any  i*  is  V = k . 

\y-“i  i y+a 

(b)  The  graph  of  V versus y is  skctclxd  in  figure  23.24 

M y»a:ymyT7*-y1 

(d)  If  the  charges  are  intcrvhanecd.  then  the  potential  i*of  the  cepoate  sign. 
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23.25. 


EVAU'ATB:  V = 0 at  v - 0 . V — > +*>  at  the  positive  charge  it  approarhed  and  V —>  as  th:  negative  charge  is 

ifproirheil 


Figure  23.24 


IDENTIFY:  For  a point  charge,  I' . The  total  potential  at  any  pmnt  is  the  algebraic  sum  ot’tbc  potentials  at*  the 

r 

two  charges. 

SET  l.’P:  (a  t The  positions  of  the  two  charues  arc  shown  m I: cure  2.1  ,25a. 


0 


D 


lb)  x>j  :T=  — - 

.t  x — 


2kq  -kqix  + a) 


Figure  23.25a 

2A*  kqOx-a\ 


xix-ai 


<x<a:V~  — - 

x d-r  a<x-*i) 


x<Q:V 


- hj  2kq  kq(x  + a} 


x x - a xyx  - a 1 

(c)  The  potential  is  zero  at  x = - a and  a *'3. 

(d)  The  graph  of  V versus  x is  sketched  in  future  23.25b. 


A general  e.xpiestion  valid  for  any  v rt  V 


ii*i  i-<- 


which  it  the  same  at  the  potential  of  a point  charie  q.  Far  from 


Evaluate:  (e)  For  x » a : V * — 2_  - 

x*  x 

the  two  charges  they  appear  to  be  a posit  charge  with  a charue  that  is  the  algebraic  sum  of  their  two  charges. 
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23.26. 


23.27. 


23.2*. 


23.29. 


IDENTIFY:  Foe  a point  charge.  F - — . The  total  potential  at  any  point  is  the  algebraic  sum  of  tlx  potentiate  of  the 

r 

two  charges. 

SET  UP:  Tlx  distance  of  a point  with  ccxmhnate  i from  the  positive  charge  is  lyl  and  the  distance  from  the 


negative  charge  is  r - Ja’  + v 
Execute:  <»>  V 


*L-2*lmSui  1 - 2 I 

\y\  r U>*i  4Z7/J 

|b>  V - 0.  when  r*  - — o 3 ra  - a3  =>  y = ± 

4 \*3 

|c)  Tlie  graph  of  V versus y is  sketched  in  Figure  23.26.  V —>  as  the  positive  charge  at  the  origin  is  approached. 
Evaluate:  (d  l y » a : V * Ai/|  -1-  - — I - - which  is  the  potential  of  a point  charge  -q  . Far  from  the  two 

\y  y)  y 

charges  they  appear  to  be  a point  charge  with  a charge  that  is  the  algebraic  sum  of  (heir  two  charges. 

V 


Identify:  Km  + qV,  = + qV> . 

SET  UP:  Let  point  a be  at  the  cathode  and  let  point  hbc  at  the  anode.  = 0 . Vh  - Vm  - 295  V . An  electron  has 
- -e and  r?*9.l  1x10°'  kg. 

Execute:  Kt  = 1’  -I')  a -(1 .60*  10""  C«-  295  V)  - 4.72  x 10  " J . K,~  i«»2 . «. 


fa4.72xl0"l,a,  , 

* ^ 9.1 1 -10”  kg 

EVALUATE:  The  negatively  charged  electnwi  gains  kinetic  energy  when  it  moves  »o  higher  potential. 
lDF.vnn : For  a point  c targe,  E - and  K - — . 

SET  Up:  The  electric  fickl  is  directed  toward  a negative  charge  and  away  from  a positive  charge. 
Execute:  (a)  v>o  so  q> o.  1-  > ’ JflVllU/.  n.49SV  =0.415 m. 


•?p 


2.0  V m 


|h>^±-.<04l5"?Hy»v>  a130xl0"C 
A 8.99x10'  N m*  C* 

Icl  ^ >0  . so  the  eleclrx  field  ss  directed  away  from  the  e targe. 

EVALUATE:  The  ratio  of  V to  E due  to  a point  charge  increases  is  the  distance  r from  the  charge  increases,  because 
E falls  off  as  1/r'  and  V falls  oft*  as  1 tr . 

(a)  IDENTIFY  and  SET  UP:  The  direction  of  E is  always  from  high  potential  to  low  potential  so  point  b is  at 
higher  potential. 

(b>  Apply  Ilq.123.l7)  to  relate  Vh-Vm  to  E. 

Execute:  l\  - 1'  - -J‘  E df  »J *Edt  ^ E(xt.  - x . ). 

*;-r  +240  v 


L = 


Y<  - \ 0.90  m - 0.60  m 


V m 


23-12  Chapter  23 


<c>  ...  « </<K  ~K)*  (-0.200 x 10  * CX+-240  V)  ^ -4.S0x  10  5 J 

EVALUATE:  The  electric  force  docs  negative  wwk  on  a negative  charge  when  the  negative  charge  move*  from 
high  potential  (poant  6)  to  low  potential  (point  a). 

23.30.  IDENTIFY:  For  a point  charge.  V - — . The  total  potential  at  am*  point  is  the  algebraic  sum  of  the  potentials  of  the 


Xlfll 

two  charges.  For  a paint  charge.  E - _LJ  . The  net  electric  field  is  the  vector  sum  of  the  electric  fields  of  the  two 

r* 

charge*. 

SET  UP:  E preduccd  by  a paint  charge  u directed  away  from  the  point  charge  if  it  is  positive  and  toward  the 

charge  if  it  is  negative. 

EXECUTE:  (a)  V = + >0.  so  V is  zero  nowhere  except  for  infinitely  far  from  the  charges.  The  fields  can 

cancel  only  betw  een  the  charges,  because  only  there  are  the  fields  of  lb:  two  charges  in  opposite  direction*.  Consider 

kQ  k(2Ql 


point  a distance  x from  (/  and  a - x from  20,  as  shown  in  IiL’urc  23J(a.  f - E 


l -ao 


I,/-  VI 


-1,- . 


X - 


__  The  other  root.  .»•  — ii-w.  does  not  lie  between  th:  charges. 

7: 


(b>  I' can  be  zero  in  2 place*.  A and  B,  as  shown  in  Figure  23.30b.  Point  A is  a distance  .r  from  -{)  and  d — x from 

20.  B is  a distance  y from  -Q  and  d -f  v from  20.  At  A : - - 0 -»  x - d/3  . 

x d-x 


AtB*iZ&  + *m.0->y-d. 
y d + y 

The  two  electric  fieldx  are  in  opposite  directions  to  the  left  of  -{)  or  to  the  right  of  20  in  Figure  23.30:  But  for  the 
magnitudes  to  be  equal,  th:  point  must  be  closer  to  the  charge  with  smaller  magnitude  of  charge.  This  can  he  the 
case  only  in  the  region  to  the  left  of  -Q . EQ  - E^  gives  ^ > . are!  x - .j!  . . 

EVALUATE:  <d>  E and  Tare  not  zero  at  the  sanx  places.  E is  a vector  and  V is  a scalar.  E is  proportional  to  l/r* 

uxl  V rs  proportions!  to  Vr  . E is  related  to  the  force  on  a test  charge  and  AV  is  related  to  the  work  done  on  a test 
charge  when  it  moves  from  one  point  to  another. 

V 20  -Q 


Figure  23.30 


I" 


23.31.  IDENTIFY  anil  Set  IP:  Apply  conservation  of  energy.  tq.(23J).  Use  Hq.<23. 12)  lo  express  L'in  term*  of  »' 
(a)  EXECinv:  K,  *q\\  - K,  * </ V \ 

qiK  - V, ) ^ K,  - AT,;  9 = -1 .602  x 10  " C 

AT,  - iirr.i’  = 4.099 x 10  ' J;  K,  - -2.915x10'"  1 

iso  v 

EVALUATE:  The  electron  gains  kinetic  energy  when  it  moves  to  higher  potential. 

<b>  EXKCTTE:  Sow  K,  -2.915x10  J.  K.  - 0 


»;-r,  A'~  — 1 - .is2  v 

9 

EVALUATE:  The  clortrun  loses  kinetic  energy  when  it  moves  to  lower  potential 

23.32.  IDENTIFY  and  SET  Up:  Expressions  for  the  electric  potential  inside  and  outside  a solid  conducting  sphere  are 
derived  in  Example  23.8. 

EXECUTE:  (a)  This  is  outside  the  sphere,  so  V ‘ — — 65.6  V. 

r 0.4S0  m 

<b>  This  is  at  the  surface  of  the  sphere,  so  V — — — — — 131V. 

0.240  m 

(cl  This  is  inside  the  sphere.  The  potential  has  the  same  value  as  at  the  surface.  13 1 V. 

Evaluate:  All  points  of  a conductor  arc  at  the  same  potential. 
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23.33. 


23.34. 


23.35. 


(a*  IDENTIFY  and  Sit  Up:  The  electric  field  iwi  the  ring's  axis  is  calculated  in  Example  2 1 . 10.  The  force  on  the 
clectrcm  exerted  by  this  field  is  given  by  Eq.|21.3). 

EXECUTE:  When  the  electron  is  on  either  »de  of  the  center  of  the  rag.  the  ring  exerts  an  attractive  force  directed 
toward  the  center  of  tlx  ring.  This  restoring  force  produces  oscillatory  motion  of  tlx  electron  along  the  axis  of  tlx 
ring,  with  amplitude  30.0  cm.  The  force  on  the  electron  is  not  of  the  form  F — -kx  so  the  oscillatory  motion  is  not 
simple  harmonic  motion. 

(b>  IDENTIFY:  Apply  conservation  of  energy  to  the  motion  of  tlx  electron. 

SET  UK  K,  + L\  - Kk  b\  with  a at  the  initial  position  of  the  electron  and  b at  the  center  of  tlx  ring.  From 
1 Q 

I. sample  23.1 1.  V where  R is  tlx  rahus  of  the  ring. 

4 JT+ie 

Execute:  xm  = 30.0  cm.  xk  - o. 

A'„  - 0 (released  from  res).  K( 

Tluis  Aim*'  = t/  -Vk 


And  U - qV  - -eV 


- ,8.988.10'  N m^C1)-  i 

yjxl  + R*  yj( 0.300  m)1  + (0. 1 50  m>* 

Vm  ^ 643  V 

‘ -(8.9S&.I0*  N ,'/Cl)^l,llt‘  C 


4<Tr*  J*i  + 


1 138  \ 


F-”2"10  C8 1 438  V ~ 6l.t  V>  _ , 67 . iq' m.'s 
9.109x10  kg 

EVALUATE:  The  positively  charged  ring  attracts  tlx  negatively  charged  electron  and  accelerates  it.  The  electron 
has  its  maximum  speed  at  this  paint.  When  the  electron  moves  post  the  center  of  the  ring  the  force  on  it  is  opposite 
to  its  motion  and  it  slows  down. 


iDEVniY:  Exampk  23. 10  show's  that  for  a line  of  charge.  V - V — Inft/r  ) . Apply  cortservatitei  of  energy 

2a<. 

to  tlx  motion  of  the  proton. 

SET  l.'P:  Let  point  a be  1H.0  cm  from  the  line  and  let  point  h be  at  the  distance  of  closest  approach,  where  Kk  - 0 . 
Execute:  <a>  K,  = i< l.67xl o r kgHI.S0.10'  mb)1  = 1.88x10°'  I. 

f2«. 


lb.  * *qV  = Kh  *qVt . r - 1,  - 88,10  J . 


0.01 175  V . fall.-  r - (-0.01 175  V) . 

1.60.10  “ C Mi 


;^,|-°.o|nsv>  .|0.l80ml(;xp  _2.TM0.QI 1 75V,  _0|58m 
?.  5.00*10  Cm 


EVALUATE:  The  potential  increases  with  decreasing  distance  from  tlx  line  of  charge.  As  tlx  positively  charged 
proton  approaches  the  line  of  charge  it  gains  dec  local  potential  energy  and  loses  kinetic  energy. 

IDENTIFY' : The  voltmeter  measures  the  potential  ditTcrcncc  between  the  two  points.  We  must  relate  this  quantity  to 
the  linear  charge  density  on  the  wire. 

SET  UP:  For  a very  long  (infinite)  wire,  the  pxitcntul  difference  between  two  [Hunts  is  AF  - - ln(j;  frA ) . 

Execute:  (a)  Solving  for  /.  gives 

575  V 


ln<r'y,M  (18.10'  N-mVc'Iln 


3.50  cm 

2.50  cm 


- 9.49  x 10  ‘ C m 


<b>  The  meter  will  read  less  than  575  V because  the  electric  field  rs  weaker  over  this  1.00  cm  distance  than  it  was 
over  the  1.00-cm  distance  in  part  (a). 

<c>  The  potential  dificreixc  is  zero  because  both  probes  arc  at  tbc  same  distance  from  tlx  wire,  and  hetxc  at  the 
same  potential. 

EVALUATE:  Since  a voltmeter  measures  potential  difference,  we  are  actually  given  A K even  though  that  is  not 
stated  explicitly  in  the  pvoMcm.  Wc  must  also  be  careful  when  using  the  formula  for  the  potential  difference  because 
each  r is  the  distance  from  the  center  of  the  cylinder,  not  from  the  surface. 
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IDEN11FY:  The  voltmeter  reads  the  potential  difference  between  the  two  points  where  the  prohex  arc  pl&red. 
Theref»>rc  we  must  relate  the  potential  ditVerer.ee  to  th:  distances  of  these  points  from  the  center  of  the  cylinder.  For 
points  outside  the  cylinder,  its  electric  held  behaves  like  that  of  a line  of  charge. 

SET  UP:  Using  A3'  - bn|i;  ft \ ) and  solving  for  rA.  we  have  rk  - i . 


D 64 K . which  gives 


EXECUTE:  The  exponent  is  * •>1  • H1  N i 0.64K , which  gives 

15.0x10  Cm 

- (2.50  cm)  e'  u%  - 4.7S  cm. 

The  distance  above  the  vutface  it  4.78  cm  - 2.50  cm  - 2.28  cm. 

Evaluate:  Since  a voltmeter  measures  potential  difference.  we  are  actually  given  A I'  even  though  that  is  not 
ttated  explicitly  in  the  fVoMem.  Wc  mutt  also  be  careful  when  using  the  formula  for  the  potential  difference  because 
each  r is  the  distance  from  the  center  of  the  cylinder,  not  from  the  surface. 

IDENTIFY:  For  points  outtxlc  the  cylinder,  its  electric  field  behaves  like  that  of  a line  of  chirge.  Since  a voltmeter 
reads  potential  diOcretxc.  that  is  what  we  need  to  cakuUtc. 

SET  Up:  The  potential  difference  is  AT  - — — ki  fr, ) . 

2/r<, 

Execute:  (u)  Substituting  numbers  gives 

AV  -J_ln)rvi'r  ) - (K.SOx 10  * C/m)(2x9.00x  I O'  N •m!,C')!tj 
A»'  - 7.82  x I01  V - 78,200  V - 78.2  kV 

(b)  £"  - 0 inside  the  cylinder,  so  the  potential  is  constant  there,  meaning  that  the  voltmeter  reads  zero. 

Evaluate:  Caution!  The  fact  that  the  voltmeter  reads  zero  in  port  (b)  does  not  mean  that  V - 0 inside  the 
cylinder.  The  electric  field  is  zero,  but  the  potential  is  constant  and  equal  to  the  potential  at  the  surface. 

IDENTIFY:  The  work  required  rs  equal  to  th:  change  in  the  electrical  potential  energy  of  the  charge-ring  system. 

We  need  only  look  at  the  beginning  and  ending  points,  since  the  potential  datferciKe  is  independent  of  path  for  a 

conservative  field. 


SET  Up:  fa  I W - ACr  - q\V  - q < \\mU%  -VA  = q — - 1> 

I 4<T7;.  ii 


Execute:  Substituting  miinhens  gives 

A U - <3.00  x 10’*  CN9.00  x 10*  N-  nf>C,)(S.OO  x 10  ‘ 0(0.0400  m)  - 3.38  J 
<b>  We  can  take  any  path  since  the  potential  is  independent  of  path. 

<c)  SET  UP:  The  net  force  is  aw  ay  from  the  ring,  so  the  ball  will  accelerate  away.  Energy  conservation  gives 

Uv~K.~  ■t**1- 
EXECUTE:  Solv  ing  for  v gives 


Evaluate:  Direct  calculation  of  the  work  from  the  electric  fteld  would  be  extremely  difficult,  and  we  would  need 
to  know  the  path  followed  by  th:  charge.  Ikit.  since  the  electric  field  is  conservative,  we  can  bypass  all  this 
calcuhtion  Just  by  looking  at  the  end  points  (infinity  and  the  center  of  the  ring)  using  the  potential. 

23.39.  IDENTIFY:  The  electric  field  is  zero  everywhere  except  between  the  plates,  and  in  this  region  it  is  uniform  and 
points  from  th:  positive  to  the  negative  plate  (to  the  left  in  Figure  23.32). 

SET  UP:  Since  the  field  is  uniform  between  the  plates,  th:  potential  increases  linearly  as  we  go  from  left  to  nght 
starting  at  b 

EXECUTE:  Since  the  potential  is  taken  to  he  zero  at  the  left  surface  of  the  negative  plate  (a  in  Figure  23.32).  it  is 
zero  everywhere  to  the  left  of  b.  It  increases  linearly  from  b to  t\  and  remuns  constant  (since  li  - 0)  past  c.  The 
graph  is  skctchrd  in  Figure  23.39. 

EVALUATE:  When  th:  elcctnc  fiekl  is  zero,  the  potential  remains  constant  but  not  necessarily  zero  fas  to  the  right 
of  c).  When  th:  elcctnc  field  is  constant,  the  potential  is  linear. 


2(3. 3S  J) 
0.00150  kg 


- 67.1  ml 


Figure  23.39 
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IDENTIFY  and  SET  UP:  For  oppositely  charged  parallel  plates.  A’  - rr between  the  plates  and  the  potential 
difference  between  the  plates  « V - Ed  . 

Execute:  <.,  4^i°  ^ nSJ.ON/C 

|b>  r « £J  - <5310  HC)<0.0220  m)  - 11 7 V. 

(c)  The  electrx  field  stays  the  same  if  the  scparatxm  of  the  plates  doubles.  The  potential  difference  between  the 
plates  doubles. 

EVALUATE:  The  ekvtric  field  of  an  infinite  sIkcI  of  charge  is  unifixm.  independent  of  distance  from  the  sheet. 

The  force  on  a test  charge  between  the  two  plates  is  constant  because  the  elastic  field  is  constant.  The  potential 
ditTcrcncc  is  the  work  per  unit  charge  on  a test  charge  wh:n  it  moves  from  ooe  plate  to  the  other.  When  the  distance 
doubles  the  work,  which  is  force  times  distance,  doubles  and  the  potential  ditTerence  double v 

IDENTIFY  and  SET  UP:  Use  the  result  of  Example  23.9  to  relate  the  dccthc  field  betw  een  the  plates  to  the  potential 
ditTerence  between  them  and  their  separation.  The  force  this  field  exerts  on  the  partxlc  is  given  by  Eq.(2 1.3>.  Use 
the  equation  that  precedes  liq.(23.17)  to  calculate  the  work. 

EXECUTE:  <sa)  From  Example  23.9.  E ^ v 8000  V/m 

d 0.0150  m 

|b>  A - |^|A  -(2.40x10  v CH»000  V/m) 1.92x1 0'4  N 
(cl  The  electrx  field  between  the  plates  is  shown  xn  Figure  23.41. 

+ ♦ 4*  ♦ 


U 


Figure  23.41 

The  plate  with  positive  charge  (plate  tf)  is  at  higher  potential.  The  clectrx  field  is  directed  from  high  potential 
toward  low  potential  (or,  E is  fn>m  ♦ charge  toward  - charge),  so  E points  from  4 to  b Hence  the  force  that  E 
exerts  on  the  positive  charge  is  from  a to  b.  so  it  does  positive  week. 

M - £ A dl  - Arf.  where  d is  the  separation  between  the  plates. 

W - Fd  -<1.92  x 10  4 N> 0.0450  m>=  -*S.64x  10  ? J 
<d)  Vm  - V%  = +360  V (plate  a is  al  higher  potential) 

AC/  = Vk  -b\.  ^ q{ \\  - rj  - (2.40  x 10**  C)(-36G  V)  - -8.64  x 10  : J. 

Evaluate:  Wc  sec  that  * -(Uc  - L\ ) - - Us. 

23.42.  IDENTIFY:  The  electric  field  is  zero  inside  the  sphere,  so  the  potential  is  constant  there.  Thus  the  potential  at  the 
center  must  be  the  san>:  as  at  the  surfarc.  where  it  is  equivalent  to  that  of  a p>xnt -charge. 

SET  UP:  At  the  surface,  and  hence  also  at  the  center  of  the  spfterc.  the  tick!  is  that  of  a point -charge. 
E*Q:UzctR). 

Execute:  <u)  Solving  for  Q and  substituting  the  numbers  gives 

Q-i.Tt,R}r  = (0.125  mKISOO  Vy(9.00  * lO^N  m: '<^1-2.0*  x 10*C-20.8nC 

<b)  Since  the  potential  is  constant  insid:  th:  sphere,  its  value  at  the  surface  must  be  the  same  as  at  the  center. 

1.50  kV. 

EVALUATE:  The  electric  field  inside  the  spbrrc  is  zero,  so  the  potential  is  constant  but  is  not  zero. 

23.43.  IDENTIFY'  and  SET  UP:  C onsider  the  electric  field  outside  and  insid:  the  shell  and  use  thit  to  deduce  the  potential 
EXECUTE:  (a)  The  electric  field  outside  the  shell  is  the  same  as  for  a point  charge  at  the  center  of  the  shell,  so  the 
potential  outside  the  shell  is  the  same  as  for  a point  chaffing 


V — for  r>  R. 

Th  electric  field  is  zero  inside  the  shell,  so  ix»  work  is  dcxic  c*i  a test  charge  « it  moves  inside  the  shell  and  all 


poants  insid:  th:  shell  are  at  the  san>:  potential  as  the  surface  of  th:  shell : V - 


for  riR. 


(b>  V - -i  so 


W (0.15  mM-  1200  V) 


-20  n< 


A k 

(c)  EVALUATE:  No.  the  amount  of  charge  on  the  sphere  rs  very  smill.  Sinrc  V *qV  the  total  amount  of  clcctnc 
energy  stored  on  th:  balloon  is  only  1 20  nCMI  200  V)  - 2.4  x 10  J. 
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23.44. 


23.45. 


23.4*. 


IDENTIFY:  Example  23.8  shows  that  the  potential  of  a solid  conducting  sphere  is  the  same  at  every  point  inside  the 
sphere  and  is  equal  to  its  value  V *ql  2jtc,R  at  the  surface.  Use  the  given  value  of  /;  to  find  q. 

SET  UP:  For  negative  charge  the  electric  field  is  directed  toward  the  charge. 

For  points  outside  this  spherical  charge  distribution  the  field  is  the  some  is  if  all  the  charge  were  concentrated  at  the 
center. 

EXECUTE:  E 2 — _ and  f ^ * <3K°°  ^°  20Q^  - 1.W  » IQ-  C ■ 

v S S.99>  10  N m'C 

Since  the  field  is  directed  inward*  the  charge  must  he  negative.  Th:  potential  of  a point  charge,  taking  t is  zero*  is 

r - -2_ - l,Wi|,'Vr  1 " _?60 v j( |bc ^ t(f Ih( %phcre  SllKC t(K c^ue al| ^ 

4.T4,.r  0.200  m 

on  the  surface  of  a conductor,  the  field  inside  the  sphere  due  to  this  svmnxtrical  distribution  is  zero.  No  wojk  is 
therefore  done  in  moving  a test  charge  from  just  msidc  the  surface  to  the  center,  and  the  potential  at  the  center  must 
also  be  -760  V. 

EVALUATE:  lnsxle  the  sphere  the  electric  field  rs  zero  and  the  potential  is  constant. 

iDEVnFY:  Fxample  23.9  shows  tkxt  F(y)  - Ey  . where  y is  th:  distance  from  the  negatively  charged  plate,  whose 
potential  is  zero.  The  electric  field  between  the  plates  is  uniform  and  perpendicular  to  the  plates. 

SET  UP:  V increases  toward  the  positiv  ely  charged  plate.  E is  directed  from  the  positively  charged  plated  toward 

the  negatively  charged  piite. 

EXECUTE:  (a)  E - L . — 2.82 - 10'  V/m  ami  y - — . V - 0 ai  r - 0 . V - 1 20  V ai  y-  0.43  cm . 

<S  0.0170  m E 

y - 240  V 01  y - 0.85  cm  . V - 360  V al  y - 1 .28  cm  and  1-480  V al  v - 1 .70  cm  . The  cquipolenti.il  uiifscct 
arc  sketched  in  Figure  23.45.  The  surfaces  axe  planes  parallel  to  the  plates. 

<b)  The  clectrx  field  lines  are  also  shown  in  Figure  23.45.  The  field  lines  arc  perpendxular  to  the  plates  and  the 
cquipotential  lines  arc  parallel  to  the  plates,  so  the  clectnc  field  lines  anJ  the  equipotential  lines  arc  mutually 
perpe  reticular. 

E YAJ.LATE:  Only  differences  in  potential  have  physical  significance.  Letting  V - 0 at  the  negative  plate  is  a 
choice  we  are  free  to  make. 


V • 120  V V-WflV 


V-0V  V - 240  V V — 480  V 

Figure  23.45 


IDENTIFY:  By  th:  definition  of  electric  potential,  if  a positive  charge  gains  potentul  aking  a path,  then  the 
potential  along  that  path  must  have  increased.  The  clectnc  fickl  produced  by  a very  large  sheet  of  charge  is  uniform 
and  is  indepcreJent  of  the  distance  from  the  sheet . 

<a)  SET  Up:  No  matter  what  th:  reference  point,  we  must  do  work  on  a positive  charge  to  move  it  away  from  the 

negative  sheet. 

EXECUTE:  Since  we  must  do  work  on  the  positive  charge*  it  gams  potential  energy,  so  the  potential  increase*. 

<b>  Set  Up:  Since  the  electric  field  is  uniform  and  is  equal  to  t.2e,.  we  have  AK  - Ed  - —J . 


EXECUTE:  Solving  for  gives 


24  \V  2(8*5x10  ,J  C*N*  m;  )<  1.00 V) 


- Q.QQ295  m - 2.95  mm 


5.00x10  Cm 


EVALUATE:  Since  the  spacing  of  the  cquipotential  surfaces  <J-  2.95  mm)  is  indepmdent  of  the  distance  from  the 
sheet,  the  eqviipotential  surfaces  arc  planes  parallel  to  the  sheet  and  spaced  2.95  mm  apart. 
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23.47 


23.48. 


23.49. 


IDENTIFY  .ind  Set  Up:  Use  Eq.(23. 19)  to  calculate  the  components  of  £ 

Execute:  v - Axy  - Bxi  + Cy 

(■»  E,  - ~-r-  - -Ay  + 2B> 

cy 

|b>  E = 0 requires  that  £ = E = £.  =0. 

£ -0  everywhere. 

£,  = O^t  x = -CA. 

And  E.  is  also  equal  zero  for  this  t.  any  value  of  z.  and  y = 2£rM  = (2U/-4 X — CV-4)  = -2£C.4:. 
EVALUATE:  r doesn't  depend  on ; so  £ -0  everywhere. 

Identify:  Apply  Eq.<2 1 . 1 9). 

SET  UP:  Eq.l  2 1 .7)  says  /:  - — !—  l^Jr  is  the  electric  field  due  to  a point  charge  a. 

4Mr 


Execute:  Mf.-fH-.LL 


T777T7  “d'ti-'+rr"” 


Similarly.  £ - izi.  and  £ - ^1 
r #** 


(b>  From  part  (a),  £_ALjiL-t2I-t.l_.j-  islr.  which  agrees  with  Equation  (21 .7). 

EVALUATE:  V is  a scalar.  £ is  a vector  and  has  components. 

IDENTIFY  and  SET  UP:  For  a solid  metal  sphere  or  for  a spherical  shell,  y - — outside  the  sphere  and  V - — at 

r R 

ay 

ill  points  insid:  the  sphere,  where  R is  the  radius  of  the  sphere.  When  the  electric  field  is  radial.  £ - — 

<V 

EXECUTE:  (a)  ii I r < r : This  region  rs  inside  both  spheres.  V = — = Am!  — - — 


p r 


i 


(ii>  r < r < y : This  regicoi  is  outside  the  inner  shell  and  insid:  the  outer  shell.  V - — - — - - kq  — 


r r 


( ni>  r >rh:  This  rcgxm  is  outside  both  spheres  and  V - 0 since  outside  a sphere  the  potential  is  th:  same  as  for  point 
charge.  Therefore  the  potential  is  the  same  as  for  two  oppositely  charged  point  charges  at  the  .sime  locaticci.  These 
potentials  cancel. 

ib)  »;=—(—-! I jnd  >;  -o.«i  i-i 


(c> Between Ibe iphcrci  r,<r<rt  and  K = — — - 1-  E ‘ * ' I 1 1 

' n 


, 1 * 

dr  4.r«..7vlr  n\  4 


r. 


r 


(dP  From  Equation  (23.23):  £ - 0.  since  V is  constant  (zero)  outside  the  spheres. 

(e>  If  the  outer  charge  is  different,  then  outside  the  outer  sphere  the  potential  is  no  longer  zero  fcnit  is 
V - _1_1  - _J_i!  — 'll.  All  potentials  inside  the  outer  shell  are  just  shifted  bv  an  amount 


V «- 


4.T«t  r dTtfj  r 4 JTi* 

Q 


Thcrctore  relative  potentials  withm  the  shells  arc  not  affected.  Thus  | b ) and  <c)  do  not  change 


rs 

However.  now  that  the  potential  docs  van*  outside  the  spheres,  there  is  an  electric  field  there: 


£ = - 


1 


yJE  J4 ,4V»- 


<V  Br\r  r r q) 

EVALUATE:  In  part  la)  the  potential  is  greater  than  zero  for  all  r < r. 
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23.50. 


23.51. 


23.52. 


IDCV11FY:  Exercise  23.49 shows  that  V - ii;|  — far  r<rMy  V - kg\  — - — \ lor  r <r<rK  ami 


SET  UP:  E - — . radially  outward,  for  r Sri/; 


Execute:  (a)  V 


K) 


SCO  V gives  q ^ 


iOQ 


; 012  111  0.096  m 


7.62  k IQ  C 


<b>  V »0  so  V - 500  V . The  inner  nxtal  sphere  is  an  cquipotential  with  V - 500  V . - - — * — . V - 400  V at 

r r ty 

r - 1 .45  era . F = 300Vst  i = 1.85  cm,  V * 200  V at  2.53  cm.  K-100V  at  r = 4.00  cm . F»0at 
r - 9.60  cm  . Tlie  cquipotential  sur  fares  are  sketched  in  Figure  23.50. 

EVALUATE:  <c)  Tlie  cquipotential  surfaces  are  coocczitric  spheres  and  th:  electric  field  lines  an:  radial,  so  the  fiekl 

lines  and  cquipotential  surfaces  arc  mutually  perpendicular.  Tlie  cquipotcntials  are  ckiscst  at  srmller  r where  the 
clcctrx  field  k largest. 


IDENTIFY:  Outside  the  cyliixlcr  it  is  equivalent  to  a line  of  charge  at  its  center 

SET  UP:  The  ditYcrence  in  potential  between  the  surface  of  the  cylinder  (a  distance  R from  the  central  axes!  and  a 

general  point  a distance  /*  from  tlie  central  axis  is  given  by  AK - — !n(r/ A) . 

2«, 

EXECUTE:  (a)  The  potential  ditTcrcncc  depends  only  »>n  r.  and  not  direction.  Therefore  all  points  at  the  same  value 
of  r will  he  at  the  same  patential.  Thus  the  equipotential  surfaces  arc  cylinders  coaxial  with  the  given  cylinder. 

<b>  Solving  tV —MrlR)  for  r.  gives  r - Rvi'sU  4 . 

2** 

For  1 0 V.  the  exponent  is  ( 1 0 V>|(2  x 9.00  * 10*  N mVCK  1.50  x 10  * Cm)]  - 0.370  which  gives  r - (2.00  cm) 
ealT*  - 2.90  cm.  Likewise,  the  other  radii  arc  4.20  cm  (for  20  V)  and  60S  cm  (for  30  V). 

<c)  Ar,  - 2.90  cm  2.00  cm  - 0.90  cm;  Az:  - 4.20  era  2.90  cm-  1.30  cm;  Ar]  - 6.0S  cm  4.20  cm-  1.88  cm 
EVALUATE:  As  wc  can  see.  A/*  increases,  so  the  surfaces  get  farther  apart.  This  is  very  different  from  a sheet  of 
charge,  where  the  surfaces  axe  equally  spiced  planes 
IDENTIFY:  Tlie  electric  field  is  the  negative  gradient  of  the  potential. 
dV 

SET  Up:  Et  - - — . so  E,  is  the  negative  skip:  of  the  graph  of  V as  a function  of.r. 

dx 

EXECUTE:  The  graph  is  sketched  in  figure  23.52.  Up  to<j.  V is  constant,  so  Et  - 0.  From  a to  b%  V is  linear  with  a 
positive  skip:,  so  EK  is  a negative  constant.  Past  b . the  V-x  graph  has  a decreasing  positive  slope  which  approaches 
zero,  so  E,  is  negative  and  approaches  zero. 
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Evaluate:  Notice  that  an  increasing  potential  docs  not  necessarily  mean  thit  the  ckclric  field  is  increasing.. 

E, 


23.53.  <a  I IDENTIFY:  Apply  the  work -energy  theorem.  I:q.(6.6). 
SET  UP:  Points  a and  h an:  shown  in  Figure  23.53a. 


Figure  23.53a 


Execute:  B'u  -aa'  - Kt  - K - Kt  - 4.35 -10  s J 

The  clcclnc  force  Ft  and  the  additional  force  F both  do  work.  *o  tliat  - \Vt  r IF. 


ir,  -»;4- !»;  =4.35x10*3  -6.50x10 1 J = -2.l5xl0  ‘ J 


EVALUATE:  The  forces  »>n  the  charged  particle  are  shown  in  Figure  23.53b. 


Figure  23.53b 


The  electric  force  is  to  the  left  (in  the  direction  of  the  cloctr*:  field  since  the  particle  has  positive  charge!.  The 
displaremcnt  is  to  the  right,  so  the  electric  force  does  negative  work.  The  additional  force  F is  in  the  direction  of  the 
displacement,  so  it  decs  positive  work. 

<b>  IDENTIFY  and  SET  Up:  For  the  work  done  by  the  electric  force.  IF  ^ - FJ 

Execute:  r - K - ■ 2 1"'11  J - -2.83*  io;  v. 

7.60*10 'C 

Evaluate:  The  starting  point  (point  a)  is  at  2.83  x 10'  V lower  potential  than  tlv  ending  point  (point  h).  Wc 
know  that  K > V because  the  electric  field  always  points  from  high  potential  toward  low  potential. 

(cl  IDENTIFY:  Calculate  E from  F,  - Vt  and  the  separation  d between  the  two  points. 


SET  Up:  Since  the  electric  field  is  uniform  and  directed  opposite 
d - 8.00  cm  is  the  displacement  of  the  particle. 

-2.83x10' V 


the  displacement  . - —Fkd  - -qEd.  where 


EXECUTE:  L - 


3.54x10  Via 


0.0800  in 


Evaluate:  In  part  (a).  IFM  » the  total  work  done  by  both  forces  In  parts  fb>  and  (c)  ^ is  the  work  dooe  just 

by  the  clcctnc  force. 

23.54.  IDENTIFY:  The  electric  force  between  the  electron  and  proton  is  attractive  and  has  magnitude  F ~ — ■- . For 

rm 


circular  motion  the  acceleration  is  a,.  - v!r  . U - 


SETUP:  e- 1.60*  10 

'•c.  1 cV 

-1.60x10  r#  J 

AH* 

kt> 

j IP’ 

Execute:  (a) 

— - a lid  i 

r 

r 

\ mr 

\ 

> 

1 

= 

• 

1 

| 

- — 

2 

2320  Ouplti  2i 


(c>  £- A 


I *(1.60x10  '“C|- 
’ 5.29x10  in 


-2.17-10  " J = -l3.6eV 


EVALUATE:  The  total  ccvrgy  is  negative,  so  the  electron  is  bound  to  the  proton.  Work  must  be  done  on  the 
clcctrcoi  to  take  it  far  from  the  proton. 

23.55.  IDENTIFY  and  Srr  UP:  Calcuhtc  the  components  of  £ fn«n  Hq<23.l9X  I:q.(2 1.3)  give.  F from  £. 

Execute:  (a)  «'  = Ci" 


C = Vlx‘‘‘  ^ 240  V/(I3.0<  10  * m)‘  1 = 7.S5x  10*  V.’m" 


<b>  £ , -iL  _ -icr1  * = -(1.05- 10’  ViTn*  V ' 
ax  3 

The  minus  sign  means  that  Et  is  in  the  -x  -direction,  which  say*  that  E points  from  the  positive  anode  toward  the 
negative  cathode. 

<c>  f = qE  so  Ft  = -e£.  = 4*C*1 1 

Halfway  between  the  electrodes  means  .v  - 6.50x10  ’ in. 

F%  =4(1.602x10  H CK7  85x!04  V.W  ^6-50x10  m>‘ 1 =3.l3x  10  14  N 


f is  positive,  so  the  force  is  directed  toward  the  positive  amxic. 

EVALUATE:  V depends  c*ily  on  x.  so  £ - A = 0.  £ is  directed  from  high  potential  (anode  l to  low  potential 

(cathode  l.  The  electron  lias  negative  charge,  so  the  force  on  it  is  directed  opposite  to  the  electric  field 
23.56.  IDENTIFY:  At  each  point  io  and  h ).  the  potential  is  the  sum  of  the  potentials  due  to  both  spheres.  The  voltmeter 
reads  the  difference  between  these  two  potentials.  Th:  spheres  behave  like  a posit -charges  since  the  meter  is 
connected  to  th:  surface  of  each  one. 

SET  l.’P:  (a)  Call  a the  point  on  the  surface  of  one  sphere  and  b th:  point  on  the  surface  of  the  other  sphere,  call  r 
the  radius  of  each  sphere,  and  call  d the  center* to-ccnter  distance  between  the  spheres.  The  potential  difference  fa 
between  jxiints  a and  h is  then 

I W',-  !— [i£t— - 2±J_!_- 

4.t<,  [ r d -r  \r  d-rf]  4 xx^\d-r  r) 


EXECUTE:  Substituting  the  number*  gives 


Vs  W-  2(175  pC)(9.00x  10v  N-m“7CJ|| 


!)  750  m 0.250 


- -S.40  x 104  V 


I3.5S. 


The  meter  reads  8.40  MV. 

(b)  Since  I*  is  negative.  V*  > I *,  so  point  a is  at  the  higher  potential. 

Evaluate:  An  easy  way  to  see  that  the  pitential  at  a is  higher  than  the  potential  at  h is  that  it  would  take  pisitive 
wixt;  to  move  a positive  test  charge  from  h io  a since  this  charge  would  be  attracted  by  the  negative  sphere  and 
repcIV^l  by  the  positive  sphere. 

t.  - 

r 

SET  I’P:  tight  charges  means  there  arc  S(8  - 1)/2  - 28  pairs.  There  are  12  pair*  of  q and  - q separated  by  d.  12 
pair*  of  cuual  charges  separated  by  \*2d  arxl  4 pairs  ofq  and  -q  separated  bv  . 


23.57.  Identify: 


Execute: 


.) -5-2-4. , ■ ♦>!-,. 4i,w 

d JU  J J2  wl 


V27 

EVALUATE:  (bl  The  fact  that  the  electric  potential  energy  is  less  than  zero  means  that  it  is  energetically  favorable 
for  the  crystal  ions  to  he  together. 

IDENTIFY:  For  two  small  sphere*.  V - **  For  part  <b)  apply  conservation  of  energy. 


SET  UP:  Let  q{  - 2.00  pCand  i/,  = -3.50  fjC  . Let  rA  - 0.250  m and  j; 

Execute: 


Bf  <8.99x10*  N m'.C^.OOxlO*4  C)(-3.50x  10  * C)  A . 
a ) L'  -0.252  J 


0.250 


(b)  A*  =0  . L\  - 0 . Vm  = -0.252  J . A'.  +1/.  = Kk  +Uk  gives  A.  = 0.252  J KA  = i/wi  j , 
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EVALUATE:  As  the  sphere  moves  away,  the  attractive  electrical  force  exerted  by  the  other  sphere  does  negative 
work  and  removes  all  the  kinetic  energy  it  initially  had.  Note  that  it  doesn’t  matter  which  sphere  is  held  fixed  and 
which  is  shot  away;  the  answer  to  part  (b)  is  umtVcctcd. 

23.59.  <a  i IDENTIFY:  Use  Eq.(23.10)  for  the  electron  and  each  protoic 

SET  Up:  TT>c  positions  of  the  particles  arc  shown  in  figure  23.59a. 


Figure  23.59a 


#■*(1.07x10-*  m)/2 -0.535 x 10  M m 


EXECUTE:  The  potential  energy  of  interaction  of  the  electron  with  each  proton  is 


V - 


1-0 


. so  the  total  potential  energy  is 


f,  2.-'  , ^HSxlO  N in'  C Hi  .h 1 • ' 1 1 O _s60>,0 
iztj  0.535.10  ” m 


I 


(,'--8.60.10  ” J(  1 cVVI.602.10  '*l)  = -53.7cV 


EVALUATE:  The  clccirva  and  pxolcci  have  charges  of  opposite  signs,  so  th:  potential  energy  of  the  system  is 
negative. 

<b>  IDENTIFY’  and  SET  UP:  The  positions  of  the  protons  and  points  u and  h arc  shown  in  Figure  23.59b. 


Apply  Af#  -t  Lr#  -t  - K%  tUk  with  point  a midway  between  the  protons  and  point  h where  the  electron 
instantaneously  has  v - 0 (at  its  nv&ximum  displacement  d from  point  a). 

Execute:  Only  the  C oulomb  force  docs  work,  so  Wttm  - 0. 

Um  - -8.60  x 10  ’ J (from  part  (a)> 

=4(9.109-10  " kglll.SO.IO*  m'*»;  - 1 .025- 10  11  1 

A.,-0 

U,  = -2tc'i'rk 


Then  U„-K.  + (/.  - A'.(  - 1.025- 10  11  3-8.60.10“  J =-7.575- 10  " J. 


2ke:  2<8.9S8 . 10*  N mVC3 XI -60x10  " C)' 

-7.575-10  " J 


6.075-10  1 m 


Then  = -^<6.075x10  1 m>  -(S.35xl0  11  m)'  -2.88x10  1 m. 

EVALUATE:  The  force  on  th:  election  pulls  it  back  toward  the  midpoint.  The  transverse  distance  the  electron 
moves  is  about  0.27  times  the  sepiration  of  the  protects. 

23.60.  IDENTIFY:  Apply  - 0 and  £/\  - 0 to  th:  sphere.  The  electric  force  on  th:  sphere  is  F<  - qE  . The 
porential  ditVereixe  between  the  plates  is  V - Fd  . 

SET  Up:  The  frcc-body  diagram  for  the  sphere  is  given  in  Figure  23.56. 

Execute:  TemO-mg  and  TsinO  = F,  gives  Ft  - mgtan#  - (l.50x  10  1 kg  *9.80  ntfs:  )tan(30°>  - 0.0085  N . 

_ r V9  at'  Fd  (0.0085  N)|  0.0500  m)  €_v%. 

f -Eq  - — and  V : 47.8  V. 

d cf  8.90x10 ‘C 
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EVALUATE:  £ - Vfd  - 956  Wm . £ - <t  ;.  and  a = E€V  = S.46  xlO*  C m‘ 

T 


Figure  23.60 

23.6 1 . (at  IDENTIFY:  The  potential  at  any  point  is  the  sum  of  the  potentials  doc  to  each  of  the  two  charged  conductor*. 
SET  UP:  From  Example  23.10,  for  a conducing  cylinder  with  charge  per  unit  length  A the  potential  outside  the 
cylinder  is  given  by  V - (Af2jrt4)ki{rufr)  where  r is  the  distance  from  the  cylinder  axis  and  r%  is  tlx  distance  from 
the  axis  for  which  we  take  V - 0.  Inside  the  cylinder  the  potential  has  the  sanx  value  as  on  the  cylinder  surface.  The 
elcctrx  field  rs  the  sanx  for  a solid  conducting  cylinder  or  fee  a hollow  conducting  tube  so  this  expression  for  V 
applies  to  both.  His  probkrm  says  to  take  r%  - b 

EXECUTE:  For  the  hollow  tube  of  radius  b and  charge  per  unit  length  - A : outsxle  V - -{A /2xf.)ln<Ai.«):  inside 
C - 0 since  U -0  at  r -6. 

For  the  metal  cylinder  of  radius  a and  charge  per  unit  length  A. : 

outsxle  <2/2*0  W/r),  inside  V = {A t 2.t<, ) In h -d k the  value  at  r^a. 

<i(  r < a;  inside  both  V - (^./2c;  Unf bfa) 

<ii>  a < r < 6;  outside  cylinder,  inside  tube  V - (AUxt,  )ln(6/r) 

(iii)  r >b:  outsxle  both  the  potentials  arc  equal  m magnitude  and  opposite  in  sign  so  V - 0. 

<b>  For  V„  *<*/2t*)Id (6/u). 

For  r = fc.  fj«0. 

Thus  = Vm  -\\ 

(cl  Identify  and  Set  Up:  Use  Eq.(23.23|  to  calculate  £ 

Execute:  E--HL, -J-Lin  1-1 , - JJl\\  -±\ , 

rV  2t €tcr  \r)  2xq\b)\  r* ) ln(M?> r 

<dl  The  clcctrx  field  between  the  cylinJcrs  is  due  only  to  tlx  inner  cylinder,  so  V+  is  not  changed. 

EVALUATE:  The  clcctnc  field  is  not  uniform  between  the  cylinders,  so  1^  a £(6-  a). 

y . | 

23.62.  IDENTIFY:  The  wire  and  hollow  cylinder  form  coaxial  cylinder*.  Problem  23.61  gives  £(r)  - 
SETUP:  a ^145x10*  m.  b^ 0.0180  m. 


In(6/a)r 


Execute:  E ^ and  £.  =£ln(itfvjr- (2.00x1a4  N/C)(b(0018m/145x|0"*m))0.012m^  1157  V. 

In (bja)r 

EVALUATE:  The  cksrlric  field  at  any  is  directly  proportional  to  the  potential  difference  between  the  wire  and  the 
cylinder. 

13.63.  IDENTIFY'  and  SET  UP:  Use  Eq.(  21 J)  to  calculate  F and  then  F*»  id  gives  a. 

EXECUTE:  (a)  Ft  - qE.  Since  q - -c  is  negative  Ft  and  E ore  in  opposite  directions;  £ is  upward  so  Fk  is 
downward.  The  magnitude  of  F£  is 

F£  -|^|£ - c£ -(1.602 x 10  **  C)(l  10x10*  NC)  =J.76x  I0*“  N. 

(hi  Calculate  the  aeeeleratii>n  of  tlx  electron  produced  by  the  elcctrx  force: 

F 1.76x10  “N 


m 9. 109x10  kg 


1.93x10  tn  s' 


EVALUATE:  This  is  much  larger  than  ^-9X0  m s‘.  so  the  gravity  force  on  the  clectrvoi  can  be  neglected.  Fk  is 
downward,  so  a is  downward. 

(cl  IDEVHFY  and  SET  UP:  The  federation  is  constant  and  downward,  so  the  motion  is  like  that  of  a projectile. 
Use  the  hon/ontal  motxm  to  find  the  time  and  then  use  the  time  to  find  the  vertical  displacement. 


Eke  trie  Potential  23*23 


Execute:  iconuxwni 

- 6.50x  10*  m s:  o.  - 0,  x - x„  - 0.060  m;  t = 7 
.r-X|  - v4J  -t  2d  r*  and  tb:  at  term  is  zero,  so 
0.060m  , 


i v ~ 6.50x1  O'  m.i 


component 

v.,-0,  o,  =l.93xltf*  m*';  I *9.231x10'  mi:  v-r,-? 

y - y%  ~ *4 1 + yti  /* 

y- v,  = i(1.93xl0‘4  ms*  K9.23lxlO  * *)>  - O.OOS22  m - 0.822  cm 

(d>  The  velocity  and  its  components  as  the  eketron  leave*  the  plates  are  sketched  in  Figure  23.63. 

v,  - vi#  - 6.50x  10*  m s (since  j4  - 0 ) 
v = vp  + ati 

r = 0*(I.93xl0"  mi’*9.231  x 10"  ») 

i = 1.782  <10*  ins 


V 

.aiu/ 


Figure  23.63 

1.7S2x  10*  m s 


-(  .2742  so  a -15.3  . 


vt  6.50  X I cr  m s 

EVALUATE:  The  greater  the  electric  field  or  the  smaller  the  initial  speed  th:  greater  the  dmvnward  deflection. 

(e>  IDF.VIIFY  and  SET  UP:  Consider  the  motion  of  tb:  electron  after  it  leaves  the  region  between  the  plates 
Outside  the  plates  there  is  no  electric  field,  so  a - 0.  (Gravity  can  still  be  rcglcctcd  since  the  electron  is  traveling  at 
such  high  speed  aixl  the  times  are  small.)  Use  the  horizontal  motion  to  find  the  time  it  takes  the  electron  to  travel 
0.120  m horizontally  to  the  screen,  from  this  time  find  the  distance  downward  that  the  electron  travels. 

Execute:  icompmxnt 

v4l  —6.50x10*  ms:  j.-O,  x-x0  ^.0.120  m:  f = ? 
x-Xp  - vul  *f  yaj ' and  tb:  d.  term  is  term  is  zero,  so 
x-xt  0.120m 

f L 1.846*  10  s 

vi4  6.50  xW  mb 

r-component 

v4t  =1.782  x 10"  ms  (from  part  (b));  a - 0.  r - I .S46x  10  B m s;  y-y#  * ? 

>•  - .V.  = »i,f  + io/  = (1 .7S2 X 10-  m Mil  .846  x 10  ‘ %)  = 0.0329  m = 3.29  cm 

EVALUATE:  The  electron  travels  downward  a distance  0.822  cm  while  it  is  between  the  plates  arxl  a distance 
3.29  cm  while  traveling  from  the  edge  of  the  plates  to  the  screen.  The  total  downward  deflection  is 
0.822  cm  -3.29  cm  - 4.1 1 cm. 

The  horizontal  distance  between  the  plates  is  half  the  horizontal  distance  the  clectreei  travels  after  it  leaves  the 
plates.  And  the  vertical  velocity  of  the  electron  increases  as  it  travels  between  the  plates,  so  it  mikes  sense  for  it  to 
have  greater  dawnwani  displaecnxnt  during  the  motion  after  it  leaves  the  plates. 

23.64.  IDF.VIIFY:  Tlic  charge  on  the  plates  and  the  electric  field  between  tbmi  depend  on  the  potential  di  tie  recce  across  the 
plates.  Since  we  do  not  know  the  numerical  potential,  we  shall  call  this  potential  I'arxl  firxfl  the  answers  in  terms  of  V 

a Qd 

(a)  SET  Up:  For  two  parallel  plates,  the  potential  difference  between  them  is  V - Ed d - — — 

K C>A 

EXECUTE:  Solving  for  O gives 

Q - c,A  Vi d = (8.85  x 10  l' C*N  m:  K0.030  mf  1 7(0.0050  m) 

Q - 1 .591*  x 10  12  C - 1 .S9V  p C,  wben  V is  in  volts. 

<b>  £ - V/d-  F.(0.0050  m)  - 200F  V m.  with  Tin  volts. 

<c>  SET  UP:  Energy  conservation  gives  yam**  - cV. 

EXECUTE:  Solving  for  » gives 

2eV  |2(l.60xl0  " C}»'  , „ 

5.93x  10  1'  ‘ to/% . with  V in  voh* 

9.11x10 ' kg 

EVALUATE:  Typical  voltages  in  student  laboratory  work  run  up  to  around  25  V,  so  the  charge  on  tb:  plates  is  typically 
about  around  40  pC,  the  electric  field  is  about  5000  Wnu  and  the  electron  speed  would  be  about  3 million  m s. 
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23.65.  (a)  IDENTIFY  and  SET  Up:  Problem  23.61  derived  that  £ - . where  a is  the  radius  of  the  inner  cylinder 

Ini  hia)r  J 

(wire)  ami  h is  the  radius  of  the  outer  hollow  cylinder.  The  potential  difference  between  the  two  cylinders  is  Y^. 
Use  this  expression  to  calculate  £ at  the  specified  r. 

EXECUTE:  Midway  between  th:  wire  and  the  cylinder  wall  is  at  a radius  of 
r = (a  -t  by  2 ^ <90.0x  10  * m + 0. 1 40  m)-  2 ^ 0.070IM  m. 

V I 50.0x10*  V 


-9.7 lx  10  Vm 


fcl  lb  fa)  r IniO.  140  m - 90.0  x 10  m*0.07004  m) 

<b>  IDENTIFY  and  SET  UR  The  electric  force  is  given  by  liq.<2 1 .31.  Set  this  equal  to  ten  times  the  weight  of  the 
particle  ami  solve  for  |y|.  the  magnitude  of  the  charge  on  the  particle. 

EXECUTE:  Ft  -10nrg 

UdQv  and  hi  ■*>  1MT"  C 

141  M £'  9.71 « 10  V/m 

EVALUATE:  It  requires  only  this  nxnicst  net  charge  fee  th:  electnc  force  to  be  much  larger  than  the  weight. 

23.66.  <a)  IDENTIFY:  Calculate  the  potential  due  to  each  thin  ring  and  integrate  over  the  disk  to  find  the  potential.  V is  a 

scalar  so  no  components  are  involved. 

SET  UP:  Consider  a thin  ring  of  radius  \ and  width  dy  The  ring  has  area  Ixydy  so  th:  charge  on  the  ring  is 
dq  - (Jilxydy). 

Execute:  The  result  of  Lxamplc  23.1 1 then  says  that  the  potential  due  to  this  thin  ring  at  the  point  on  the  axis  at  a 
distarxc  .v  from  the  ring  is 

dq  2.V7  ydy 


***>Jxa  + y>  4 ,‘.  Jj*  » y 


Yl 


V*  +y 

EVALUATE:  For  .r  X*  R this  result  should  reduce  to  th:  potential  of  a point  charge  with  Q - (rzRm . 

yfp TF - x(\  + Jl  Vjf'*  »a<lr  R*f2x*)  so  J77F - x * R'llx 

„ 7 R:  oxR*  O 

Then  I * — . as  expected. 

2*  2x  4*<,rr  4.tc,v 

lb)  IDENTIFY  and  SETUP:  Use  liq.(23.19)  to  calculate  £. 

_ _ dV  7 f X j rx{  1 1 

Exec  ute:  /:  - - — ; -11- — 1 — — 

24,{'Jx:+R:  ) 24;,  \x  Jjp  + R 

Evaluate:  Out  result  agrees  with  Eq.(2 1 . 1 1 ) in  Example  21.12. 

23.67.  (a)  Identify:  Use 

SET  Up:  From  Problem  22.48,  £fr)  X , for  r £ R (inside  the  cylindrical  charge  distribution)  and 

2t€  R* 


Fir  1 


for  r 2 R.  Let  V - 0 at  r-  R (at  the  surface  of  the  cvlmder) 


2rc,r 
Execute:  r>R 

Take  point  a to  be  at  R and  pofot  h to  be  at  r.  where  r > R.  Let  i fl  = dr.  F.  and  dr  are  both  radially  outward  so 
E dr -Edr.  Thus  Vk-V,  -J  Edr.  Then  Yk-  0 gives  Vp  - - f Edr.  In  this  interval  (r  > /?),  £(r)  - i/2r  c,r.  so 


-d_r±— -LJi 

>*2x€r  2.7  2.7<  \R 


2 2X€V 3k  r 2X€V 
EVALUATE:  This  expression  gives  V - 0 when  r - R and  the  potential  decreases  (becomes  a negative  number  of 
laruer  magnitude)  with  increasing  distance  from  the  cylinder. 
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23.71. 


23.72. 


23.73. 


23.74. 


EVALUATE:  All  ibc  charge  of  the  nng  is  the  same  distance  a from  the  center  of  curvature. 

IDENTIFY:  Wc  must  integrate  to  find  tlx  total  energy  because  the  cixrgy  to  bring  in  more  charge  depends  on  the 
charge  already  present. 

SET  Up:  If  p is  the  uniform  volunx  charge  density,  the  charge  of  a spherical  shell  or  radius  r and  thickness  dr  is  a 
™ p 4xj'  dr.  and  /»-  f><43  jt/T).  The  charge  already  present  in  a sphere  of  radius  /•  is  q - /f4.‘3  xr,  |.  The  energy  to 
bring,  the  charge  dq  to  the  surface  of  the  charge  q is  Vdq>  where  V is  the  potential  due  \oq.  which  rs  q 4.Tc,r. 
EXECUTE:  The  total  energy  to  assemble  the  entire  sphere  of  radius  R and  charge  Q is  sum  (integral  l of  the  tiny 
increments  of  energy. 

where  we  haw  substituted  p-  n R > and  simplified  the  result. 

EVALUATE:  Tor  a |x»int- charge.  R ->  0 so  U — > which  means  that  a point-charge  should  have  infinite  self- 

energy.  This  suggests  that  either  point-charges  are  impossabl:.  or  tint  our  present  treatment  of  physics  is  not 
adequate  at  the  extremely  small  scale,  or  both. 

IDENTIFY:  \\  E-di  . Tlx  electric  field  is  radially  outward,  so  E • df  s £ dr . 

SET  UP:  Let  a = x . so  V - 0 . 


kO 

EXECUTE:  Fn>m  Example  22.9.  wc  have  tlx  following.  For  r > R : £ - and  V 


-Vfr-T- 


For  r<.R:E-  and  V - - 


- *Q  «frB.  W ^1  .2I  *(? 


^-\Edr-\Edr^-^\rdr^-^Lr'i  -2L+2L 
\ { R R'l  R R 2 , R 2R 


r 


2R  2R 


(b>  The  graphs  of  I*  and  A’  versus  r are  sketched  in  Figure  23.72. 

EVALUATE:  For  r<R  the  potential  depends  on  the  clectrx  field  m the  region  r to 


Figure  23.72 

IDENTIFY  : Problem  23.70  show*  1K11  Vt  - —^—(3  - r’/K' ) foi  .id  ind  V - — lor  rZR 

8.™,*  ’ 

Set  Up:  K,  - — i— . V,  = Q 


Lt  t,R 


Execute: 

n.T^fC 

(h)  If  Q > 0 . Fis  higher  at  the  center.  If  Q<  0 f Fix  higher  at  the  surface. 

Evaluate:  For  Q > 0 the  electric  field  is  radially  outward.  E is  directed  toward  lower  potential,  so  V is  higher  at 
tlx  center.  If  O < 0 . the  electric  field  is  directed  radially  inward  and  I' is  higher  at  the  surface. 


IDENTIFY:  For  r <c  .E  - 0 and  the  potential  is  constant.  For  r>c , E ix  the  same  as  for  a poant  charge  and  V = — 

r 

SETUP:  Vm  = 0 

Execute:  (a)  Points  a.  b . and  1 are  all  at  the  same  potential,  so  VA  - FA  = Vk  - Y\  - VA  - F - 0 . 
tq  (8.99  > 1 0*  N m'C‘'  Ml  SO  < 1 0 * C) 


K~r‘a7a 


- 2.25*  IQ6  V 


O.ftJm 

(b>  They  arc  all  at  the  same  potential. 

(c)  Only  V - V would  change;  it  would  be  -2.25  x 10*  V. 
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EVALUATE:  The  voltmeter  reads  the  potential  difference  between  the  two  points  to  which  it  is  connected. 

23.75.  iDKKIin  and  SET  UP:  Apply  Ff  - -dU dr  and  Newton  s third  law 

Execute:  (a)  The  electrical  potential  energy  for  a spherical  shell  with  uniform  surface  charge  density  and  a pwnt 
charge  q outside  the  shell  is  th:  same  as  if  the  shell  is  replaced  by  a point  charge  at  its  center  Since  F — dV  jdr% 
this  means  the  force  th:  shrll  exerts  on  the  point  charge  is  the  sart>:  as  if  the  shell  were  replaced  by  a point  charge  at 
its  center.  But  by  Newton's  3,J  law.  the  fcece  q exerts  on  the  shell  is  the  same  as  if  the  shell  were  a point  charge  But 
q can  be  replaced  by  a spherical  shrll  with  uniform  surface  charge  and  the  force  is  the  *ime.  so  th:  force  between  the 
shells  is  the  some  as  if  they  were  both  replaced  by  point  charges  at  their  centers.  And  since  the  force  is  the  same  as  for 
point  charges,  the  electrical  potentul  eixrgy  for  the  pair  of  spheres  is  the  sanK  as  for  a pair  of  poant  charges. 

<b>  The  potential  for  solid  insulating  spheres  with  uniform  charge  density  is  the  same  outside  of  the  sphere  as  for  a 
spherical  shrll,  so  the  same  result  holds. 

<c>  The  result  doesn't  hold  for  conducting  spheres  or  shells  because  when  two  charged  conductors  arc  brought  close 
togethn’.  the  forces  between  them  causes  the  charges  to  redistribute  and  the  charges  arc  no  longer  distrrtmtcd 
uniformly  over  the  surfaces. 

EVALUATE:  For  the  insulating  shells  or  spheres.  F - and  6’  «— where  q and  q.  arc  the  charges  of 

r*  r 

the  objects  and  r is  the  distance  between  their  centers. 

23.76.  IDENTIFY:  Apply  Newton’s  second  law  to  calculate  the  acceleration.  Apply  conservation  of  energy  and 
conservation  of  mon>mtum  to  the  morions  of  the  spheres. 

itJw4 

/*  rs  the  distance  between  their  centers. 

EXKCXTE:  Maximum  speed  occurs  when  the  sph^es  are  very  far  apart.  Energy  conservation  gives 
— — i.  - —. • Momentum  conservation  gives  and  - 31',*, . r - 0.50  m.  Solve  for  v 

and  - 12.7  m/s.  rlt,  - 4.24  m/s  . Maximum  acceleration  occurs  just  after  spheres  are  released.  IF  - ma 


SET  UP:  Problem  23.75  shows  that  F 


md  V — . where  q and  q:  are  the  charges  of  the  objects  and 

r 


gives 


(9xl0*N  m*.C*  XI0 'CH3xl0 'C)  __  ^ , a 

-1 ■ (0. 1 5 kg)irlt, . alto  - 720  mf%  ar*l 

10.50  m> 


a - 3 ox54  = 216  mjy  . 

EVALUATE:  The  mi>rc  massive  sphere  has  a smaller  acceleration  and  a smaller  final  spxd. 

23.77.  IDENTIFY:  Use  Eq.<23. 17)  to  calculate  V+. 

SET  UP:  From  Problem  22.43.  £cir  RZri.2R  (between  the  sphere  and  th:  shrll)  E - Qfiaif 
Take  a at  R and  h at  2R. 


Execute: 


tit 


Ear  = 


4r«. 1 


'dr 


i,- 


4t«iL  . j 

e 


4«VK  2X 


EVALUATE:  The  electric  field  is  radially  outward  and  poants  in  the  direction  of  decreasing  potential,  so  the  sphere 
is  at  higher  potential  than  th:  shell. 

23.78.  Identify  : Vs  - Vk  = J AJ}  • di 

SET  Up:  li  k radially  outward,  so  E dl  = E dr  . Problem  22.42  shows  that  £(r)  - 0 for  r S a . £(r)  for 

a<r<by  £{r)  - 0 for  h < r < c and  £(r)  ^kqfr1  for  r > c . 

Execute:  (a)  At  r-c:  V = -( ^dr=—. 

\r  c 

(b)  At  r =6 : Y%  = dr- ^E-dr  - — -0  = — 

(c>  At  r-ii:  \\  =-jl  ifr-jt:  idr  - ^E  dr  - — - - A.,»J  i-i-f  1 


(d)At 


K - 


lince  it  u in.'lii:  a inclal  inhere,  atxl  ihui  al  tlic  lame  polcnlul  a»  in  mirface. 


EVAIUTE:  The  potential  difference  between  the  two  conductor*  i*  V -V  -hf  — 
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23.79.  IDENTIFY':  Slice  the  nxl  into  thin  slice*  and  use  Eq.423. 14)  to  calculate  the  potential  due  to  e»:h  slice.  Integrate 
over  the  length  of  the  nxl  to  find  the  total  potential  at  each  point. 

<a)  SEf  IIP:  An  infinitesimal  slice  of  the  nxl  and  its  distance  from  poant  P are  shown  in  figure  23.79a. 


r - x ♦ a t 


Figure  23.79a 

Use  coordinates  with  the  origin  at  the  left-hand  end  of  the  rod  and  one  axis  along  the  nxl.  Call  the  axes  and  / 
as  not  to  confuse  them  with  the  distance  x given  in  the  problem. 

EXECUTE:  Slice  the  charged  nxl  up  into  thin  slices  of  width  dxf.  Each  slice  has  charge  dQ  - Oidtf'a)  and  a 
distaix:  r - x -t  a - a'  from  point  P.  The  potential  at  P due  to  the  small  slice  dO  is 

wr.JJ«V-L2f-£-- 

4.r<J(  \ r ) 4,t^(  a \.  x -f  a - ,r' 

Compute  the  total  V at  P doe  to  the  entire  rod  by  integrating  dVovct  the  length  of  the  rod  (.r*  - 0 to  sJ  - a)  : 

Q 


i 


Evaluate:  As  a*  V -t 




4.Tc*7Ju  + 4.T4.XJ  4t €.a  \ x 


4 x€  a 


(;h 


(bt  SET  l.T»:  An  infinitesimal  slice  of  the  rod  and  its  distance  from  point  R arc  shown  in  Figure  23.79b. 


V,' 


figure  23.79b 


JO  - \0  aids'  as  m pari  (a I 


Each  slice  dQ  is  a distance  r - ^ »•’  * (a  - ,v*)‘  freen  point  R. 

Execute:  The  potential  dV  at  R due  to  th:  small  slice  dQ  is 

...  . JQ\  i 0 & 


i.7€,[  y ) 4r*.  a 


ys\dV~Q-  f-,  — 

3 J>*rta-Xy 


In  the  mtcgral  make  th:  change  of  variable  u - a - x'\  du  - -dt 


f" 


In(i/ 


4.7C/I  4 • Jy*  + u 4.Tf/J 

- [k>y-Wa  + J777)]=  - 


Axt/l 

(The  expression  for  the  integral  was  found  in  appendix  11.) 
EVALUATE:  As  v -♦«,  V ->  — Inj  1 

4 **/*  v y 


4/7C/I 


J7^>1 

[iI£+7 
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lc>  SET  UP:  part  (a):  V ^ In  -1—1 ! ^ Inf  1 -*  - 

4.T<t»7  \ X / 4^T</I  \ X 

Prom  Appendix  B.  Ini  + u)  = n -ii' /2 ....  so  ln<  I ♦ a/x)  = <i/x— a“/2x“  and  this  becomes  afx  when  v is  large 


Emit TE:  Thus  V 


pan  (b):  V - 


*x<a 


(t)- 


4ztita 


Far  large  x,  V becomes  the  potential  of  a point  charge. 


**<* 


J - 


VH 


4-TC/I 


Ju-* 


From  Appendix  B.  ^1  -f  <T  l y:  = (1  -t-  a5 /y*  )*’ * = I + a2 /2yl  * ... 

Thui  o/.v-t  Andtbcnining  h(ltu>»u  giv 


V ->  — ¥—  Iffl  I . aly)  ->  - I - — — . 

4 x*^p\y)  4.tc,> 

Evaluate:  For  large  \\  V becomes  the  potential  of  a point  charge. 

23.80.  IDENTIFY:  Hie  potential  at  the  surface  of  a uniformly  charged  sphere  is  V — 


SET  UP:  For  a sphere.  V - - r/?  . When  the  raindrops  merge,  the  total  charge  and  volume  is  conserved. 

Execute:  W 16.6V. 

R 6.50  x 10  m 

<b|  The  volume  doubles,  so  the  radius  increases  by  the  cube  root  of  two:  R%^  - ifl  R - 8. 19  x 10  * m and  the  new 

charge  i'  <>..  -20-  - 2.40  - 10  11  C.  Jhc  new  notcntijl  i»  I’  - - - — 2-40 — - -20.4  V . 

8.19x10  m 

EVALUATE:  The  charge  doubles  hut  the  radius  also  increases  and  the  potential  at  the  surface  increases  by  only  a 

factor  of  -I-  - 2*  ‘ . 

IT 

23.81.  <a)  IDENTIFY  and  SET  Up:  The  potential  at  the  surface  of  a charged  conducting  sphere  is  given  by  Example  23.8: 

1 a 

V Fee  spheres  A and  B this  gives 


4xc  R 


2 


;iid  V.=—2s 


ixt'R,  4 *+Kt 

Execute:  V,  - give  Q.iAs*Jt.*Qt  anil  0,10.  - Kt:R,.  And  then  R,  - >R,  implies 

Q.iQ.  = 1/3. 

(b>  IDENTIFY  and  SET  UP:  The  clcctnc  field  at  the  surfarc  of  a charged  conducting  sphere  is  given  in 
Example  22.5: 


C - 


4.TC  it 


Execute:  For  spheres  A and  B this  give* 


A.TCjt 


*X< 


EVALUATE:  The  spforre  with  the  larger  radius  needs  more  net  charge  to  poxlucc  the  same  potential.  We  can  write 
A’  - Vi R for  a sphere,  so  with  equal  potentials  the  sphere  with  the  smaller  R has  the  larger  V. 

23.82.  IDENTIFY:  Apply  conservation  of  energy.  K*  +L\  - Kk  . 

SET  Up:  Assume  the  particles  initially  arc  for  apart,  so  U ^ - 0.  The  alpha  particle  his  zero  speed  at  the  distance  of 
closest  approach,  so  ATa  - 0 . 1 cV  - 1.60  x 10  ,v  J . The  alpha  particle  has  eharge  -+24*  and  the  lead  nucleus  has 
charge  -K2c . 


23*3*  Omptor  23 


23.83. 


23.84. 


23.85. 


Execute:  Set  the  alpha  particle's  kirxtic  energy  equal  to  its  potential  energy  - A'4  - U(  gives 

EVALUATE:  The  caVrukitian  assumes  that  oi  the  distance  of  closest  approach  th:  alpha  particle  is  outside  th:  raj  ms 
of  the  Vrad  nucleus. 

IDENTIFY  and  SET  UP:  The  potential  at  the  surface  is  given  by  Lxamplc  23.8  and  the  electrx  field  at  th:  surface  is 
given  by  Example  22.5.  The  charge  initially  cin  sphere  I spreads  between  the  two  spheres  such  is  to  bring  them  to 
the  same  potential. 

Execute:  (■>£,-.  1 Q\  ■ K»-!— S.««c 
1 1 **,*,  ' 1 
(b>  Two  conditions  must  be  met 

1 ) Let  i/iand  q:  be  the  final  potentials  of  each  sphere.  Then  Vi  + <h  * 0 (charge  conservation! 

2)  Let  V\  and  k';  be  the  final  potentials  of  each  sphere.  All  poants  of  a conductor  arc  at  the  san»:  potentiaL  so  Y\  - I*. 

..  1 


V.  - I,  requires  that 


Hid  I hen  q,  K.  -q- IK. 


4t<,  X,  4f«,  ft 

9,«: 

This  give  and  «-a-ft*fl(i-4«+4]>-a<444  + 4]) 

Q,  ._a  , ' _ fi 


(cl  » - 


4«,I«  **;> 


Hid  V,  - 


id}  K. 


£.  = — 


**<0*2  4 TC^tf,  r/L> 


. w hich  equals  3,  as  it  should. 


EVALUATE:  Part  ta)  says  q1  - qt(Ri  / ft ).  The  sphere  with  the  larger  radius  needs  mccc  charge  to  produce  the 
same  potential  at  its  surface.  When  ft  - R:%  qi  - q^  - QJ 2.  The  sphere  with  the  larger  radius  has  the  stmllcr 
flcctrx  field  at  its  surface. 

IDENTIFY:  Apply  - 1'  - j ‘ £ <i 


*Q\S  ' 


S»:r  UK  From  Problem  22.57.  for  r 2 £ , £ — . I ce  rZR  . £--^14 — - 3-  , 


*Q 


f‘C>  V..  *{? 


Execute:  (a)  rift  £ - -4.  ~>  V - - j - — . which  bk  the  potential  of  a point  charge 


(hi  riff:  E^^l  4ll-3^ 
R R 


and  ; 


u-\w-\ £*,*£  i-24+2*44-4  -ttl  4-24.2]. 

J J R‘  R‘  R'  Rk  R R 1 i?* 


Ev ALI  ATE:  At  r - . F - . At  r - 0 , V - . The  electric  field  is  radially  outward  and  V incrciscs  is  r 

R R 

decreases. 

IDENTIFY’:  Apply  conservation  of  energy:  £ - £ . 

SET  UP:  In  the  collision  the  initial  kinetic  energy  of  the  two  panicles  is  converted  into  potential  energy  at  the 
distance  of  closest  approach. 

Execute:  (a)  The  two  protons  must  approach  to  a distance  of  2r  . where  r is  the  radius  of  a proton. 


£ - £ gives  2 


r ' 


kiT 

and  v - 

2r 


All  60*  10  **  O'  ___  . . 

. 7.58x10  m/s  . 

2(1.2x10  ‘mil  1.67x10  J kg> 


|b>  For  a hrlium  helium  collision,  the  charges  and  masses  change  from  (a)  and 
v.  *(2(1.60*10  "C|)!  ,726xl0. 

<3.5x10  ‘ ml|2.99|(  1.67x10  * kg) 

C)  K.UL.St.  7 ; .fvj, K)~  m '*  - 2.3. 1(,‘  K . 

2 2 ' 3*  3(1.38*  10  J/K) 

.V,  CMMW*  warf  ■*)»  K. 

3 k 3(1.38*10  J/K) 
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23.86. 


23.87. 


23.88. 


(d>  These  calculations  were  based  on  the  particles'  average  speed.  The  distribution  ot*  speeds  ensures  that  there  are 
always  a certain  percentage  with  a speed  greater  than  tlx  average  speed,  and  these  particles  can  undergo  the 
necessary  reactants  m the  sun’s  core. 

EVALUATE:  The  kitxlic  energies  required  for  lusson  correspond  to  very  high  temperatures. 

IDENTIFY  jml  SET  UR  Apply  Kq.l2J.20l.  -\\  - Vt  and  F - Vx  = f F.  ,ti 

EXECUTE:  (a)  E 3 / - — j - l-L*  - -2 Axi  + 6A\j  - 2A zk 

<lx  dy  & 

(b)  A charge  is  min  ed  in  along  the  r -axis.  The  work  done  is  given  by  W = qj  E • kdz  - qi  ( -2A:)dz  - . 


Therefore,  A - 


6.00x10  ’ i 


r _ 640  V/m 5 . 


qz\  (1.5x10  * C 1(0.250  m) 

(cl  C<0.0. 0.250)  * -2(640  V/m*  <0.250  m * = -{320  V/m| k . 

(d)  In  every  plane  parallel  to  the  ar«pbnc.  y ts  constant,  so  r(a*,v,r)  - Ax'  + Az'  - C . when:  C - 3dr*. 

.v*  r :* R' , which  is  the  equatam  ftir  a circle  since  R is  constant  as  long  as  we  have  constant  potential  on 

A 

those  plaixs. 

(e)  V - 1280  V and  y - 2.00  m . so  r*  ♦ r 


1280  V r 3(640  V/m*M2.0O  m> 


1 4.0  m*  and  the  radius  of  the  circle 


640  V/m* 

is  3.74  m. 

EVALUATE:  In  any  plane  parallel  to  the  tr-plarx.  E projected  onto  the  plane  is  radial  and  hence  perpendicular  to 
the  equipotential  circles. 

IDEYIIFY:  Apply  conservation  of  energy  to  the  motion  of  tlx  daughter  nuclei. 

SET  Up:  Problem  23.73  shows  that  the  electrical  potential  energy  of  the  two  nuclei  is  the  same  as  if  all  their  charge 
was  concentrated  at  their  centers. 

EXECUTE:  (a)  The  two  daughter  nucVri  have  hilf  the  volume  of  the  original  uranium  mxleus.  so  their  radii  are 


smalVrr  by  a factor  of  the  cube  root  of  2:  r - 


7.4k  10  "in 


35 


-5.9*  IQ  in. 


2r  1.18x10  'm 

nucleii*.  K =U/2-  (4. 1 4*10"  J)/ 2 - 2.07-10  " J . 

(c)  If  we  have  10.0  kg  of  uranium,  then  tlx  nunfocr  of  nuclei  is  n - 


lO.Okc 


-2.5Sx  I0;*  nuclei . 

(236  uX  166*  10  * kg/u) 

And  each  releases  energy  U,  so  E - nU  - (2.55*  I0*X4. 14x  10  “ J) 1.06*  I0‘*  J ^ 253  kiloCocxs  of  TNT  . 

(d)  We  could  call  an  atomic  bomb  an  **clectrx~  bomb  since  the  electric  potential  energy  provides  the  kinetic  energy 
of  the  particles. 

EVALUATE:  Thrs  simple  mtxlel  considers  only  the  electrical  force  between  the  daughter  nuclei  and  neglects  tlx 
nuclear  force. 

IDENTIFY  and  SET  l u In  part  (a)  apply  E - In  part  (b)  apply  Gauss’s  law. 


gy 

EXECUTE:  (a)  Tor  rSd  , - • - 


2£l 

18c.  a'  a 


pji  r r 2 dV 

.For  Q.  £has 


V*  SI* 


only  a radial  component  because  V depends  only  on  r. 
lb)  For  rid.  tiaun’i  law  give*  £ 4 zr!  - — - in>  ‘ 

*u  ^.l*1  “*J 

4«(r*  + 2 rd,)  - 2^.  - ££.  I H±  - -’d'>  * 2rJr) . Therefore, 

s •'*,  I “ *•  : 


e,*- 


.^^riterdr^A^d,  ind  A |-±  . 

< «,  \ a'  a a‘  a J a ] l Jo 
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23.89. 


23.90. 


23.91. 


(cl  For  r i a , /Mr)  - 0 . so  Ibc  total  charge  enclosed  will  be  givvm  by 

Q - 4.T  J p(r)r!dr  - 4.t/>  J * f r3  - rfr  = 4ap,  ir ' - ( =0 

EVALUATE:  Apply  Gauss's  law  to  a sphere  of  radius  r > R . The  result  of  part  (c)  says  that  - 0 . so  E - 0 . 

This  agrees  with  the  result  we  calculated  in  part  (a). 

iDEVlin  : Angular  momentum  and  energy  must  be  conserved. 

SET  l.P:  At  the  distance  of  closest  approach  th:  srecd  rs  not  zero.  E - K ■ f J . o,  = 2r.  flj-  K2c  . 


EXECUTE:  mw6  - mwr  . £ - E,  gives  £ - —m\\  + — - 1 1 MeV  - 1 .76x  10  1 J . r.  is  the  distance  of 


closest  approach.  Substituting  in  for  \\  - v _ we  find 


i-aiUiSSL. 


(£,Vj3  —{tqfcfc-Efi1  =0 . For  /<  = 10  '•  m . >-,=1.01*10  ,3m.Forh  = IO  "m,  r.  = 1.11*10  "m. And  for 
6 = 10  “ m . r,  =2.54*10“  m. 

EVALUATE:  As  h decreases  the  collisxm  is  closer  to  being  head-on  and  the  distance  of  closest  approach  decrease*. 
Problem  23.82  shows  that  the  distance  of  ciosest  approach  is  2.15x10  M m when  b-0. 

IDKKIIIY:  Consider  the  potential  due  to  an  infinitesimal  slice  of  the  cylinder  and  integrate  over  the  length  of  the 

dV 

cy  linder  to  find  the  total  potential.  The  electric  field  is  along  the  axis  of  the  tube  and  is  given  by  E — - — . 


SET  l.P:  Use  the  expression  from  Fxamplc  23.1 1 for  the  potential  dia:  to  each  infinitesimal  slice.  Let  th:  slice  be  al 
coordinate  r along  the  v-axis.  relative  to  the  center  of  the  tube. 

Execute:  (a)  For  an  infinitesimal  slice  of  the  finite  cylinder,  we  have  the  potential 

...  kdO  kO  dz  , . 

d\  ■ ~ — ■ ■ - Integrating  gives 


Mx-z)’  + '\{x-z't  + R' 


V ■ 


tO  ? dz  *Q*{-  da 

— | ■ i i where u - x- z 

i-  ifiJT-zfTF  I ■ 4 -Vi r-R- 


- x- z . Therefore, 


■'4'" 


ja/2-xy+ft‘  +(U2-xi 

Jli/2  + j)1  R1  - L!2  - .< 


on  the  cylinder  axis. 


(b>  For  /.  « R.  V * 


/|£,'2  - »)!  t-  R!  + L/2 - x ^ft|n  Jx*-xL  + R'  +Ll2-> 

L JlL/  2-’iy  <R’  - LI 2 - .<  1 4x!+xL  + R‘  -Ltl-x 


nfl-xL/Ot1  *£h  I - xl/2l  R-  *x‘ ) + IX.  .'2  - x)/jR‘  « ■’ 

/-  j Jl  -•  xL/(R‘  . .*-’>»  2 - x,,\jR-  ♦ x‘  L i + -» 


I-  t-L/2-jR-  +<’ 


\-)’,-L:'2-x);jR-  .x’ 

- 1\ 


J.  i 

-rriJF-7~  T77FT7 


V » — - ‘ . which  i»  the  same  at  for  a ring 


<c>  E, 


L 2-JPfR1  yjx‘  + R 

gy  2*t»(  jll-2x)  +iR:  - JtL  * 2.«)J  4R: 

E , i 

& j(L-2x)‘<-iR ',/(/.+  2xY-’iR- 

EVALUATE:  For  L « R the  expression  for  Et  reduces  to  that  for  a ring  of  charge,  as  given  in  Fxamplc  23. 14. 
iDEVnFY:  When  the  oil  drop  is  at  rest,  the  upward  force  |^|£  from  the  electric  field  equals  the  downw  ard  weight 
of  the  drop.  When  the  drop  is  falling  at  its  terminal  speed,  the  upwjrd  viscous  force  equals  the  downward  weight  of 
the  drop. 

SET  IP:  The  volunx  of  the  drop  is  related  to  its  rxhus  / by  V - — . .rr* . 


Execute 


If.:  (a)  F,  - mg  - tL-pg  . F,-|«J£=  ■ F.  = Ft  jive*  |,| - tlCL^L . 

3 3 1 M 


Electric  Potential  23-33 


23.92. 


far* 

(b>  — ; — pg  - gives  r - ^ 1 * . Urinu  this  result  to  replace  r in  tlv  expression  in  part  (a)  gives 


W-T# 


.S,JL  lilL. 
I'-VVs 


c»  U-  ^'-'0'N^:;i«.l"'n,;39.3„'_4a)<|0  „ _ 

Pl  9.16  V V 2(824kg/m)9.80m/») 


The  drop  has  acquired  three 


excess  electrons. 


9(1  X l x lOT * N • s/m'MI .00x10'*  m/39.3 s)  _ n_  t_- 

r - 5.07x10  m- 0.507  /jm. 

2<S24  kg.'m  H9.80mysi) 

EVALUATE:  The  weight  of  the  drop  is  J — — j pg  - 4.4  x 10  1 ' X . The  density  of  air  at  room  temperature  is 
1 .2  kg  m* . «i  the  buoyancy  forec  is  p^Vg  - 6.4  x 10  “ X and  can  be  neglected. 


identify:  i - 


ft 


SET  UP:  /:  - A',  + Kx  +U , where  t/  - 


Execute:  <.>  , , |6‘10  W "<*>•<”»  _ 700  ,, 

~ 6.0x10 * kg  * 3.0x10  kg 

(b)  £m  - i.w|rl1  - «^1  fff,  -t-  <wJ)v^  . After  expanding  the  center  of  rmss  velocity  and  collecting  like 

icrnu  £ - ‘ ***  |V  + !;•*  - -i|V;  ] + ^ a ip(v,  - v,  ('  - t?dL 
2 m,  -f 1,  r 2 /* 

,c,  £.  . 1<2.0„0  ^>,900  ^ , *(2°><l0;gw5m0,<10  ‘ Q -..9  J 

(d I Since  the  energy  is  less  than  zero,  the  system  rs  “bound." 

D.ff| 

(e>  The  maximum  separation  is  when  the  velocity  is  zero:  -1.9  J — — gives 

r 

r.«;a""  c-s QM7n|. 

-1.9  J 

(f>  Now  using  v - 400  m/s  and  v - 1800  m/s  f we  find  E - +9.6  J . The  particles  do  escape,  and  the  final  relative 


velocity  .*  k -v,U  I 'EH  - | 2196  J>  - 9S0  mi 
■ 11  1 V p V 2.0x10  kg 


EVALUATE:  For  an  isolated  system  the  velocity  of  the  center  of  mass  is  constant  atxl  the  system  must  retain  the 
kinetic  cnergv  associated  with  tlx  motxm  of  the  center  of  mass. 


Capacitance  and  Dielectrics 


24.1.  Identify:  C»  — 

SETUP:  I ^/F  - 10  * F 

Execute:  Q - CY+  - 47.28x10  ‘ F>|25.0  V>^  1.82  X lO'4  c*.  182  fjC 
EVALUATE:  One  plate  ha*  charge  fQ  and  the  other  has  charge  -Q  . 

24.2.  IDDOIFY  and  SET  UP:  C - — , C - — and  V - Ed  • 


, v ^ A 0.00122  m*  ^ „ 

(a)  C««. 3.29  pF 

J 0.00328  m F 

4b)V^-f??rl0,.y..|32kV 

T 3.29x10  * F 

<c)£-L -I  V2-  10  V ,4.02xl(P  V/m 
d 0.00328  m 

EVALUATE:  The  electric  field  is  uniform  between  the  platen,  at  paints  that  aren't  close  to  the  edge*. 

24.3.  IDENTIFY  and  Set  Up:  It  i*  a parallel  plate  air  capacitor.  *o  we  can  apply  the  equations  of  Sections  24. 1 . 


O O 0.148x10  ‘ C 

Execute:  (a)  c - — so  v.  - 6iM  v 

Vu  C 245x10  F 

Cd  1245x10  11  F|(0.328xl0  * m l 

lb)  C so  A 9. 

d c.  8.854x10  C*/N 


-10  in'  “90.8  cm’ 


(c 104  V 

d 0.328x10  m 


I H4x|Cf*  V/m 


<d>  — so  rr  - AY,  -(1.84x14/  V/oi)(8.8S4xl0~**  C'/Nm’)-  1.63x10  C/mJ 

EVALUATE:  We  could  also  calculate  a directly  os  Q/A.  a - — ' ***  — — 1.63 x 10  ' Cl m\  which  checks. 

7 V A 9.08x10  m 

24.4.  IDENTIFY : C - . "ben  there  is  air  between  the  plates. 

d 

Set  UP:  a - (3.0x  10  : mlJ  is  the  area  of  each  plate. 

Execute:  c_<*.»S4..o  I*,h.v0-  m.-  a|39K,0-»  ,-,.S9  pF 

5.0x10  m 

EVALUATE:  C increases  when  A increase*  and  C increases  when  d decreases. 

24.5.  IDENTIFY':  C - — C-  — 

VU  d 

SET  UP:  When  the  capacitor  is  connected  to  the  batten . - 1 2.0  V . 

Execute:  (a)  q-cv^* iio.o*io"  Fxi2.ovi-i.20x  10 4 c-120 pc 
<b>  When  d is  douWed  C is  halved,  so  Q is  halved.  Q _ 60  fjC  • 

<c>  If  r is  doubled.  A increases  by  a factor  of  4.  C increase*  by  a factor  of  4 and  Q increases  by  a factor  of  4. 

Q - 480  fiC. 

EVALUATE:  When  the  plate*  are  moved  apart.  less  charge  on  the  plates  is  required  to  produce  the  same  potential 
difference.  With  the  separation  of  the  place*  constat*,  the  electric  field  must  remain  con>4ant  to  produce  the  *amc 
potential  difference.  The  electric  field  depend*  on  th:  surface  charge  density,  a . To  produce  the  same  a . nxirc 
charcc  is  required  when  the  area  increases. 
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24.6. 


24.7. 


24.8. 


24.9. 


24.10. 


iDKNim  : C - — . c - — . 

X.  J 

SET  UP:  When  the  capacitor  is  connected  to  the  batten*,  enough  charge  flow's  onto  the  plates  to  make  1'^  - 12.0  V. 
Execute:  (a)  12.0  V 

<b)  <i)  When  d is  doubled.  C is  halved.  V+  - ^7  and  Q is  constant.  so  V doubles.  V - 24.0  V . 

< ii I When  r is  doubled.  A increases  by  a factor  of  4.  V'  decreases  by  a factor  of  4 and  l'  - 3.0  V . 

EVALUATE:  The  electric  field  between  the  plates  is  £ - QUrA  . V*  - £d  . Wten  d is  doubled  £ is  unchanged  and 
V ikiubles.  When  A is  increased  by  a factor  of  4.  £ decreases  by  a factor  of  4 so  V decreases  by  a factor  of  4. 

IDENTIFY  : C - — . Solve  for  d. 

d 

SETUP:  Estimate  r-  1.0  cm.  A - xr* . 


Execute:  c-^  ■ 2.8 


at*.  1 


d C 1.00  x10  * F 

Evaluate:  The  separation  between  the  pennies  is  nearly  a factor  of  10  smaller  than  the  diameter  of  a penny,  so  it 
is  a reasonable  approximation  to  treat  them  as  infinite  sheets. 

Increase:  C = — . l'  - LJ . C - — 

V.  d 


kin  . 


SET  Up:  We  want  £ - 1.00 x 10'  N fC  when  V ^ 100  V . 

Execute:  <»)  j - — -1 — — - — — - l.OOx  10  : m - 1.00  cm . 

£ 1.00x|04  NiT 

^«jS.0C>*10  FKl.ft:  -10  J$  6Sx|0  ^ m:  , E , 4 24x  10  * m - 4.24 

t,  8.S54xlO  11  CJ/(N  mJ)  V t 

(b>  Q*CV+  =(5.00x10'^  FKl  OOxlO1  V)  = 5.00 x 10'“ C = 500 pC 

EVALUATE:  C - — . Wc  could  have  a larger  d.  along  with  a larger  A.  and  still  achieve  the  required  C without 

d 

exceeding  the  maximum  allowed  £. 

IDENTIFY:  Apply  the  results  of  Example  24.4.  C - QJV  . 

SET  UP:  r4  - 0.50  mm  . rh  - 5.00  mm 

Execute:  <.,  “S-  J°  ,,0n,l-»-  . 4 .3S,.0»  F. 

I*  (r./O  Im.S.OQ'O.SO) 

(b)  V'-O/C^IIO.O-IO  11  C)A4.J5«1(>  “ F>  = 2.30  V 


Evaluate:  — - 24.2  pf: . This  value  is  similar  to  those  in  Example  24.4.  The  capacitance  is  determined  entirely  by 

the  dimensions  of  th:  cylinders. 

IDENTIFY:  Capacitance  depends  on  the  geonxrtry  of  the  object. 

(a)  SEr  UP:  The  capacitance  of  a cylindrical  capacitor  is  C 1—11—  Solving  for  /.  sixes  r - re*7'*1  1 . 

,nK/rJ 

EXECUTE:  Substituting  in  the  numbers  for  the  exponent  gives 

2r{  8.85  x 1 0 IJ  C*/N  m*  )(0. 1 20  m> 


0.182 


3.67  x 10  " r 


1 ua 


Now  use  this  value  to  calculate  r£  »v  « rA  e =l  0.250  cm }t  = 0. 300  cm 

(bl  SET  Up:  Eot  any  capacitor.  C = Q/V  and  A = QfL.  Combining  these  equations  and  substituting  the  numbers 
gixes  A - Q/L  = CV/L 
EXECUTE:  Numerically  wc  get 

ry  (3.67x10  "F)(I25V| 

A-- 3.82x  10  *C/m  = 38.2  nC/m 

L 0.120m 


EVALUATE:  The  di^ancc  between  the  surfaces  of  the  txvo  cvlin&rs  w oukl  be  only  0.050  cm.  which  is  Just 
0.50  mm.  These  cylinders  would  have  to  be  carefully  constructed. 
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24  3 


24.11. 


24.12. 


24.13. 


24.14. 


IDENTIFY  and  SET  IlK  Use  the  expression  for  Cfl  derived  in  Example  24.4.  Then  use  f:q«24. 1 1 to  calculate  Q. 

C Ire, 

EXECUTE:  <ia)  Prom  Example  24.4.  — 

l.  ln(r,/rj 

r 2.T|8.8SlxlO‘*'c'/Nm;) 

— 657  x 10  " F/m  - 66  pF/m 

/.  In { -5.5  mm'1.5  nun) 

lb)  C -|6.57xlO  11  I7m)(  2.8  m)  ^ 1 SI x 10  " P. 

Q-CV  i(l.84xl0'”  F|(350x  10  1 V).  64-10"  C^64pC 

The  conductor  at  higher  potential  has  the  positive  charge,  so  there  is  t-64  pC  <in  the  inner  conductor  and  -W  on 
the  outer  conducts. 

EVALUATE:  C depends  only  on  th:  dinxntionx  of  the  capacitor.  Q and  V are  pi opnrt icial. 

IDENTIFY:  Apply  the  results  of  Example  24.3.  C - QiV  . 


SET  Up:  r - 15.0  cm  . Solve  far  rk . 


Execute:  (a)  Por  two  concentre  spherical  shells,  the  capacitance  is  C - — 


*u-r. 


kCrk-kCr  - rr  and 


kCr  4(116x10  I'Tt0.15(m>  „ ___ 

kC-r,  4(116x10  F -0.150  m 
lb)  V - 220  V and  Q-C\>  -<H6xl0  ,J  FK220  V)  = 2.55x10  ' C. 

EVALUATE:  a parallel  plate  capacitor  with  A - 4 xrj>  - 033  m*  and  <*  = #;-£  - 2.Sx  10  : m has 

C - - 1 17  pF.  in  excellent  agreement  with  the  value  of  C for  the  spherical  capacitor. 

d 

IDENTIFY:  \Vc  can  use  the  drfimtion  of  capacitance  to  find  the  capacitaixc  of  the  capacitor,  and  then  relate  the 
capacitance  to  geometry  to  find  the  inner  radius. 

(a)  Set  Up:  By  the  definition  of  capacitance*  C = QA\ 

Execute:  C-—  - sl>' 111  ( -i.SOxlo  11  F=l5.0pF 
V 2.20  x 1 0‘  V 

(b>  SET  UP:  The  capacitance  of  a sphere al  capacitor  is  C - 4^. — 

rk~r* 

EXECUTE:  Solve  for  r„  and  evaluate  using  C = 1 5.0  pF  and  r*  = 4.(K)  cm.  giving  r4  = 3.09  cm. 

(cl  SET  UP:  Wc  can  treat  the  inner  sphrre  as  a point  charce  located  at  its  center  and  use  Coulomb's  law. 


Execute 


(9.00x10*  N-mVC’)( 3.30x10*  C) 
(0.0309  ml' 


- 10'  NiC 


EVALUATE:  Outside  the  capacitor,  the  electric  field  is  zero  because  the  charges  on  the  spheres  arc  equal  in 
magnitude  but  opposite  in  sign. 

IDENTIFY:  The  capacitors  between  b and  c are  in  parallel.  This  combination  is  in  senes  with  the  15  pF  capucitor 
Setup:  Let  C,  ^ 15  p«;.  C2  =9.0 pF  and  C,  =llpF. 

EXECUTE:  (a)  For  capacitors  in  parallel.  C = C.  ♦ C\  ♦ • • - so  C\.  = C\  + C,  * 20  pF 


(b>  Ct  - 15  pF  is  in  series  with  Clt  = 20  pF . For  capacitors  in  series.  — — + — -f  •••  so  — — - and 

C*  Q c,  c2l 


- r.f-  USpFXMpF).. 
1)1  C,+C-  15  pF-f  20  pF 


E VALL  ATE:  For  capacitor*  in  pirallcl  th:  equivalent  capacitance  is  larger  than  any  of  the  individual  capacitors.  For 
capacitors  in  series  the  equivalent  capucitancc  is  smaller  than  any  of  the  individual  capacitors. 
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24.15.  IDENTIFY:  Replace  senes  and  parallel  combination*  of  capacitors  by  their  equivalents.  In  each  equivalent  network 
apply  the  rules  for  Q and  V for  capacitors  in  series  and  pair  all:  1:  start  with  the  simplest  network  and  work  b:*:k  to  the 
original  circuit. 

SET  UP:  Do  purts  (a)  and  tb)  together.  The  capacitor  network  is  drawn  in  Figure  24.15a. 


C,  = C3  = C>  = C4  = 400  /iF 
I'  = 28.0  V 


— IH  tr  Hhr 


24.15  a 

EXECUTE:  Surgilify  the  circuit  by  replacing  the  capxitor  combinations  by  their  equivalents:  C,  and  C.  are  in 
scries  and  are  equiv  alent  to  CiX  (Figure  24. 15b). 

Ill 

Figure  24.15b 

rr  (4.00x10  * Flla.0(»»10  * FI 

1 2.00x10- F 

C,»C,  4.1X1.10'  F-* 4.00x10*  F 

r,:.  and  C.  are  in  parallel  and  are  equivalent  to  C*lj;  I Figure  24.15c). 

C 


-r^n-  hi. 


Ctii  elflOx  10^  F ♦ 4.00x10  * F 
C...  = 6.00x10'*  F 


Figure  24.15c 

r and  C are  in  series  and  are  equivalent  to  (Figure  24.l5dt. 


H h-. 


Figure  24.1 5<l 

C...C,  | 6<K)»  10"  F)(4.00>  10  " F) 


2.40?  IQ*  F 


Cm  ♦ Ct  6.00x10*  F+ 4.00x10^  F 
The  circuit  is  equivalent  to  the  circuit  shown  in  Figure  24.15c. 


ViiM  - V - 28.0  V 


t?,y4  - c^y  - ( 2 40  x 1 ° " F)< 28  ° v ) = 67  2 & 


Figure  24.15c 

Now  build  bx*k  up  the  original  circuit,  step  by  step.  Flikt  represents  C*|j4  and  Ct  in  series  (Figure  24.1Sf>. 

vj°  I fli.-a-flii.-aa/ic 

* o | | ' l charge  same  for  capacitors  in  series i 

Figure  24.151 


Then  = H2V 

- Ctll  6.00  /jF 

C,  4.00  ^F 

Note  that  Vf  ♦ V - 16.8  V ♦ 1 1.2  V = 2S.0  V.  as  it  should. 
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Next  consider  the  circuit  as  written  in  Figure  24.15g. 


^’1  l ^ 

l,=F„  = 280V-V. 

1/  — 1 1 7 V 

t° 

Cl,  l 

v t — I l » 

ft.  =cy,  = |4.ofl/iF)(ii^  vj 

V - 28.0  V 

l 1 

Q . - 44.8  liC 

l c 

1 1 

ftJ-C^,-(2.00^FK"-2V) 

<4*  - |6.8V 

ft.  = 22.4  >C 

Figure  24.15k 

Finally,  consider  the  original  cireuit.  as  shown  in 

Figure  24.l5h. 

ft -ft  = ft.  = 22.4  ,/C 

~ 1 1 

(charge  same  for  capacitors  in  scries) 

t ° 

Cy 

V-0  4 /c  _ 56  v 

V - 280V 

^ 11.2 v 1.1 

1 c,  4.ai  /jF 

J - 

. | 

ft=22.4^C  = 56V 

9 ( 

Cj>V4-  168  V 

C,  4. HI  fA' 

Figure  24.1 5h 

Note  that  V',  -f  V2  = 1 1.2  V.  which  equal*  V,  a*  it  should. 
Summary:  Qx  ^ 22.4  jjC.  l'(  ^ 5.6  V 
Q.  - 22.4  pC.  K-5  .6V 
Q,  - 44. H /iC.  V,  = 1 1 .2  V 


<c>  V'4  = V4  = 1 1.2  V 

Evaluate:  V',  + V,  = V.  or  l’, . V.  ■*  F.  ft  = 0,.  0 -►  ft = 0,  ™i  ft  = 0.-- 

24.16.  iDEVnn:  The  two  capacitor*  arc  in  series.  The  equivalent  capacitance  is  given  by  — — • — . 

SET  UP:  For  capacitors  in  series  the  charges  arc  the  >omc  and  the  potentials  add  to  give  th:  potential  across  the 
network. 

Execute:  (a)  J_  ^ -L  , _L  = ! t- ! 5.33  x 10’  F 1 . C = 1 .SK  x 10*  F . Then 

C,  C , 13.0-10  ‘F>  iS.OxIO  F)  ” 

Q-VC^  - (52.0  Vxl.SBx  10  * F)  -9.75x10  ' C.  Each  capacitor  h»  charge  9.75x10  'C. 

<b»  - QIC , -9.75x10  ' C/3.0- 10*  F-32.5  V. 

V,  * 0/C,  -9.75- 10  ' C/5.0- 10  * F = 19.5  V . 

Evaluate:  V'(  » V,  - 52.0  V . which  i.%  equal  to  tlx*  applied  potential  . The  capacitor  w ith  the  vnuller  C hac  ihe 

larger  V. 

24.17.  iDEVnn  : The  twocapaciUirs  are  in  parallel  so  the  voltage  is  the  same  an  each,  ami  equal  to  the  applied  voltage 
SET  UP:  Do  parts  <u)  and  t b)  together.  The  network  is  sketched  in  Figure  24. 17. 

Execute:  VlmVl 
Vt  a 52.0  V 
V3  - 52.0  V 

Figure  24.17 


C - Q/V  so  Q - CV 

Q{  - cy%  - (3.00  /jF  1(52.0  V)  - 156  /iT.  Q.  - C3V3  - (5.00  pF|{52.0  V)  - 2«l  /iC. 

EVALUATE:  To  prosfcicc  the  same  potential  difference,  the  capacitor  with  the  larger  Chas  the  larger  Q. 
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24.18. 


24.19. 


24.20. 


24.21. 


24.22. 


IDENTIFY:  Foe  capacitor*  in  parallel  the  voltages  are  the  sans:  and  lh»c  charges  add.  For  capacitor*  in  series.  the 
charges  are  the  same  and  the  voltage*  add.  C - QtV  . 

SET  Up:  C,  and  C.  arc  in  parallel  and  C,  is  in  scries  with  the  parallel  combination  of  C,  and  . 

EXECUTE:  (a)  Ct  and  C arc  in  parallel  and  *o  haw  the  same  potential  across  thm: 

!"  - 1 3.33  V . Therefore.  Q,  = l'C,  =<13.33  V)<3.00x  10*  Fl  = 80.0x10 * C.  Since  C,  is 

in  scries  with  the  parallel  combination  of  C,  and  C1 . its  charge  must  be  equal  to  their  combined  charge: 

C - 400*  10  * C 1 80 Ox  10 4 C >120.0x10 4 C . 


|b)  The  total  caparitance  is  found  from -» 


C\.  Cii  c*  9.(0  x 10  F 5.00  x 10  F 


— and  CU4  -3.21  //F. 


g^J2"O.IO‘C_374v 
CM  3-21x10  F 


Evaluate:  V^V.+V,. 

Ch  5.(0  x 10  F 

IDENTIFY  and  SET  UK  Use  the  rules  for  V for  capacitors  in  series  and  parallel:  for  capacities  in  parallel  the  voltages 
are  the  same  and  for  capacitors  in  scries  the  voltages  add. 

Execute:  Vt  >&/C,>(IS0/iC)/(3.fl0/jF)^S0V 
C,  and  C,  are  in  parallel,  so  K - 50  V 
V;*120  V-V,»70V 

Evaluate:  Now  that  we  know  the  voltages,  we  could  also  calculate  Q for  the  other  two  capacitors. 

IDENTIFY  and  Set  Up:  C - . For  two  capacitors  in  series. — 

<i  cm  c . 


Execute:  C -!  1 


. 4 +4 
- irn  — 7-r 


This  shows  that  th:  combined  capacitance  fee  two 


capacitors  in  scries  is  the  same  as  that  for  a capacitor  of  area  A and  tepeation  i d,  ♦ dl ) . 

Evaluate:  C ^ i*  smaller  than  cithrr  C,  or  Cx . 

IDENTIFY'  and  SET  UP:  C - — . For  two  capacitors  in  pirallcL  C ’ = C,  + C4 . 

<i 

EXECUTE:  c - C + C,  - 1-i- - -r-  * * , * 1 So  th;  combined capacitance  fee  two  capacitors  in  parallel  is 

d it  a 

that  of  a single  capacitor  of  their  combined  area  (\  -f  A J and  common  plate  separation  »/. 

Evaluate:  C^is  larger  than  cither  C,  or  C3 . 

IDENTIFY:  Simplify  the  network  by  replacing  series  and  parallel  coinbrnations  of  capacities  by  their  equivalents. 

SET  Up:  For  capacitors  in  series  the  voltages  add  and  the  charges  are  th:  same:  — ♦—♦•••  For  capacitors 

Cm  c,  C3 

in  parallel  the  vokages  arc  the  same  and  the  charges  add:  C - Ct  + C*  + ••  • C - — 


Execute:  (a)  The  equivalent  capacitance  of  the  5.0  pF  and  8.0  pY  capacitors  in  parallel  is  13.0  pY.  When  thes 
two  capacitors  arc  replaced  by  their  equivalent  we  get  the  network  sketched  in  Figure  24.22.  The  equivalent 
capacitance  of  these  three  capacitors  in  series  is  3.47  pY. 
lb)  Q M * Ck4V  - (3.47  pV <50.0  V)  - 174  pC 

(cl  Qt * is  the  same  as  Q for  each  of  the  capacitors  in  the  series  combination  shown  in  Figure  24.22,  so  Q for  each  of 
the  capacitor*  is  174  pC. 

Evaluate:  The  voltages  across  each  capacitor  in  figure  24.22  are  Vgt  - iil  - 17.4  V . I',  - 1^2.  - 13.4  V and 
v;  - 19.3  V . VH+Vl%+V,  ^ 17.4  V *13.4  V + 19.3  V ^ 50.1  V . The  sum  of  th:  voltages  equals  the  applied 

voltage,  apart  from  a small  difference  due  to  rounding. 

KLOuF 


9D*F 

Hh 


130  fif 

figure  24.22 
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24.23.  IDENTIFY:  Refer  to  Figure  24. 10b  in  the  textbook.  For  capacitors  in  parallel  C - C.  + C + •••.  For  capac  itors  in 


1 I 1 

series. ■*  — + •**. 

r,  c.  c 

SET  UP:  The  1 1 pF . 4 pF  and  replacement  capacitor  arc  in  parallel  ami  this  combination  is  in  scries  with  the 
9.(1  pF  capacitor. 

I 1 1 l 1 


EXECUTE: 


cjY  1 <H+4.0  + *>pF  9.0  Ur 


<15  + x)  uv  - >2  itv  and  r-57  pi  . 


EVALUATE:  Increasing  the  capacitance  of  the  one  capacitor  by  a large  amount  makes  a small  increase  in  the 
equivalent  capacitance  of  the  network. 

24.24.  IDENTIFY:  Apply  C - QfV  . C - — . The  work  done  to  Aiuble  the  separation  equals  the  change  in  the  stared 

d 

energy. 

Set  Up:  V - ! CV1  - — 

2 2C 

EXECUTE:  (a)  V ^ QIC  = (2.55  pC>/|920x  10  “ F>  ^ 2770  V 

<bl  C ?ays  that  since  the  charge  is  kept  constant  while  the  separation  doubles,  that  means  that  the  capacitance 

d 

halves  and  the  voltage  doubles  to  5540  V. 

<c>  U - — - * 1,1 — — . 3.53 x 10  * J . When  if  the  separation  is  doubled  w hile  Q Slavs  the  same,  the 

2C  2(920x10*“  F> 

capacitance  halves,  and  the  energy  stored  Ambles.  So  the  amount  of  week  Ame  to  nxive  the  plates  equals  the 
difference  in  energy  stored  in  the  capacitor,  which  is  333  x 10  i. 

EVALUATE:  The  oppositely  charged  plates  attract  each  other  and  positive  work  must  be  done  by  an  external  force  to 
pull  them  farther  apart. 

24.25.  IDENTIFY  and  SET  UP:  The  energy  density  is  given  by  Eq.(24. 11):  u - Use  V - Ed  to  solve  for  £. 


EXECUTE:  C alculate  £ : E 


400  V 


- 8.00x10*  V/m. 


d 5.00x10  m 

Then  a * -£(8.8S4xlO~“  C2/Nm*)(8.00x  I04  V/m)*  - 0.0283  J/m* 

EVALUATE:  £ is  smaller  than  tlx  value  in  Example  24.H  by  abixit  a factor  of  6 so  u is  smaller  by  about  a factor  of 
62=36. 

24.26.  IDEVHFY:  C . C *5^.  V+  - Ed  . The  stored  energy  is  iQV  . 

SET  Up:  d ^ l.50x  10*  m . IpC^IO^C 
0.0180x10"  C 


EXECUTE:  ia«  C - 


MOV 


-9.01x10"  F - 90.0  pF 


(h)  C-ilso  A-  — -mX)AW  " F),i  5,)^10  ‘ ra>  -0.0152  m*. 
d 8.854x10  “ C* H N nT) 

Icl  V - - < 3.0  x | O'*  V/m  Ml  .50x10  * mj^  4.5x10*  V 

( cl  > Energy  -^{n^lO.OlSOx  10*  Cl(  200  V)  ^ 1.80x10  ‘ J^-l.SOpJ 

EVALUATE:  We  could  also  calculate  tlx  stored  encrev  as  0-  - ' “ "*  J'  — ! — 1 .80  pJ  . 

2C  2(9.00x10  ' Ft 


24.27.  IDENTIFY:  The  energy  stored  in  a charged  capacitor  is  4CV2  . 

SETUP:  I pF - 10  * F 

Execute:  lev*  ^ 4<450x  10  * F)(295  V)2  - 19.6  J 

EVALUATE:  Thermal  energy  is  gerxrated  in  the  wire  at  the  rate  / K . where  / is  the  current  in  the  wire.  When  tlx 
capacitor  discharges  there  is  a tlow  of  charge  that  corresponds  to  current  in  the  wire. 
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24.28. 


24.29. 


24.30. 


IDENTIFY:  After  the  two  capacitors  arc  connected  they  must  have  equal  potential  difference,  and  their  combined 
charge  mint  add  up  to  the  txiginal  charge. 

SKI  l.'P:  C - Q/V  . The  timed  energy  till  -2--  icV'! 

EXECUTt:  <a)0-CV'.. 


(b»  V' 


andabo  O.  (»  - Q-  CV,  . C. -C  ard  C,  - i-  .«*  % - and  Q-2l.Q-  in 


■ . 


it  . -i 


a-je  «*v.^-i2.lvt. 


[Ou.LQl+QL  .if <W+^]mig_micv> 

2 C*(  C}  2 C r t 3 C 3 1 


Id)  The  original  U »a»  V - ACV0* . « AC  - -itT0' . 

6 

(e>  Thermal  energy  of  capacitor,  wires,  etc.,  and  elcctrumagmtic  radiation. 

Evaluate:  The  original  charge  of  the  charged  capacitor  must  distnbute  between  th:  two  capacitors  to  nuke  the 
potential  the  wmc  across  each  capacitor.  The  voltage  V for  each  after  they  arc  connected  is  let*  than  the  original 
voltage  V',  of  the  charged  capacitor. 

IDENTIFY  and  SET  Up:  Combine  Eqs.  (24.9)  and  1 24.2)  to  write  the  stored  energy  in  terms  of  the  separation 
between  the  plates. 


Exec i te:  (a)  U^—iC^  — 

2 C x 


.t 


(b)  .r  -♦  x •¥  dx  gives  U - 

,o- 


ill  = 


\A  \A 


£_ 


(c)  dW  - F dx  - dU.  to  F - 

(d>  Evaluate:  The  capacitor  plates  and  th:  field  hrtween  the  plates  are  shown  in  Figure  24.29a. 

******  E-tL-JL 

*> 

F=±QE.  nol  QF. 


f igure  24.29a 

The  reason  for  the  difference  is  that  E is  the  field  due  to  hith  plates.  If  we  consider  the  positive  plate  only  and 
caicuLilc  its  electric  field  using  Gauss's  law  I Figure  24.29b): 

UdA-2^. 


2LA- 


a A 


r-f-.J- 
2f  2*A 


f igure  24.29b 


The  force  this  fiekl  exerts  on  the  other  plate,  that  has  charge  -Q.  is  F - JtL—. 

IDENTIFY:  C — . The  stored  energy  can  be  expressed  eithrr  as  1 — or  as  — - — . whichever  is  more  convenient 

for  the  calculation. 

Set  UP:  Since  d is  halved.  C doubles. 

Execute:  (a)  If  the  separation  distance  is  halved  while  the  charge  ls  kept  fixed,  then  th:  capacitance  increases  and 
the  stored  energy,  which  was  8.38  J.  decreases  since  V - Q1  jlC.  Therefore  the  new  energy  is  4. 19  J. 
lb)  If  th:  voltage  is  kept  fixed  whib:  the  separation  is  decreased  by  one  half,  then  the  doubling  of  the  capocitaixe 
leads  to  a doubling  of  the  stored  crergy  to  16.8  J.  using  V - CV‘  12 . when  V is  held  constant  throughout. 
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24.31. 


24.32. 


24.33. 


24.34. 


EVAIXATE:  When  the  capacitor  is  disconnected.  the  stored  energy  decreases  because  of  Ihe  positive  work  done 
the  attractive  force  between  the  plates.  When  the  capacitor  remains  connected  to  the  battery.  Q - CV  tells  us  that 
charge  on  the  plates  increases.  Tbc  increased  stored  energy  comes  from  the  battery  when  it  puts  more  charge  cmlc 
plates. 

Identify  jnd  Set  Up:  C-^-  V - 4CV'1 . 

EXECUTE:  (a)  Q - CV'  = (5.0  //FRI.S  V)  - 7.5  uC  . V - iO'1  =4)5.0  //FRl.S  V)J  - 5.62  ill 
lb)  V ^iCV'1  = 4C<g/C)’  -Q’HC  . Q-jlcU^JltSO-U)'  F)ll.0J>  ^ 3.2-IO  ‘ C. 

C S.Ox  10  F 

EVALUATE:  The  slaved  energy  is  pcopoftional  n>  Q'  and  10  V'1 . 

IDENTIFY:  Pic  two  capacitors  arc  in  series,  -i L.ii-f-1  U-iCU1. 

c„  r c , v 

SET  lJl»:  For  capacitors  in  series  the  voltages  add  and  the  charces  are  the  same. 


Execute:  (a)  — — so  c - 


CC 


(150  nFx  1 20  nF> 


- 66.7  ni: . 


^ Cx  Cx 


^ C,-fC2  1 50  nr  r 1 20  nr 
Q = CT  = <66.7  nF>t36  V)  - 2.4x  10  * C - 2.4  //C 
(t»  Q - 2.4  >iC  for  eac  h capacitor. 

|c)  V = ■-  y(66.7  x 10  v F*36  V)*  - 43.2  fi\ 

(d>  We  know  C and  Q for  each  capacitor  so  rewrite  V in  terms  of  these  quantities.  V -±CV*  -%C(QfCy  - Ql  t2C 

150  nF:  U - i2A*U}“  ° a 19.2  : 120  nF:  U - < 14x1(1  Cy  - 24.0  /jJ 

2<150x  101  F)  2*12(1x10  Fj 

Note  that  19.2  // J r 24.0  fj J - 43.2  //J  . the  total  stored  energy  calculated  in  pari  <ck 

(e)  1 50  nF:  1’  - — - ?'**  * ' S - .6  V ; 1 20  nF:  V'  = — - ~ 4 ‘ * S - 20  V 

C 150x10  4 F C 120x10'*  F 

Note  that  these  two  voltages  sum  to  36  V’.  the  voltage  applied  across  the  network. 

EVALUATE:  Since  Q is  the  same  the  capacitor  with  smaller  C stixes  more  energy  < (J  - Q’  f2C  I and  has  a larger 
voltage  \ V - QfC ). 

IDENTIFY:  Tbc  tw  o capacitors  xc  in  parallel.  CH  - C,  -f  Cl . C-  U *=  iCY*. 

SET  UP:  For  capacitors  in  parallel,  the  voltages  arc  the  same  and  the  charges  add. 

Execute:  (a)  ^ cx  + ci  = 35  nF + 75  nF  a 1 10  nF  _ CHV  - 1 1 10x  10  v FX220  V)  - 24.2  /jC 

(b)  V'  - 220  V for  each  capacitor. 

35  nF:  » C*V  = 1 35  x 10  v F)<220  V)  = 7.7  fjC  : 75  nF.  - CnV  ^ (75 x 10  4 F)l  220  V)  = 16.5  /iC . Note  that 

(c>  UtA  “7!*  10x  10 * FK220  vr  - 2.66  mJ 

<d>  35  nF:  Ul%  = AC„VJ  = £<35x10  4 FX220  V)1  ^0.85  mJ  : 

75  nF:  - £ C^V*  - £<75x  10  * FX220  W - 1.81  mJ  . Since  V is  the  same  the  capacitor  with  larger  C stews  more 

energy. 

(el  220  V for  each  capacitor. 

Evaluate:  The  capacitor  with  the  larger  C has  the  larger  Q. 

IDENTIFY:  Capacitance  depends  on  the  geon>:try  of  the  object. 

(a)  SET  Up:  The  potential  difference  between  the  core  and  turtle  is  V - — - — ln(  rjr  ) . Solving  fee  the  linear  charge 


2« 


density  gives  /. 


2xt\r  4 M.V 


M'i'O  2k,(rtlr) 
Execute:  Using  the  given  values  gives  k - 


6.00  V 


2|  9.00  x 1 0V  N • m'/C1 ) ln[ 


-6.53x10  1 CVm 


if  ** 
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24.35. 


24.36. 


24.37. 


24.38. 


(b>  Set  Up:  q~xl 

Execute:  0-16.53x10  1 C/m)(0.3S0  mj  = 2.29*IO 11  c 
(c>  Set  UP:  The  definition  of  capacitance  i % C-  QfV  . 


EXECUTE:  ( 


$.31*10  “ F 


6 (H)  V 

(d)  SET  UP:  The  energy  stored  in  a capacitor  is  U - 4CV2. 

Execute:  v ^<3.81  xio 11  Fjtb.oo  v>*  ^6.s5*io  J 

Evaluate:  The  stcred  energy  could  be  diverted  to  h:at  or  other  foerns  of  energy. 
IDENTIFY:  U - i QV  . Solve  foe  Q.  C - QfV  . 


S»;r  IT: 


f.\amnle  24.4  shows  that  for  a cylindrical  capacitor.  — 

L bit  rjr  > 


Execute:  (a)  U - IQV  gires  Q - ~ 


IV  2(3.20x10  1 1 


-1.60x10*  C. 


1.00  V 


<l»  - . — = expf 2ff<tlL/D - exU2x\LVfQ)  - e.\p<  2.r«J  15.0 m)<4.00  V)/(1.60x  10  * Ct)  -8.05. 

/.  bi<rh/rs)  rs 

The  radiut  of  the  outer  conductor  is  8.05  times  the  radius  of  the  inner  conductor. 

EVALUATE:  When  th:  r^io  rk  increases.  C/L  decreases  and  less  charge  it  stored  for  a given  potential 
difference. 

Identify : Apply  Fq.<  24. 1 1 l 

Q Q 

SET  Up:  Example  24.3  >hi>ws  that  E r between  the  convicting  shells  aixl  that  

4.re,r  4TC, 


Execute: 


£- 


rjy  \V+  |0.125  m|[0.14K  m|^120  V 96.5  V m 

r-r\  ~F~  a US  m -0.125  m f~  7 


(■(For  r = 0.126  m.  £-6(8-10'  V/m.  a = ^£’  ■1.64x10'*  l/m‘ . 

<b>  Far  r = 0.147  m.  £ - 4.47  x 10‘  V/m  . u -i*,£' =8.8S«  10 ' l/m‘ . 

EVALU  ATE:  (c)  No.  the  results  of  parts  la)  and  ibl  show  that  the  energy  identity  is  not  uniform  in  the  region  between 
the  plate*.  E increases  as  r increases,  so  u decreases  also. 

IDENTIFY:  Use  the  rule*  for  tenet  and  for  parallel  capacitors  toexpres*  the  voltage  for  each  c^iacitor  in  term*  of 
the  applied  voltage.  Express  V . Q.  and  E in  term*  of  the  capacitor  voltage. 

SET  UP:  Le  the  applied  voltage  be  V.  Let  each  c^iacitor  have  capacxtaixc  C.  U - iCl'*  fee  a tingle  capacitor  with 
voltage  V. 

EXECUTE:  <»)scric* 

Voltage  across  each  capacitor  is  172.  The  total  energy*  stceed  is  UK  - 2(lQVf2?)  - +CV3 

parafltT 

Voltage  a:ross  each  capacitor  is  V The  total  energy  stored  is  b\  - 2(|CV1 1 - CV* 


<b»  Q-CV  for  a single  capacitor  with  voltage  V.  0 - 2(qV/2|)  - Cl’:  Q , - 2ICI’)  - 2 CV:  Q,  - 20 


<c>  E - 17 d far  a capaeitee  with  voltage  V.  E,  - VI 2d:  E_  - V/d:  E,  - 2 £. 

EVALUATE:  The  parallel  combination  stores  more  energy  and  more  charge  since  the  voltage  for  each  capacitor  it 
larger  for  parallel.  More  eixrgy  stored  aixl  larger  voltage  for  parallel  meant  larger  electric  field  in  the  parallel  case. 
IDENTIFY:  V ^ Ed  and  C - QfV  With  th:  dielectric  present.  C = KCV . 

SET  IP:  V - Ed  holds  both  with  and  without  the  dielectric. 

EXECUTE:  (a)  V = £d  = (3.00x10*  v/m)tl.50«10  ' ml  = 45.0  V. 

Q - cy  = <5.00*  10  “ Fit  45.0  V)  = 2.25  « 10  10  C . 

(bl  With  the  dielectric.  C - KCV  = (2.701(5.00  pF|  = 13.5  pF . V u Mill  45.0  V.  mi 
Q = CV* (13.5x10 11  FK45.0  V)  = 6.0S x 10  C . 

EVALUATE:  The  presence  of  the  dielectric  incrcatcs  th:  amount  of  charge  th*  can  be  stored  fee  a given  pcecntial 
difference  and  elcctnc  field  between  the  places.  Q increases  by*  a factor  of  K. 
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24.39. 


24.40. 


24.41. 


24.42. 


24.43. 


iDCVniY  anil  SET  Uh  Q i*  constant  so we  can  apply  Kq.<24. 14 1.  The  charge  density  *>n  each  surface  of  the 
dielectric  i*  given  by  I:q.(24.l6). 

_ E,  £..  3.20-10'  V/m  , ,, 

K E 2.50-10  Vita 

(a)  o=o{\-\IK) 

= (8.854 xlO  ,iC'/N  m‘H3.20« lO  N/Cl  - 2833- 10 * C/m; 
a,  - (2.833- 10"  Om')l  - 1/1.28)-  6.20- 10  ' Clm‘ 

(b)  A*  calculated  ab ove.  K - 1.28. 

EVALUATE:  The  surface  charges  on  the  dielectric  produce  an  electric  field  that  partially  cancel*  th:  electric  field 
produced  by  th:  charges  on  the  capucifor  plate*. 

IDENTIFY:  Capacitance  depends  on  geometry,  and  the  introduction  of  a dielectric  increases  the  caparitance. 

Set  UP:  Ih»c  a parallel  plate  capacitor.  C - K^Afd. 

EXECUTE:  (a)  Solving  for  d gives 


Y Kt,A  (3.0118.85x10  "C'/N  m'x0.22  ml<0.2S  m)  m = , M 

n I li  1 * f* 


ui;  i 


.0x10  F 


Dividing  this  result  bv  the  thickness  of  a sheet  of  pjper  gives  u g sheets  • 

0.20  mm/shcet 

, , _t  , Cd  <1.0x10*  FK0.012  m)  4r 

(l»>  Salving  for  the  area  of  the  plates  gives  A 0.45  m' . 

y A'*,  (3.01(8.85x10-“  C/N  m') 

(c)  Tctlon  ha*  a smaller  dielectric  con*tant  <2.1 ) than  the  pxisterboaid.  so  she  will  need  more  area  to  achieve  the  same 
capacitance. 

EVALUATE:  The  u*e  of  dielectric  makes  it  possible  to  construct  reasonable  sized  capacitors  since  the  dielectric 
increases  the  capacitance  by  a factor  of  K. 

IDENTIFY  and  SET  UP:  For  a parallel  plate  caparitor  with  a dielectric  we  can  use  the  equation  C - K^Aid. 
Minimum  A nean*  smallest  possible  d.  d is  limited  by  the  requirement  that  li  be  less  thin  1.60x  10  V/m  when  is 
as  large  as  5500  V. 

t/  c>/u)  v* 

Execute:  V - Ed  rod  « — - — - 3.44 x io  * m 

£ 1.60x10  V/m 

Then  A-SL,  <»  23-0  ‘ FX3.44x.Q-  ,00,35|||, 

(3.60MS.HS4 x 10**  C‘  / N m*  I 

EVAI.UATE:  The  reUtion  V'  = lid  applies  with  or  without  a dielectric  present.  A would  have  to  be  larger  if  there  were 
no  dielectric. 

IDENTIFY  and  SET  UP:  Adapt  the  derivation  of  Eq<24. 1 ) to  the  situation  where  a dielectric  is  present. 

EXECUTE:  Fixing  a dielectric  between  the  plates  just  results  in  the  replacement  of  * for  in  the  derivation  of 
liquation  |24.20>.  One  can  follow  exactly  the  procedure  as  shown  for  liquation  <24. 1 1 1. 

EVALUATE:  The  presence  of  the  dielectric  increases  th:  energy  density  for  a given  electric  field. 

IDEVT1FY:  TTic  permittivity  * of  a material  is  related  to  its  dielectric  constant  by  t - ATe,. . The  maximum  voltage  is 

related  to  the  maximum  possible  electric  field  before  dielectric  breakdown  by  Vf-  - E^d  . E - — - — . where 

A Aij 

(T  is  the  surface  charge  density  on  each  plate.  The  induced  surface  charge  density  on  the  surface  of  the  dielectric  is 
given  by  <rt  — erl  1 — 1 / AT  > . 

Set  Up:  From  Table  24.2.  for  polystyrene  A"  - 2.6  and  the  dielectric  strength  t maximum  allowed  electric  Held)  is 
2- 10'  V/m. 

Execute:  <a>  t*K*,  =<2.6*,  = 22-10 " C’/N-ra' 

lb)  V_  - E^d-  (2.0-10'  V/mK2.0xl0  011  = 40-10’  V 

(c»  E — — ,irui  /r  -tE  - (2.3x10'"  CJ/N  m')l 2.0-1  <1  V/m)  = 0.46. 10  * C/m1. 


a _<t|  1-—  | -<0.46x10  ‘ C/m1  HI -1/2.6)  = 28x10-  C/m'. 

EVALUATE:  The  dc)  surface  charge  density  i*  <?_  - u -it  =1.8x10  ‘ C/m!  and  lb:  elecliic  field  between  the 
plates  is  £ = rr  . /«q  . 


2412  Chapter  24 


24.44. 


24.45. 


24.46. 


24.47. 


24.48. 


IDENTIFY:  C - Q/V  . C - KC0  . V - Ed  . 

SET  UP:  Table  24. 1 gives  K -3.1  for  mylar. 

Execute:  (a)  \Q  - Q - & = < K - !>&  - <£  - 1 )QV;  = <2.1X2.5x10°  FRI2  V)  =6.3x10  *C. 

<b>  a = <7(l-l/£)  so  g = I - 1/A')  = <9.3x10*  C)(I-l/3.1>  = 6.3xMr*  C . 

(cl  The  addition  of  the  mylar  doesn't  affect  the  electric  field  sirxe  tlx:  induced  charge  cancels  the  additional  charge 
drawn  to  the  plates. 

EVALUATE:  E - V id  and  V*  is  constant  so  E doesn’t  change  when  the  dielectric  is  inserted. 

(a i IDENTIFY  and  SET  UP:  Since  the  capacitor  remains  connected  to  the  power  supply  the  potential  difference 
doesn't  change  when  the  dielectric  is  inserted.  Use  Eq.<24.9)  to  calculate  V'and  combine  it  with  I:q.<24. 12)  to  obtain  a 
relation  between  the  stored  energies  and  the  dielectric  constant  and  use  this  to  calculate  K. 

nn~  /2I1. ssxio'  ji 

Execute:  Before  the  dielectric  i>  inserted  I!.,  - iC.V*  to  V - — - - ,1-1 - 10.1  V 

• \C,  \ 360*10"  F 

< 1»*  K-CIC, 

U0  - $C,V‘.  V = iCV'  to  C/C,  = VIUI 

V 1.85*10  ’ J-f  2.32*10’ J 
K - — ■ - 2.23 

U t 1.85x10  J 

Evaluate:  K increases  the  capacitance  and  then  from  V — 4 CV\  w ith  V constant  an  increase  in  C gives  an 
increase  in  U. 

IDENTIFY:  C^KCti.  C-  Q/V  . V t Ed  . 

SET  UP:  Since  the  capacitor  remains  connected  to  the  battery  the  potential  between  the  plates  of  the  capacitor 
doesn't  change. 

EXECUTE:  (a)  The  capacitance  changes  by  a factor  of  K when  the  dielectric  is  inserted.  Since  Vi*  unchanged  (the 
battery  is  still  connected).  * - .^|l  **  K - I SO . 

25-®  pc 

<b>  The  area  of  the  plates  is  ,t r1  - *<0.0300  m>:  - 2827  x 10  m*  and  the  separation  between  them  is  thus 


<,.t  (8.S5* IQ  11  CyN-m^M 24127x10  4 m1) 


12.5  x1(1  ,J  F 


< 10  ‘ m . Before  the  dielectric  is  inserted.  C - — — 

d V 


and 


i25.0x  10  15  0(2.00x10  m> 


c A (8.85  x 10  C7N  m*K2.S27x|0  m i 


2.00  v . Th:  battery  remains  connected,  so  the  poterrtial 


difference  is  unchanged  after  the  dielcctm:  is  inserted. 

<c)  Before  the  dielectric  is  inserted.  £ - — ~ ‘ ' — - 1CKK)  NC 

€uA  <S.85x|0  C*/N  mJX2.S27x!0  * m l 


Again,  since  the  voltage  is  unchanged  after  the  dielectric  is  inserted,  the  electric  field  is  also  unchanged. 

V 2.00  V 

EVALUATE:  £ 1000  N.T.  whether  or  mx  the  dielectric  is  present.  This  agrees  with  the  result 

d 2.00x10  m 

in  part  <c>.  The  electric  field  has  this  valix  at  any  point  between  the  plates.  We  need  d to  calculate  E because  V is  the 
potential  differerxc  between  points  separated  by  distance  d. 

IDENTIFY : C-KC,.  U - io,J . 


SET  Up:  C,  - 1 25  fj F is  th:  value  of  the  capacitance  without  the  dielectric  present. 

EXECUTE:  <»)  With  th:  dielectric.  C = <3.75x1 2.5  /iFj  - 46.9  //F . 
before:  U = iC„V'  =4(12.5*  10  * Fi(24.0  V)*  = 360  mJ 
after:  V =\CV‘  = £<46.9*10  * FM24.0  V);  - I3.S  mJ 
<b>  A U - 13.5  ml  - 3.6  ml  - 9.9  mJ  . The  energy  increased. 

EVALUATE:  The  power  supply  must  put  additional  charge  on  th:  places  to  maintain  the  same  (xitenlial  difference 
when  the  dielectric  is  inserted.  U - ?QV  . so  the  stored  energy  increases. 

IDENTIFY:  Gauss's  law  in  dielectrics  has  the  same  form  as  in  vacuum  except  that  the  electric  field  is  multiplied  by  a 
factor  of  K and  the  charge  enclosed  by  the  Gaussian  surface  is  the  free  charge.  The  capacitance  of  an  object  depends 
on  its  geometry. 

<a)  Set  Up:  The  capxri  lance  of  a parallel  pi  ate  caparitor  is  C - Kc^A/d  and  the  charge  on  its  plates  is  Q = CV 


Capacitance  and  Dielectric*  24-13 


EXECUTE:  first  find  the  capacitance: 

C^-|>IKSIS’I|1' CN  nK0.02:5  418xl0,.F 

d 1.00x10  m 

Nixw  find  the  charge  i>n  the  plates:  Q ^ CV  = <4.18x10  10  Fl<12.<>  V)  = 5.02  x 10^  C . 

(b>  Set  UP:  Gauss's  law  within  the  dielectric  gives  KF.A  - 
Execute:  Solving  for  £ gives 

E-£^- 5I,:~I0‘C 1.20.10*  N/C 

KAc,  <2.1X0.0225  m*MS.85x  10  ” C7N  m*) 

(c)  SET  Up:  Without  the  Teflon  and  the  voltage  source.  the  charge  i*  unchanged  but  the  potential  irxTcascs.  so 
C - c ,A/J  and  Gauss's  law  now  give*  EA  - Qi it. 

Execute:  First  find  the  capacitance: 

A <8.85x10  i:  C*’/N  m;X0  0225mJ)  l( 


d 1.00x10  * m 

Q 5.02x10  * C 

The  piXcnlial  difference  is  V'  - 25.2  V.  From  Gauss's  law.  the  electric  field  is 

C 1.99x10  F 

E-V- SM"°'C 2.52.10*  NC. 

(,,A  18.85x10  '*  C7N  m*  >0.0225  m* ) 

EVALUATE:  The  dielectric  reduces  tlie  electric  field  inside  the  capacitor  because  tlie  electric  field  due  to  the  dipoles 
of  the  dielectric  i*  opposite  to  tlie  external  fa:ld  due  to  th:  free  charge  on  the  plate*. 

24.49.  IDENTIFY:  Apply  I:q.<  24.23 1 to  calculate  £ V = Ed  and  C = Q/V  apply  whether  there  is  a dielectric  betw  een  the 
plate*  or  not. 

<a)  Set  Up:  Apply  I:q.(24.23>  to  the  dashed  surface  in  Figure  24.49: 

Execute:  \EE  di  - g~*‘- 

j/CE  JA-KEA' 
since  £ = 0 outside  the  plates 


4* 


Thu*  KEA 


i r . Q 


Figure  24.49 

md  E - 


(hi  V -Ed  - 


Q 

(cl  C-H 


:,AK 

Q 


i AK 


K—-KC,. 


* (Qdlt^AK  I d 
EVALUATE:  Our  rettilt  *o»i  that  -C/C0.  which  1%  Eq.<  24.1 2). 

24.50.  Identify:  c . C - Q/V . V = Ed  . V = 4CVJ. 

SET  t!P:  With  the  batlcry  disconnected.  Q Is  comUnl.  When  Ihc  separatum ./  i*  d<H*!c<l.  C ii  halved. 

Execute:  (a)  c-td- *’l<>  my  .4.s.l0“r 
d 4.7x10  ' m 

<b»  <?  = CV  = (4.S.10  “ PHI2  V)  = 0.5S.  10  v C 
(c>  £ c V/d  -(12  V)/(4.7xl0  ' m)  = 2550  V/m 
<d>  U =4CV' =^<4.8.10  11  F)I2  V)J  =346.10*  I 

<e>  If  the  buttery  is  disconnected,  so  thw:  charge  remain*  constar*.  and  the  plates  are  palled  furthrr  apart  to  0.0094  m.  then 
the  calculations  above  can  be  earned  out  just  a*  before,  and  we  find:  laj  C = 24 lx  10  11  F <b|  (>-0.58x10  ' C 

(cl  E - 2550  V/m  Id)  U ~ — - ' ^6.91x10*2 

2C  2(2.41  x |0  F) 


EVALUATE:  O is  unchanged.  £ — so  £ is  unchaneed.  U doubles  because  C it  halved.  The  additional  stored 

cnerev  conies  from  the  work  done  by  the  force  that  pulled  the  plates  apart. 
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24.51. 


24.52. 


24.53. 


24.54. 


24.55. 


24.56. 


IDENTIFY  anil  SET  Up;  If  the  capucitix  remains  connected  la  the  Kitten’,  the  Kitten*  keeps  the  potential  difference 
between  the  plate*  constant  by  changing  the  charge  on  the  plate*. 

Execute:  (a)  C - — 


C a ^’^5^  * »^,H  m M0.I6  mr  _ 2 |0  »«  p - 24  pf 

9.4*10  m 

(b>  Remain v connected  to  the  buttery  say*  that  V slays  12  V.  0 = CV  =(2.4x10  " F)ll2  V)  = 2.9*  10  10  C 
12  V 


V 

[c>  £-- 


- 1.3x10'  VYm 


d 9.4*10  m 

(d)  U^iQV  -4(2.9*10  **  Cm  12.0  V)-  1.7*10  v J 

EVALUATE:  Increasing  the  separation  decreases  C With  V constant,  this  ire  an s that  (7  decreases  and  V decrease*. 
Q decrease*  and  £ - so  £ decrease*.  We  come  to  the  sanx:  conclusion  fn>m  £ - V Id. 


IDENTIFY:  C - KC  - A'r1(  — V - Ed  for  a parallel  plate  capicitor:  this  equation  applies  whether  or  not  a dielectric 

d 

is  present. 

SKI  UP:  A - 1.0  cm“  = l.Ox  10  * . 


Execute:  (a)  C^<10> 


S5xl<>'‘  F/mMl.0x  10  4 m*j 


7.5  * 10 ' 


-1.18  is f;  per  cm*. 


r. 


(b>  £ - - n A 1.13*  10f  V/m  . 

K 7.5x10  m 

EVALUATE:  The  dielectric  material  increase*  the  capacitance  If  the  dielectric  were  not  present,  the  same  chvgc 
density  on  the  faces  of  the  membrane  woukl  produce  a larger  potential  dilTerencc  across  the  membrane. 

IDENTIFY:  P -Elt  . where  £ is  the  total  light  crxrgy  output.  The  energy  stored  in  th:  capacitor  is  U = 4CVJ . 

SETUP:  £ = 0.95U 

Execute:  (a)  The  power  output  is  6(H)  W.  aixl  95C*  of  the  original  energy  is  concerted.  so 


£ = /l-(2.70xltf  W)tl.48xl0  * s)  = 400  J . £,  - - 

,b,y=KV',-C^,il£iii-0.054F. 

T V"  <125  V) 

EVALUATE:  For  a given  V.  th:  stored  energy  increases  linearly  with  C. 
IDENTIFY:  C 


421 J . 


SET  UP:  A - 4.2  * 10*  m: . The  original  separation  between  the  plates  is  d - 0.701  x 10  ‘ m . L*  the  separation 

between  the  plate*  at  the  new  value  of  C. 

Execute:  C,-—  ' ^ 5.31x10  F . The  new  value  of  C is  C-C.  *0.25  pF  - 7.81  x 10  '*  F. 

d 7.01x10  m 

But  C - — . so  tf  - — — - — — - 4.76*  10  *m  . Therefore  the  kev  must  be  depressed  by  a distance  of 

d'  C 7.81x10  “F  * * 

7.(0*  10  * m-4.76*  10  * m -0.224  mm  . 

EVALUATE:  When  th:  key  is  depressed,  d decreases  and  C increase*. 

2jt€  L 

IDENTIFY:  Exampk  24.4  shows  that  C for  a evlindneal  capacitor. 

Nr./r,)  ^ 

SET  Up:  ln(l  t.r)»r  when  x is  small.  Th:  area  of  each  conductor  is  approximately  A - 2^rr  L . 

EXECUTE:  C-JfiL-  ^ 

I«n/r.»  liM  (d  r r.  )/r. ) lr<UJ/f.I  d d 

EVALUATE:  <b|  At  the  scale  of  part  la)  the  cylinders  appear  to  be  flat,  and  so  the  capacitance  should  appear  like  th:* 
of  flat  plates. 

IDEVIIFY:  Initially  the  caparitors  an:  competed  in  parallel  to  the  source  and  we  can  calculate  the  charges  Qt  and 

Q.  on  exh.  After  they  are  reconnected  to  each  other  the  total  charge  is  Q s Qx -Qt  • V = 7 CV 3 - iL  . 

SET  Up:  After  they  are  reconnected,  the  chvgcs  add  and  the  voltage*  are  the  same,  so  C ^ - C,  + C\ . as  for 
capacitors  in  parallel. 
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24.57. 


24.58. 


EXECUTE:  Originally  Qt  -Cft  - <9.0 //Ft  1 2S  V) -2.52x10  4 C and  Q1  -C1V1  = <4.0//Fl<28  V)  - 1.12x10  4 C . 

*C  + CX  ^13X1  ^/F.  The  original  energy  stored  is  U = |(13.0xl04  FX28  V\l  *S.I0xl0  l J. 

Disconnect  and  flip  the  capacitors.  so  now  the  total  charge  is  (?-(?*-{?,-  1 .4  * 10  * C and  the  equivalent  capacitance 

is  still  the  ume.  C - 13.0  i/I: . The  new  energy*  stcecd  is  U - — ' 1 * ' |M  ( 7.54x10  4 J . The  chance  in 

* 2 2(13.0x10  F) 

stored  energy  is  Af/  - 7.45  * 10  4 J - S.10  * 10  4J«-4.35xl0  ‘ J. 

EVALUATE:  When  they  are  reconnected.  charge  flows  and  thermal  energy  is  generated  and  energy  is  radiated  as 
electromagnetic  waves. 

IDENTIFY:  Simplify  the  network  by  replacing  scries  and  parallel  combinations  by  their  equivalent.  The  stored 
energy  in  a capacitor  is  U - -CV1 . 


SET  UP:  For  caparitors  in  series  the  voltages  add  and  the  charces  are  the  same: + — + •*•.  For  capacitors 


r,  c. 


in  parallel  the  voltages  are  the  same  and  the  charges  add;  - C,  + C2  ♦ • • • C - — . V - £CV'  . 

EXECUTE:  (sa)  Find  for  the  network  by  replacing  each  scries  or  parallel  combination  by  its  cquivaknt.  The 
successive  simplified  circuits  are  shown  in  Figure  24.57a  c. 

V„  =±C„V‘  -1(2.19.10  " Fl(l 2.0  V)1  - I.5S-  10  * J - 158  /.J 

(b>  From  Figure  24.57c.  Qm -C  V =<2.l9x  10 * FM12.0  Vl-2.6J.I0  * C.  From  Figure  24.57b.  (?„  - 2.63- 101  C. 


g»_2.6J-10  C_s^g  v u ^ go,  |0-  pK5 jg  V)’  - 7.21. 10  ' J ±72.1  pi 


1 » 


xlO  F 


This  one  capxitor  stores  nearly  half  the  total  scored  energy’. 


EVALUATE:  L --  - . For  c^iacitocs  in  senes  the  capacitor  with  the  smallest  C stores  the  greatest  amount  of 


energy 


1*60  mF 


HHHH 


110  uF 


4.WI^F 

< » 


HI— 

<C> 


Figure  24.57 


IDENTIFY:  Apply  the  rules  for  combining  capacitors  in  scries  and  parallel.  For  capacitors  in  series  tb:  voltages  add 
and  in  parallel  the  voltages  are  the  same. 

SET  IP:  When  a capxitcv  is  a moderately  good  contactor  it  can  h:  replaced  by  a wire  and  the  potential  across  it  is  zero. 
EXECUTE:  (a)  A netwxuk  that  has  the  desired  properties  is  sketched  in  Figure  24.58a.  Cmf  - ^ ^ - C . The  total 

capacitance  is  the  same  as  each  individual  capacitor,  and  the  voltage  is  spilt  over  each  so  that  V*  - 480  V. 

(b)  If  one  capacitor  is  a nxKlenitely  good  conductor,  then  it  can  h:  treated  as  a “short”  and  thus  removed  from  the 
circuit,  and  one  capacitor  w ill  have  greater  than  600  V across  it. 

EVALUATE:  An  alternative  solixion  is  two  in  parallel  in  series  with  two  in  parallel,  as  sketched  in  Figure  24.58b. 


V 


T 


J 


w 


(b> 


Figure  24.58 
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24.59.  <ji  IDENTITY:  Repine  verier  3ml  parallel  combinations  of  capacities  In*  their  equivalents. 
SET  IP:  The  network  is  sketched  in  Figure  24.59a. 


1‘  - 220  V 


C,  - C*  - 8.4  /iF 
C.=C,*C«S  4.2/iF 


Figure  24.59a 

Execute:  Simplify  the  circuit  by  replacing  the  caparitor  combinations  In*  their  equivalents:  and  Ct  ore  in 

series  and  can  be  replied  by  C (Figure  24.59b): 


hlvurr  24.59b 


c.  c. 
j_  r.  - r, 
c.c, 


_C£-  2.1  jiF 

r.'C,  4.2  (d:-4.2  ,iV 

C\  and  CM  :ee  in  parallel  and  can  be  replaced  by  their  equivalent  (Figure  24.59c): 

1 r c,M=c,-c„ 

=}=  - 1| Cu,  • 4.2  » 2. 1 (i»; 

' * -TC“  C,„  -6.3  /.!• 

Figure  24.59c 

Cr  C5  and  Cim4  are  in  scries  and  can  be  replied  by  (Figure  24.59d): 


Ct  cs  Ci  M 
1 2 1 
C^‘8.4  /if'  "*  6.3  uY 
C -2.5/rF 


Figure  24.59d 


EVALUATE:  F'or  capacitors  in  series  the  equivalent  capacitor  is  snruller  than  any  of  those  in  series.  Ise  capacitors  in 
parallel  the  equivalent  capacitance  is  larger  than  any  of  those  in  parallel. 

(b>  iDEVnKY  and  SKT  l.’P:  In  each  equivalent  network  apply  the  rules  for  Q and  V fee  capacitors  in  series  and 
parallel:  start  with  the  simplest  nelwiek  and  work  back  to  the  original  circuit. 

EXECUTE:  The  equivaler*  circuit  is  drawn  in  Figure  24.59e. 


c 


P_.  = 1 2-S  //F)l  220  V ) - 550  /iC 


Fizurc  24.59c 


Q{  - Q,  - Qiu  - 550 / iC  (capacitors  in  scries  have  same  charge) 

C,  8.4  pF 

F(-«,^£,65V 
C,  8.4  f/F 

fti_550i£_87V 
‘ C..,  6.3  uf 
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24.60. 


Now  draw  the  network  a*  in  Figure  24.59f. 

V.  - frt  V 


H 


V - 2X1 V 

t _ 


ell 


I 

I 


1' 

T- 


V,.Vm*VU4.S7\' 

capacitors  in  parallel  have  the  same  potential 


v5  » tt  v 

Figure  24.59T 

Q.  - C,V.  ^ (4.2  pP)<87  V) *.  370  pC 

Q.  - CUV„  = ( 2. 1 /tf)(S7  V ) , I HO 

Finally.  consider  the  original  circuit  (Figure  24.59g|. 

— rll^ 1'° 

2X1 V 


C,__K-*7V 

-L — I 


ft -A -ft.- 180 /iC 

capacitors  in  series  have  the  same  charge 


V_Q.  iso  /c 


: 


\2ifi 
ISO  fiC 


65  V 

Figure  24.59g 

= 43  V 
= 43  V 


V4  = — 

C.  4.2  pF 

Summary:  ft  - 550  /iC.  V',  = 65  V 
ft.  = 370  /iC.  V.  =87  V 
ft»180/iC.  V;  = 43  V 
Q,»l80pC  V4  = 43  V 
ft  = 550  /jC.  V,  = 65  V 

EVALUATE:  V'  ♦ V4  - V:  and  Vx  •*  F,  •*  V,  - 220  V (apart  from  some  small  rounding  error* 

andft-ft^-ft 

IDIVIIIT:  Apply  the  rules  for  combining  capacitors  in  series  and  in  parallel. 

SET  IJP:  With  the  switch  epen  each  pair  of  3.00  //F  and  6.00  //Fc/pacitors  are  in  series  with  each  other  and  each 
pair  is  in  parallel  with  the  other  pair.  When  the  switch  is  closed  each  pair  of  3.00  //l  and  6.Cfl  /jF  capacitors  are  in 
parallel  with  each  other  and  the  two  pairs  are  in  series. 


EXEC  UTE:  (■)  With  the  switch  open  =|  | — -f  — J—  I ♦ -L- 


- 4.00 /iF. 


n fir 

ft^  - CM'  - (41X1  fiY)  (2 10  V>  = H.40x  10  4 C.  By  symmetry,  each  capacitor  carries  4.20x|04  C.  Tlx* 
voltages  arc  then  calculated  via  V'  = QIC . This  gives  = Q/C,  = 140  V and  V.  - ft/C4  = 70  V . 
Kt-Krf-I^-Tov. 

(b*  When  the  switch  cs  closed,  the  points  c and  d must  be  at  the  same  potential,  so  the  equivalent  capacitance  is 
1 1 * 4.5/iF.  Q„a  *CmV- 14.50  /iFl(2IO  V>  = 9.5*  10*  C.  and  each 


(3.1XJ  1 6.001  fir  <3.00  r 6.00)  //F 
capacitor  has  the  same  potential  difference  of  105  V (again,  by  symmetry  I. 

(c>  The  only  way  for  the  sum  of  the  positive  charge  on  one  plate  of  C\  and  the  negative  charge  on  one  plate  of 
Ct  to  change  is  for  charge  to  flow  through  the  switch.  That  is.  the  quantity  of  charge  that  flows  through  the 
switch  is  equal  to  the  change  in  ft  - ft  . With  the  switch  open,  ft  - ft.  and  ft.  - ft  - 0.  After  the  sw  itch  is 
closed,  ft.  -ft  =315 /iC  . so  3 15  //C  of  charge  flowed  through  the  switch. 

EVALUATE:  When  ih:  switch  is  closed  the  charge  nwist  redistribute  to  make  points  <*  and  d be  at  the  same 
potential. 


2418  C hapiter  24 


24.61.  <«a  i IDENTIFY:  Replace  the  three  capacitors  in  series  by  their  equivalent.  The  charge  on  the  equivalent  capacitor 

equals  the  charge  on  each  of  the  original  capacitorv 

SET  UP:  The  three  capacitors  can  be  replied  by  their  equivalent  as  shown  in  Figure  24.61a. 

C.  - R4uF 


Cn  “ MmT 


C>-4.2*  I 

Figure  24.61a 


24.62. 


EXFXUTE:  C,  - C, /2  so -t  — r — 


I 

— r — 

r:  C, 


M of 


«nd  C - 8.4  >iW4«2.1//F 


ft  - C^V'  -(2.1  pF)( 36  V)  = 76  /iC 

The  three  capacitors  are  in  series  so  they  each  have  th:  same  charge:  ft  - ftv  - ft,  = 76 /iC 

EVALUATE:  The  equivalent  capacitance  for  capacitors  in  series  is  smaller  than  each  of  the  original  capacitors. 

(b)  IDENTIFY  and  SET  UP:  Use  V - ±QV.  We  know  each  ft  and  we  knew  that  I,  +1^  ♦ 1,  = 36  V. 
exi:«  i TK:  V - 4ftv; + i-ftV,  iftV, 

Blit  V,  - ft  -Q.-Q^n-  » V,  , V,) 

Bui  alio  V,  -V, -V,  - V - 36  V.  so  U -jQV  - 4(76  yiCM36  V)  - 1.4-10  ‘ J. 

EVALUATE:  Wc  could  alio  use  U - ft  I 2C  and  calculate  U for  cah  capacitor. 

(cl  iDKVnVY:  The  charges  on  the  plates  redistribute  to  make  the  potentials  across  each  capacitor  the  same. 

SET  UP:  The  capacitors  before  and  after  they  arc  connected  are  sketched  in  Figure  24.6 1 b. 

'll  d-  d __  d,  d d„ 
cr  dT  "T ' -d ' d ' 

Figure  24.61l> 

EXECUTE:  The  total  positive  charge  that  is  available  to  be  distributed  on  the  upper  plates  of  the  three  capacitors  is 
ft,  “ 0.i  r 0«i  +Q% i - 3(  76  >iC)  - 228  fjC.  Thus  ft  + Q,  -t  ft,  - 228  pC.  After  the  circuit  is  completed  the  charge 
distributes  to  mike  V,  » V*  - \\.  V - QIC  and  V,  - V1  so  Q{  !CX  - ft,  /C.  and  then  C,  - C.  says  ft  - ft . V,  - V.  says 
fl  'C,  - ft  /C,  and  ft  - ft  j C, IC..  )-<?,<8  4 pF/4.2  f. F)  - 2ft 
Using  ft  - 0 joJ  ft  - 2ft  in  the  above  equation  gives  2Q,  <■  2 ft  * ft  - 228  <iC. 

5ft  - 228  yK*  ai*l  ft  = 45.6  yXT.  (7,  = ft  = 91 .2  y*C 

Ttav.-ft-2LiiE-iiv.K-a-212fE-.iv.-d  K-ft-i2ifE-.iv. 

• C,  8.4  pF  ‘ C,  8.4  pf  C.  42giF 

Tlie  voltage  arross  each  capac  itor  in  the  parallel  combination  is  1 1 V. 

(d>  t'-iftV^.iftV'.+iftV,. 

Bui  V,  ^ V,  - V,  «.  V - 4 V,  | ft  ’ft  ♦ft)-4|ll  V)(228  yoC)  - 1.3- 1(T‘  I. 

EVALUATE:  This  is  less  than  the  original  energy  of  l.4x  10  J.  The  stored  energy  has  decreased,  as  in 
Example  24.7. 

Identify: 


V~Ed.U*lQV  . 


SET  UP:  d - 3.0  x |0‘  m . A - *r; . with  r-I.Ox  10*  m . 

EXBTTE:  C)  r-fil-  '*  S54-10  " 'N  nO„1.0-lQ  mV  _9J„0.  F 


3X1x10' 


ft 

[b)  V - 


»c 


9.3x10  F 
22x10*  V 


- 2.2x10*  V 


(c)g»l»^*W  * -7.3x10*  V/m 
d 3.0x10  m 

(dl  U - yftV  - i(20C)(2.2x  10*  V>- 2.2x10^  J 

Ev Alt  ATE::  Thunderclouds  involve  very  large  potential  differences  and  large  amounts  of  stored  energy. 
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24.63. 


IDENTIFY:  Replace  series  and  parallel  combinations  of  capacitors  by  their  equivalent*.  In  each  equivalent  network 
apply  the  rules  for  Q and  l'  for  capacitors  in  seric*  and  paralkrl:  start  with  the  simple*!  network  and  work  back  to  the 
original  circuit. 

<a)  SIT  Up:  The  network  is  sketched  in  Figure  24.63a. 


C,  *6.9  /iF 
C2  » 4.6  //F 


Figure  24.63a 

EXECUTE:  Simplify  the  network  by  replacing  the  capacitor  combination*  by  their  equiv  alent*.  Make  tfo: 
replacement  shown  in  Figure  24.63b. 


Figure  24.63b 

Next  make  the  replacement  shown  in  Figure  24.63c. 


Cm  =2.3  //F+C, 

C ^ ^ 2.3  //F  + 4.6  //F  - 6.9  // F 


Figure  24.63c 

Make  the  replace  mem  shown  in  Figure  24.63d. 

Figure  24.63d 

Make  the  replaccmcm  shown  in  Figure  24.63c. 

"X  i irc 

(:T  T 

Figure  24.63e 

Make  the  replace  mem  shown  in  Figure  24.63f. 


Hi)  Consider  tfo:  network  as  drawn  in  Figure  24.63g. 

. . C. 

ii 

t 

V - 4211 V 


Figure  24.63 g 


-L  ,1,-1 L_ 

C ^ Cl  6.9  pF  6.9  fjV 
C^  = 2.3pF 


- C,  ♦ 2.3  /F  - 4.6  fjV  -t  13  pF 
C„=6.9;iF 


I 3_ 

C,  6.9  /iF  6.9  /iF 
C^-2.3/^ 


From  part  U)  2.3  /iF  is  the  equivalent 
capacitance  of  the  rest  of  the  network. 
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Tlic  equivalent  network  is  shown  in  Figure  24.63h. 

- - Ci  - 6.9j* 

f ° I r 1 9pi 

V - 4XIV 

l 

C,  - 

Figure  24.63b 


The  capacitors  are  in  series, 
so  all  three  capacitors  haw 
the  same  Q. 


But  here  all  three  haw  th:  same  C.  so  by  V = Q/C  all  three  must  have  the  same  V.  Th:  three  voltages  must  >Jd 
to  420  V.  so  each  capacitor  has  V = 140  V.  The  6.9  /jV  to  the  right  is  the  equivalent  of  C,  and  the  13  pF 
capacitor  in  parallel,  so  Va  - 140  V.  (Capacitors  in  paralkl  have  the  same  potential  differeixe.)  Hence 
Qx  ^ cyx  = (6.9  ^FK 140  V) « 9.7 x I0*4  C and  Q:  ^ C3V3  - (4.6  //F* 140  V)  -6.4x10  ' C. 

(cl  From  the  potentials  deduced  in  part  i.b>  we  have  the  situation  shown  in  Future  24.63i. 


V = 1. 


From  part  lai  6.9  p F is  the 
equiv  alent  capacitance  of  the 
rest  of  the  nclwxtik. 


Figure  24.63i 


The  three  right- most  capacitors  are  in  scries  and  therefore  have  the  same  chirge.  Birt  their  capacitances  are  also  equal 
so  by  V = Q/C  they  each  have  the  same  potential  difference.  Their  potentials  must  sum  to  140  V.  so  the  potential 
across  each  is  47  V and  V4  = 47  V. 

EVALUATE:  In  each  capacitor  netwerk  the  rules  for  combining  V for  capacitors  in  scries  and  parallel  are  obeyed. 
Note  that  VJ<V.  in  fact  V -2(140  V)- 2(47  V>  = F,rf. 

24.64.  IDENTIFY':  Find  the  total  charge  on  the  capacitor  netweek  when  it  is  connected  to  the  battery.  This  is  the  amount  of 
charge  that  flows  through  the  signal  dev  ice  w hen  the  switch  is  closed. 

Set  Up:  For  capacitors  in  parallel.  - C,  -f  C3  -f  C.  + • • • 

EXECUTE:  - C,  -f  C 4 ♦ C,  - 60.0 fjV . Q-CV- <60.0 y/FX  1 20  V ) - 72(H) fjC  . 

EVALUATE:  Mcve  charge  is  stored  by  the  three  caparitors  in  parallel  than  would  be  stored  in  each  capacitor  used 
altxve. 

24.65.  (a)  IDENTIFY  and  SET  UP:  Q is  constant.  C - KCt:  use  Eq.f24.l  t to  relate  the  dielectric  constant  K to  the  ratio  of 
the  voltages  without  and  with  the  dielectric. 

Execute:  With  the  dielectric:  V'  - QfC  ^ Ql{  KCb) 

without  th:  dielectric:  Vt  - QfCt 

VJV  a A',  so  K - (45.0  V )/( HjV)=  3.9 1 

EV All  ATE:  Our  analysis  agrees  with  Fq.t  24. 1 3). 

<b)  IDENTIFY:  The  capucitor  can  be  treated  as  equivalent  to  two  capicitors  C,  and  C . in  parallel,  one  with 
area  24/3  and  air  between  the  plates  and  one  with  area  .4/3  and  diclcctri:  between  the  plates. 

SET  UP:  The  equivalent  netweek  is  shown  in  Figure  24.65. 


2 At\ 


id/.’ 

J 


Figure  24.65 

EXECUTE:  Let  Cu  - e^Afd  be  the  capacitance  w ith  only  air  between  the  plates.  C - KCJX  Ci  - 2CJX 
C ^C^C^iCJMiK-2) 


V-  — --2-  — L-  -I'J  — (45.0 V|f—  la 22.8 V 

C CAKt2  \K  + 2 \ 5.91  1 


EVALUATE:  The  voltage  is  reduced  by  the  dielectric.  The  voltage  reduction  is  less  when  the  dielectric  doesn't 
compfetcly  fill  the  volume  between  the  plates. 
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21.66. 


24.67. 


24.68. 


24.69. 


IDKV11FY:  This  situation  is  analogous  to  having  two  capacitor*  C,  in  series,  each  with  separation  ±{d  - d). 
SET  UP:  ls>r  cap*:  itor*  in  scries. -t  — 

cm  c C, 


d-a  J d-a  d-a 

(c>  As  a -*  0 . C ->  C, . The  metal  slab  hat  no  effect  if  it  is  very  thin  And  as  a ->  J . C ->  x . V -QtC . V - Ey  is 
the  potential  differ? we  between  two  points  separated  by  a distance  y parallel  to  a uniform  electric  field.  When  the 
distance  is  very  small,  it  takes  a very  large  field  aixl  hence  a Large  (>on  the  plates  for  a given  potential  difference. 
Since  Q - O'  this  corresponds  to  a ten*  large  C 

(a)  IDENTIFY:  The  conductor  can  be  at  some  potential  V.  where  V = 0 far  from  the  conductor.  This  potential 
depends  on  the  charge  Q on  the  conductor  so  we  can  define  C = Q/V  wheTC  C will  nrt  depend  on  For  Q. 

(b)  SET  t’P:  Use  the  expression  for  the  potential  at  the  surface  of  the  sphere  in  the  analysis  in  part  la). 

EXECUTE:  For  any  point  on  a solid  conducting  sphere  V - Of  if  V - 0 at  r ->  x. 


£-e|i£5£)-4.«fl 


(c>  C - \xtf<  - 4.t(S.S54  * 10  F/m)(6.3B*KP  m)-7.10*104  F-710^F. 

EVALUATE:  The  capacitance  of  the  earth  is  about  seven  times  larger  than  the  largest  capacitances  in  this  range.  The 
capacitance  of  the  earth  is  quite  small,  in  view  of  its  large  si/e. 

IDEVIIFY:  The  electric  field  energy  density  is  • For  a capacitor  U - 1— 

SET  Up:  For  a solid  coodixting  sphere  of  radius  R%  E - 0 foe  r < R and  E — 

4*v 


for  r>R 


Execute:  (a)  r < R : u - ic.F ' 


(b>  r > R:  ttmfae'mfa 


Q 

l.rtr 


_Q_ 

Sire/ 


r > , O1  rdr  O ' 

(c>  U ^ I hkdV  - 4*  J rudr  - *f—  j v 


r &utR 

(d)  This  energy  is  equal  to  which  is  just  the  energy  required  to  assemble  all  the  charge  into  a spherical 

distribution.  I Note  that  being  aware  of  double  counting  gives  the  factor  of  1/2  in  front  of  the  familiar  potential  energy 
formula  for  a charge  Q a distance  R from  another  charge  Q.  I 

EVALUATE:  <e)  From  Equation  1 24.9k  V -%z-  U - ■ ^ - ■ from  part  (c) . C - 4.t c R . as  in  Problem  1 24.67). 

2C  &tc,R 

IDENTIFY:  We  nx>dcl  the  earth  as  a spherical  capacitor. 

SET  Up:  The  capacitance  of  the  earth  is  C - 4.r<,. — : — and.  the  charge  on  it  is  Q = CV.  and  its  stored  energy  is 

u=±cv‘. 

I (6.38x  ICf m )(645  * 101  ml 

Execute:  <u>  C : 6.5x10  JF 

9.00x10* N-  mTC"  6.45*10’ m-  6.38x10’ m 


(bl  Q-CV  -(6.54x  10  1 F)(350.000VJ  = 2.3x  10* C 
(c>  V -iCV'1  - i(6  54 -10  ’ F)(350.000  Vi1  -4.0x10'  J 

Evaluate:  While  the  capacitawc  of  the  earth  is  larger  than  ordinary  laboratory  capacitors,  capacitors  muc  h larger 
than  this.  Mich  as  I F.  arc  readily  available. 
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24.70. 


24.71. 


24.72. 


IDENTIFY:  The  electric  field  energy  density  is  « - ±€,,E: . f/  - ii-  . 

SET  UP:  For  this  charge  distribution.  E - 0 for  r < r . E i — for  r < r < r and  E - 0 for  r > i* 

2*T<»r 

Example  24.4  shows  that  — - J — for  a cylindrical  capacitor. 


?-  ir  r /r : 


Executes  (.)  « - 4;£*  - 4c, 


2.Tcr  I toV 


|b>  U - fjidV'  - 2 xlAunir  - I — and  i - — ln<r  fr  ). 

J J 4.74  ir  L 


4.74. 


(cl  Using  liquation  1 24.9>,  — — In {r  fr  I - -i-^-lnt r fr  ).  This  agrees  with  the  result  of  part  ibl. 

2 C 4 jza^L  * 

Q' 

EVALUATE:  We  could  have  used  the  results  of  part  ibt  and  V - — to  calculate  V IL and  would  obtain  the  same 
result  as  in  Example  24.4. 

IDENTIFY : C - Q/V.  so  we  need  to  calculate  the  effect  of  the  dielectrics  on  the  potential  difference  between  the 

plates. 

SET  Up:  Let  the  potential  of  the  positive  plate  be  V..  the  potential  of  the  negative  plate  be  V . and  the  potential 
midway  between  the  plates  where  the  dielectrics  meet  be  Vk.  as  shown  in  Figure  24.71 . 


Q 


a q 


V'.-V'.  V. 
1'  » V . 


Figure  24.7 


Q 

EXECUTE:  The  electric  field  in  the  absence  of  any  dielectric  is  E. . In  the  first  dielectric  the  electric  field  is 

«..4 


reduced  to  £.  _ _2l  _ 


£ - 


Z,  Q ...  -id 


jixI  V . - £ I — I In  the  second  dielectric  the  clcctnc  held  is  reduced  to 

* 2‘  w 


and  > 


W-  Thus  V »v  ,v;  .-2— —t—  I. 
2J  K 2a  A * K 2±A  K.lcA  2a  A K K. 


A.  A 


F . £L\  £ UL  [ This  gives  C « £ « d M If  I = Ml 


c/./  II  K,+  K-.  I d \ A>A 


EVALUATE:  An  equivalent  way  to  calculate  C is  to  consider  the  capacitor  to  be  two  in  series,  one  with  dielectric 
constant  A'  and  the  other  with  dielectric  constant  and  both  with  plate  separation  dfl.  (Can  imagine  inserting  a 
thin  conducting  plate  between  the  dielectric  slabs. j 
r -A'i^-2A 


dll  ‘ d 

-A  iii-2A' M 

‘d/2  * d 


Since  they  arc  in  series  the  total  capacitance  C is  given  by + — sofa  — i -I  — - — — 

C C,  Cj  d lA'.-tA', 

IDENTIFY:  This  situation  is  analogous  to  having  two  capacitors  in  parallel,  each  with  an  area  All. 

SET  UP:  For  capacitors  in  parallel.  - C,  + C..  For  a parallel -plate  opxritc*  with  plates  of  area  A/2.  C tllSllL, 


Execute:  C - C + C.  - 


ckAt  2 a.A/2  a.A 


, .1 


EVALUATE:  If  a;  - A . . C.4  - A'  — , which  is  Fq.f24.l9>. 
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24.73. 


IDENTIFY  and  SET  UK  Show  the  transforrcurtion  from  i>ne  circuit  to  the  other 

C. 


:: 


41 J 


Circa  A I 


Circuit  2 


Fkirc  24.73a 


EXECUTE:  (a)  Consider  the  two  networks  shown  in  Figure  24.73a.  From  Circuit  I:  Vm  - ■,l  ■ ''  ■ anil  Vu  - 


is  derived  from  V : V - iL  - ±-JL  - £— 2i  This  eivcs  a.  - 


CC  C 


2L-iL  . 


r C,  C4  C^C.fC^C,  C.J  ^c,  C.J 

v-  "d  v“ 

coefficients  of  the  charges  equal  to  each  other  in  matching  potential  equations  from  the  two  circuits  results  in  three 
independent  equations  relating  the  two  sets  of  capacitances.  The  set  of  equations  arc > I - 


r,  C,  \ KC  KC 


—1 1 I and . From  these,  subbing  in  th:  expression  for  K.  we  get 

C,  C\  KC,  KC,)  C,  KCCk 

C,=fC.C,  tC,C,  rCC.l/C.  . C.  - IC.C,  rCC,~CCjfC.  urxl  C,  -<C.C,  + C.C+C.CJ/C 

|b>  Using  the  transformation  of  part  ta>  we  have  the  equivalent  networks  shown  in  Figure  24.73b: 

C 


H 


1 C> 

1 II f 

1 

II 

c.  c, 

Hb 


Figure  24.73b 

f>126pF.  C>  - 2S  yrF . Ct  - 42  y/F . C4  - 42  yiF . C*  - 147  y/F  and  C%  - 32  y/F  . The  total  equivalent  capacitance 
l l 1 1 1 


is  C - 


72  y/F  1 26  UP  34.S  uP  147  y/F  72  up 


14  .0  up.  wbevc  the  34.8  up  comes  from 


34.8  up 


X2uP  32  up ) \ 28  up  42  uP 
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24.74. 


(c)  The  circuit  diagram  can  be  redrawn  at  shown  in  Figure  25.73c.  The  overall  charge  is  given  by 
Q-C^V  -|I4.0/jFm36V)-S.04x|04  C.  And  this  is  also  the  charge  on  the  72//F  capacitors 
5.04x10  4 C 

V-^I7nFF-70V- 


»V 


I 


72  /if 


figure  24.73c 

Next  wr  will  find  the  voltage  over  the  numbered  capacitors,  and  their  associated  voltages.  Then  those  voltages 
will  be  changed  back  irrto  voltage  of  the  original  capacitors,  and  then  theu  charges.  Q - Q<  - Qn  - 5.<K4x  10  * C . 


V.  - 


5.01x10  4 C 
147*  10  ' I; 


-3.43  V and  V,  - 


5.01x10  'C 
126  - 10  " I 


- 4.(K)  V . Therefore. 


Y<  c _ V<|f4  - (36.0  - 7.01  - 7.(H)  - 4.1X1  - 3.43)  V ^ 14.6  V . Hut  C^<CXC4 -16.8  pF  and 

C C. 


W> «^r^j  - 1 8.2 & . so  v; , c f / . 245 K lire  and 

Qc.^Q,  m ' t i . ,n  ~ 2-6*  • 10  1 C . Then  - 8.8  V . Vf . V . Vf  ^ = 5.8  V and 

= V . Vm  = V,  -V,  -V*- 13  V and  Q„  -C„V„  - 2.3- 10  * C.  V,  =V,  +VC  = V„  -I0V  and 

Q„  - C„V0  - 2.8  x 10  ‘ C . Vj  - Vft  +V(  - Va  - 9 V and  Qu  - CaV„  - 2.6- 10 1 C . Vu  = V„  *•  VA  - Vu  - !’  V 
J»d  Qu*C,yum2Sxia+C.  V<.-Vct-Vr,>l't-2.SV  and  e.=C,V,i|.5xl0’C. 

EVALUATE:  Note  lhai  2V„  I’,  * Va  = 2(7.0  V)  -» 1 3 V -t-9  V ^ 36  V.  as  it  iltould. 

IDENTIFY:  The  force  on  one  plate  is  due  to  the  electric  held  of  the  other  plrtc.  The  electrostatic  fcece  must  be 
balanced  by  the  forces  from  the  springs. 

SET  l.*P:  The  electric  field  due  to  one  plate  is  F - — — . The  force  exerted  by  a spring  compressed  a distance 
Z%~  Z from  equilibrium  is  A(c*  - c)  - 

EXECUTE:  (a)  The  force  between  the  two  parallel  plates  is  F -qF  - — - -2 ( - — — i-il— 

2c,  2«,A  2^4  z*  2 e,4  2c* 

(b)  When  V - 0.  the  separation  is  just  Cu-  When  V a 0.  the  total  fcecc  from  the  four  springs  nxist  equal  the 

electrostatic  farce  calculated  in  part  la).  F<^n.  - 4 kiz*  - C)  - - ~ 1 - and  2c*  - 2z'z>  + ^ <>• 

(c)  For  4 a 0.300  m1.  C,=1.2xl0*  ra  . k=2S  N/m  and  V^-l20V.so  2c* -l2.4x  10  ‘ m»cJ +3.82x10  J‘ m*  =0  . 
The  physical  solutions  to  this  equation  arc  c - 0.537  mm  and  1.014  mm. 

EVALUATE:  (dl  Stable  equilihnum  arcurs  if  a slight  displacement  from  equilibrium  yields  a face  back  tow  ard  the 
equilibrium  point.  If  ore  evaluates  the  forces  at  small  dispixemerfts  from  the  equilibrium  positions  above,  the 
1.014  mm  separation  is  seen  to  be  stable,  but  not  the  0.537  mm  separation. 


Capac ii.incc  and  Dielectrics  24*25 


24.75. 


24.76. 


IDENTIFY:  The  system  can  be  considered  to  be  two  capacitors  in  parallel.  ooe  with  plate  area  L(L  - x)  and  air 
between  the  plates  and  one  w ith  area  Lx  and  dielectric  filling  th:  space  between  the  plates. 

SET  IT>:  C - — - fin  a parallel  ptolc  capacitor  with  plate  area  .1. 

d 

Execute:  (a)  C - i«£  - xtL  * xKL\  - —if.  t A'  - l|i) 

D n 

lb)  dU  - it  dC  IV'1 . where  C - C,  * ^1  - rfv  t dxK  (.with  C„  - t*  (A  - 1 n) . Th»  give* 

du=4^,K-i))v'-'K-y,Ld*. 


(c)  II  th:  charge  hkept  cociitant  oo  the  plalcv.  then  0 -i-l— (1  rf  A - 

</  .£■£( ■ -*i, A - l)J  and  A«  . -(/.  . - !-*  ~ ^ 

’ DC  I ID 


: A - l)i)  and  u-icvl-ic;v,f£.| 


I 


( K — I )4.  V*L 

Id)  Since  dU  - -Fdx  - - ^ — -dx  . the  force  is  in  the  i^positc  direction  to  the  motion  d\.  meaning  that  the 

slab  feels  a force  pushing  it  oat. 

EVAIXATE:  (el  When  th:  plates  are  connec  ted  to  the  battery,  the  plates  plus  slab  arc  not  an  csolated  system.  In 
addition  to  the  week  ikinc  on  the  slab  by  the  charges  on  the  plates,  energy  is  also  transferred  between  the  battery  and 

the  plates.  Comparing  the  results  for  dU  in  pari  (c)  to  dU  - - Fdx  gives  F — — ^ 

IDENTIFY:  C -Qt V . Apply  Gauss's  Law  and  the  relation  between  potential  difference  and  electric  field. 

SET  UP:  Each  conductor  is  an  equipotential  surface.  Va  - Vh  - | k £,,  dr  Fk  dr  . so  £,  - £L . where  these 

are  the  fields  between  the  upper  and  lower  hemispheres.  The  electric  field  is  the  same  xn  the  air  space  as  in  the 
dielectric. 

EXECUTE:  (a)  lx»r  a normal  spherical  capacity  with  air  between  th:  plates.  C,  - 4.?<,  j — j . The  capacitor  in 


this  problem  ts  equivalent  to  two  parallel  capacitors.  C . andCV . each  with  half  the  plate  area  of  the  normal 


capacitor.  C.  - - 2.tA'c,  ~ I and  C.  - — - 2*4.  C - C,  + C.  - 2t<,(1  ♦ A ^ 


ri  ”r. 


(b)  Using  a hemispherical  Gaussian  surface  for  each  rrspcctivc  half.  £^ . so  £t  - . and 

2 An,  2xKc%r 

~~T •*•>£>-  Bui  Q,  - VC,  a ixl  0,  - VC„  Alto.  <?,*<?,  -Q  Therefore.  0,  - - KQ 

and  0(1  = JL . 0,  B . This  give,  A,  - «L_L_  . 

1 + A VL  IrA  * 1 I . A 2»Ay;  I r A 4n,r' 


We  do  find  that  £. , - £ . 


A 2.T K^r  1 -t  A 4TA  <,r 

(c)  The  free  charge  density  on  upper  and  lower  hemispheres  arc:  t rr 0 )u  - 

Q 


Q> 


Tar*  ir.-llt  Al 


Id).,  -a,  (I  - UA I - 1 

"•  ‘ A 2.rr  ’ I A - 1 l A tl.i 


g.  V 

2t  rj  2fi;iltAl 

<<T,'  >l“2^T=2*r>+A )J"d  "’"•''"’St^tOUA, 

A- A 0 


2t  r 


t -a,.(l-l/A, 


n*‘  -i>'»  g 


A-n  0 


x A /Z^t.A-l/  V A » I y 2rr.- 
(e)  There  is  zero  hound  charge  on  the  Hat  surface  of  the  diekctric  air  interface,  or  else  that  would  imply  a 
circumferential  electric  field,  or  thal  the  electric  field  changed  as  we  went  around  the  sphrre. 

EV  ALUATE:  The  charge  is  not  equally  distributes!  over  Ihc  surfare  of  each  conductor.  There  must  be  more  charge  on 
the  lower  half,  by  a factor  of  A',  because  Ihc  p:ilari/.^ian  of  the  dielectric  means  mixe  free  charge  is  needed  on  the 
lower  half  to  pcodixe  the  same  electric  held. 


24-26  Chapter  24 


24.77. 


24.78. 


IDENTIFY:  The  object  is  equivalent  to  two  identical  capacitors  in  parallel,  where  each  has  the  same  area  .A.  plate 
separation  »f  and  dieltvtnc  with  dielectric  constant  A'. 


SET  UP:  For  each  capacitor  in  the  parallel  combination. 


r-il 


EXECUTE:  (a)  The  charge  distribution  on  the  plates  is  shown  in  Figure  24.77. 

wjWi2JS<rp 

l d > 4.5x10  m 

EVALUATE:  If  Iwo  of  I lx-  pUtei  ait  scpunilcd  by  Ixilh  shi-ciN  of  paper  10  form  a c jpucuor.  C - ^ ■ ' 

Id  4 

smaller  bv  a factor  of  4 compared  to  the  capacitor  in  the  problem. 


figure  24.77 

IDENTIFY:  As  in  Problem  24.72.  the  system  is  equivalent  to  two  capacities  in  parallel.  One  of  the  capacitor*  has 
plate  separation  d.  plate  area  »»</.-  Aland  air  between  the  plates.  The  othrr  has  th:  same  plate  separation  */.  plate  area 
wh  and  dielectric  constant  A'. 

SET  Up:  Define  A'^,  by  C - where  A - wL  . For  two  capacitor*  in  parallel.  C - C,  ♦ C*- 


EXECUTE:  (a)  The  capacitor*  are  in  parallel,  so  C 


'--"4-1' 


t.wlL-fi)  Kt»>, 


This  gives 


lb)  For  gasoline,  with  AT  - 1.95:  1 full:  A'.t  ] h - ^ | - 1 .24 ; 1 full:  A',,  J A - ^ | - 

-full:  A ! h - — 1-1.71. 

4 \ 4 


(cl  For  methanol 


. with  AT  b 33 : — fall:  K . ft--  -9:  1 full:  A'„  ft  - - !- 17; -full:  Ka  ft-  — ^25. 
4 “ 4 2 2 j 4 - 4 


(d  1 This  kind  of  fuel  tank  sensor  will  work  best  for  methanol  since  it  has  the  greater  range  of  K ^ v alues. 
Evaluate:  When  A - 0 . A'  - I . When  A - L . = A . 


Current,  Resistance,  and  Electromotive  Force 


25 


25.1.  Identify: 

SETUP:  I .Oh  s 3600  s 

Execute:  O - It <3.6  AX3.OK360O  %)  ^ 3.S9x  io4  C. 

EVAl.lATE:  Compared  to  topical  charges  of  objects  in  electrostatics.  this  is  a huge  amount  of  charge. 

25.2.  Identify:  /-{/'/.  Use  /-/?|g|v0/f  to  calculate  the  drift  velocity  vy 

SETUP:  >1-5.8-10"  in  III-  1.60-10  " C . 


EXmitK!  (.)/ 4.  8.75-10 'a. 


1.78x10^  m/s. 


<b>  / - n\q\v. A.  This  gives  v.  = =.  - - - I-  — 7 r- - 1.78x  10  " m/s. 

11  nqA  (S.8x|0’Xl  60xl0  ,vCX;r<l.3xl0 'm>  ) * 

EVALUATE:  Vu  is  smaller  than  in  Example  25.1.  because  / is  smaller  in  this  pretolcm. 

25.3.  IDENTIFY':  J = nty\v4 

SET  Up:  A - (x>4)l?  . with  D - 2.05  x 10  4 m . The  charge  of  an  electron  lias  maunitude  re  - I 60  x 10 * C. 


EXECUTE:  (a)  (?-// -<5.00  AMI  00  s>- 5.00  C.  Tbc  number  of  electrons  is  — -3.12xlO‘\ 

€ 


tbi .;  - 


/ 5.00  A 

1.-  4 l/J-  "|.t.  4M2.05- 10 

J 1.51x10*  Am’ 


5I-10‘  Am'. 


1.11-10  1 ini -0.1 11 


' iTp]  (8.5-10'  m ‘Kl.60-10  ''  C) 

EVALUATE:  (a)  If /is  the  sanx*.  J - / /A  would  decrease  and  v4  would  decrease.  The  number  of  electrons 
passing  through  the  light  bulb  in  1.00  s would  not  change. 

254.  <a)  IDENTIFY:  By  dcl'miDon. ./  - VA  and  radius  rs  one-half  the  diameter. 

SET  UP:  Solve  for  the  cumrnt:  / - JA  - MD/2): 

Execute:  / - (1.50  - 10‘  Am-'x*l|(0.00102  mV2|’  - 1.23  A 
EVALUATE:  Thrs  is  a realistic  current. 

<b)  IDENTIFY:  The  current  density  rs  J - nqvd 
SET  Up:  Solve  for  the  dnfl  velocity:  v*  - JMq 

EXECUTE:  Since  most  lahoratcvv  wire  is  copper.  we  use  the  value  of  n for  copper,  giving 
v,  =(1.50- 10~  Am').’I(8.5«  10“  cl.m’Kl.MJ  x 10  '*C>-  1.1  x I0‘  m i -0.11  mini 
EVALUATE:  This  is  a typical  dnrt  velixity  for  ordinary'  cuncnts  ai*J  wires. 

25.5.  IDENTIFY  and  SET  UP:  Use  Eq.  (25.3)  to  calculate  the  drift  speed  and  then  use  that  to  fmd  lb:  tin*  to  travel  the 
length  of  the  wire. 

Execute:  (a)  Calculate  the  drift  speed  i : 


7 ~ i ~ xr  ~ 


4.85  A 


1.469x10'  AmJ 


A 1.025x10  m| 

J 1469x10*  Am* 

(S.5x  10** .’m 4 |(l  .602x10  ,v  C)  ~ ’ 

r ° -6.58x|0;  s-llOmin 

v 1.079x11)  ms 


079x10  4 m s 


25-1 
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lb>  v4 


-(6.58x10*  »|J 


nl 

*-£-2±fct 

vj  ' 

t u proportional  to  r*  and  hence  to  J*  where  d -2r  is  the  wire  diameter. 

4 i:>nm  ';  -2.66x10*  *- 440  mm. 

2.05  mm  / 

(cl  EVALUATE:  The  drift  speed  rs  proportional  to  the  current  density  and  therefore  it  is  inversely  proportional  to 
the  square  of  the  diameter  of  the  wire.  Increasing  the  diameter  by  some  factor  ikcreascs  the  drift  speed  by  the 
square  of  that  factor 

25.6.  IDKMIFY:  The  number  of  moles  of  copper  atoms  is  tlie  miss  of  1 .00  m divided  by  the  atomic  mass  of  copper. 
There  are  N K - 6.023  x 1 0‘*  atoms  per  mole. 

SET  Up:  The  atomic  mass  of  copper  is  63.55  g/mole,  and  its  density  is  8.96  g/cm  Example  25.1  says  there  are 
8.5 x I0:*  free  electrons  p>cr  m* . 

Execute:  The  number  of  Clipper  atoms  in  l.OClm*  is 


18.96  g/cm*  Ml .00x10*  cm7m*X6.023xl0;;  atoms/mokl 


-8.49x10*  atoms/ 


i: 


63.55  g;  mole 

EVALUATE:  Since  there  are  the  some  number  of  free  electrons;  m ‘ as  there  are  atoms  of  copper/m*  . the  mimher 
of  free  electrons  per  copper  atom  is  one. 

25.7.  IDENTIFY  and  SET  UP:  Apply  Eq.  (25. 1 I to  find  the  charge  JO  in  time  dr.  Integrate  to  find  the  total  charge  in  the 
whole  time  interval. 

Execute:  (a)  dQ-I  di 


Q- J**‘{S5  A -(0.65  Al%?)t‘)dl  - [(55  A |I-(0.2I7 
J?  = (55  A)(8.0  *)  — ( 0.2 17  A/s’Ms.Os)1  =330C 


<b> -41  A 

/ S.Oi 

Evaluate:  The  current  decreases  from  55  A to  13.4  A during  the  interval.  The  decrease  is  not  linear  and  the 
average  current  is  not  equal  to  (55 A * 13.4  A) 2. 

25.8.  IDENTIFY:  / - O't . Positive  charge  flowing  in  one  direction  is  equivalent  to  negative  charge  flowing  in  the 

opposite  direction,  so  the  two  currents  die  to  Cl  and  Na  are  in  \Yk  same  direction  and  add 
Set  Up:  Na  and  Cl  e»:h  have  magnitude  of  charge  |i/|-  re 

Execute:  (a)  fti  »(«o+ns.>r*(3.92xl0'‘  + 2.68«l0"KI.60x|0  "0-0.01060.  Then 

ll01"  01)106 A - 10.6  mA. 

I 1 .00  » 


<b>  Current  Hows,  by  convention,  in  the  direction  of  positive  charge.  Thus,  current  flows  with  Na  toward  the 
negative  electrode. 

EVALUATE:  The  Cl  ions  have  negative  charge  and  move  in  the  direction  opposite  to  the  conventional  current 
direction. 

25.9.  IDENTIFY:  The  number  of  moks  of  silver  atoms  is  the  maw  of  1 .00  m‘  divided  by  the  atomic  miss  of  silver. 
There  are  \\  - 6.023x10**  atoms  per  mole. 

Set  UP:  For  silver,  density  - 10.5  x 10*  kg'm  and  the  atomic  mass  is  M - 107.868x10  kg.  mol. 

EXECUTE:  Consider  1 m of  silver.  n\  - (density  )V  - 10.5x  10  ‘ kg  . n - m/.l/  -9.734x10*  mnl  and  the 
number  of  atoms  is  jV  - nSs  - 5.86  x 10*  atoms . If  there  is  one  free  electron  per  atom.  th:re  arc 
5.86  x 10'1  free  dectrocs/ m * . This  agrees  with  the  value  given  in  Exercise  25.2. 

EVALUATE:  Our  result  verifies  that  for  salver  there  is  approximitclv  one  free  electron  per  atom.  Exercise  25.6 
showed  that  fee  copper  there  is  also  one  free  electrcei  per  atom. 

25.10.  (a)  IDENTIFY:  Start  with  the  definition  of  rcsisitiv  ity  and  solve  for  E. 

Set  Up:  F.  - pJ  - pl/xr 

EXECUTE:  £-(1.72  x 1 0 ‘ n mM2.7S  A1(.t(CI.IXI  1 025  mrl"  1.43  - 10  ' V/m 
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25.11. 


25.12. 


25.13. 


25.14. 


25.15. 


EVALUATE:  The  field  is  quite  weak,  since  the  potential  would  drop  only  a volt  in  70  m of  wire. 

<b>  IDENTIFY:  Take  the  ratio  of  the  field  in  silver  to  the  field  in  copper 
SET  UP:  Take  the  ratw  are!  solve  for  th:  field  in  silver:  £*  - £<</V/U  > 

EXECUTE:  £*  - (0.0143  V/m)((1.47>(l.72)J - 1.22  x |0  *%  V/m 

EVAl.tATE:  Since  silver  is  a belter  conductor  than  copper,  the  f»ckl  in  silver  is  smaller  than  the  field  in  copper. 
IDENTIFY:  first  use  Ohm's  law  to  find  the  resistance  at  20.(X5C;  then  calculate  the  resistivity  from  the  resistance, 
finally  use  the  dependence  of  resistance  on  temperature  to  calculate  the  temperature  cocffxicnt  of  resistance 
SET  UP:  Ohm's  liwnf?-  V/I.  R - pUA.  R - RJ 1 ♦ <*T  T*)).  and  the  radius  is  one-half  the  diameter. 
EXECUTE:  <u>  At  20.0°C,  R - Ytl  - (15.0  VKIH.5  A>  - 0.8 1 1 ft.  Using  R - pUA  and  solving  for  />  gives  p - 
RAIL  - R*(iX2flL  - (0.S  1 1 ft)*I<O.COSOO  mV2|:t  1.50m)-  1.016  x 10*  ftm. 

<b>  At  92.0°C  R - V/I  - (15.0  V)(I72  A) - 0.872  ft  Using  R - *»(  I ♦ dT-  T .)]  with  71,  taken  as  20.0°C.  we 
have  0.872  li  - (0.81 1 i!)|l  * o(92.0:C  20.0’C)].  Thi*  gives  a - 0.00105  (C)  1 
EVALUATE:  The  results  are  Ivpicol  of  ordinary  nxtals. 

IDENTIFY:  E - pJ  . where  J -II  A.  The  drift  velocity  is  given  by  / - 

SETUP:  For  copper,  ps  1.72x10  ' ftm.  n ^8.5x  10'*  /m\ 


Execute:  <a)./--i- 


3.6  A 


A (2.3x10  m> 


-6.81x10' A m*. 


|b>  £-/>./ -(1.72  x 10  * ft  m)6.S I x 1 O'  A nf  ) -0.012  V/m. 

(c>  The  time  to  travel  the  wire's  length  / rs 

/ lnty\A  (4.0m)(8.5xl01,«WK1-6xl0'^C)(2.3xlQ  1 m)" 


-8.0xl04  s. 


• '•  A 


r - 1333  min  =•  22  his! 


EVALU  ATE:  The  currents  propagate  very  quickly  along  the  wire  but  the  mdivxluil  electrons  travel  very  slowly. 
IDENTIFY:  E - pJ  , where  J - If  A. 

SET  UP:  For  tungsten  p - 5.25  x 10  1 ft  m and  for  aluminum  p - 2.75  x 10  ' ft  m. 


EXECUTE:  (a)  tungsten:  t - pJ 

A 


pi  (5-25x10  ' ft-m)(0.820A> 


<*•4)13.26x10  ml 
pi  (2.75x10  ' ft  mVOMOA) 


T-r-Z*  5.16x10  * V/m. 


2.70x10  'V/m. 


lb)  aluminum'  E - pJ  - — - 

A (*4M3.26xlO  my 

EVALUATE!:  A larger  electric  field  is  required  fee  tungsten,  because  it  has  a larger  resistivity. 
IDENTIFY:  The  resistivity  of  the  wire  should  identify  what  th:  rmterial  is. 

SET  Up:  R - pL*'A  and  the  radius  of  the  wire  is  half  its  diameter. 

EXECUTE:  Solve  tor  p and  substitute  the  numerical  values. 


p*ARfL*miDl2fRIL* 


t 1 1000205  ml  2 Y (0.0290  ftt 


- 1 .47  x 10'  ft 


fr.50  m 


EVALUATE:  This  result  rs  the  sanx:  os  the  resistivity  of  salveT.  which  implies  that  the  material  is  silver. 

<a)  IDENTIFY:  Start  with  the  definition  of  resistivity  and  use  its  dependence  on  temperature  to  find  the  electric 
field. 

SKriip:  F.-pj= p„\\  - oir  - r„ii-4 

xr 

Execute:  £-(5.25  xlO  * ft  m>(l  (0.0045  Ca  )(I20°C  20°C)]<12.5  A>I;t<0.000500 mf\  - 1.21  V7m 
(Note  that  the  resistivity  at  120°C  turns  exit  »o  be  7.61  x 10  * ft  m.) 

EVALUATE:  Thrs  result  is  fairly  large  because  tungsten  has  a larger  resrsitivity  than  copper. 

<b>  IDENTIFY:  Relate  resistance  and  resistivity. 

SET  Lip;  R - fUA  - pL/m* 

Execute:  K-J7.6I  -10  ‘ n mKO.I50mk(B(0.00:500m)’l-O.OI450 

EVALUATE:  Most  metals  have  very  low  resistance. 

<c)  IDENTIFY:  The  potential  difference  is  propirt  iixial  to  tlie  length  of  wire. 

SET  UP:  V - EL 

Execute:  V-{12\  VAn)<0.l50m>-0.182  V 

Evaluate:  We  could  also  calculate  V - IR  - < 1 2.5  A 1(0.0 145  ft)  - 0.181  Y\  in  agreement  with  part  (c). 
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25.16. 


25.17. 


25.18. 


25.19. 


25.20. 


25.21. 


r. 


pL 

IDDOIFY:  Apply  R and  solve  for  L. 

A 

SET  UP:  A - xD'  > 4 . w here  l)  - 0.462  mm  . 

Execute:  , - **  . -P  9?5 

p 1.72x10  * Cl  m 

EVALUATE:  The  resistance  is  proportional  lo  tlic  length  of  the  wire. 

pL 

Identify:  R 

A 

Set  UP:  For  copper,  p = 1 .72  x 1 0 * ft  m . .4-  xr'. 

r.  „ (1.72x10*0  mK240m)  A t<ir  ^ 

EXECUTE:  R 0.125  Q 

.r(l.025x  10  my 

EVALUATE:  The  resistance  it  proportional  lo  tlic  length  of  tlie  piece  of  wire 


IDENTIFY:  R - 


pL  pL 


SET  UP:  For  aluminum  pA  - 2.65  x lO’Om.  For  copper.  /*  - 1.72x10  * f2  m. 
EXECUTE:  — - — - constant . so  — i - — rf  = )—  - (3.26 

J-  4 L efi  J;  V*7 


1.72x10  ' ft  m 


2.64  mm. 


2.63x10*  il  m 

EVALUATE:  Copper  has  a smaller  resistivity,  so  the  copper  wire  has  a smaller  diameter  in  order  to  have  the  some 
resistance  as  the  aluminum  wire. 

IDENTIFY  and  SET  UE  Use  Eq.  (25. 101  to  calculate  A.  Find  the  voluirc  of  the  wire  and  use  the  density  to 
calcuUtc  the  mass. 

EXECUTE:  Find  th:  volume  of  one  of  the  wires: 

ff,£i10^,£iond 
A R 

(1.72x10  'ft  m)(3.50  m)J 

volume  - AL  - -1.686x10 'in' 

R 0.125  n 

m = (density  )F  ^ (S.9 x I04  kg  m4 )( 1 .686 x 1 0 * m1 ) =•  1 5 g 
K\  ah  ate:  The  matt  we  calculated  is  reasonable  for  a wire 


Identify:  r - 


Set  Up:  The  length  of  the  wire  in  the  spring  rs  the  circumference  zd  of  eaeh  coil  times  the  number  of  coils 

Execute:  L = (75)rrf  = <7S|s(3.SOx  10'3  mi  = 8.25  m 

A -.rr'  = 3i/3i'4  = .r(3. 25x10  1 m)3/4  = 8.30x10*  m\ 

RA  (1.74  0X8.30x10*  m-)  . „ 

,* - I.7S*  10  O m 

L 8.25  m 

EVAIUATE:  The  value  of  p we  calculated  rs  about  a factor  of  100  times  larger  than  p for  copper.  The  metal  of 
the  spring  is  not  a very  good  conductor. 

Identify:  R-t — . 


SET  Up:  /.  - 1 .80  m.  the  length  of  one  side  of  the  cube.  A - L\ 

Execute:  R - di - £L  - !L  - : ~^  ll>  **-■  - 1 .53  x io  ' ft 
ALL  1.80  m 

EVALUATE:  The  resistance  is  very  small  because  .*1  is  very  much  larger  than  th:  typical  value  for  a wire. 
Identify:  Apply  R,  - /^(l+ajr-iy) 

SET  Up:  Since  V - IR  and  V is  the  same,  . For  tungsten,  a = 4.5x  10'1  (C°)  '• 

.i  *r 


25.22. 
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25.32. 


25.33. 


25.34. 


Identify:  Rr  -Rt[\  + a(T-T,)] 

SET  UP:  R,  - 2173  £2  - 215.8  n . For  carbon,  r/  - -0.00050  (C*)1. 

13.8  C*.  r = l3.8C*+4.0°C  = 17.3*C. 

EVALUATE:  For  carbon,  a is  negative  so  R decreases  as  T increase*. 

oL 

IDENTIFY  and  Set  UP:  Apply  R - — to  drterminc  the  effect  of  increasing  A and  L 

A 

EXECUTE:  (a)  If  120  strands  of  wire  are  placed  side  bv  side,  we  are  effectively  increasing  tlx 


EXECUTE*  r-r  IX,  K<->  <2l5.sn  2I7..U1)- 
* a -0.00050  (C")1 


o!  the  current 

earner  by  120.  So  the  resistance  is  smaller  by  thit  factor:  R = (5.60x10  *ft)/120  » 4.67x10  * £L 

(b)  If  120  strands  of  wire  arc  placed  ere!  to  end.  we  arc  effectively  increasing  the  length  of  the  wire  by  120,  and  so 

R = (5.60x10*0)120^6.72x10  'll 

EVALUATE:  Plaring  the  strands  sid:  by  sxle  decreases  the  resistance  and  placing  them  end  to  end  increases  the 
resistance. 

IDENTIFY:  When  the  ohtnmctcr  is  connected  between  the  opposite  faces,  the  current  flows  along  its  length,  but 
when  the  meter  is  connected  between  the  inner  and  outer  surfaces,  the  current  flows  radially  outward. 


(a)  Setup: 
Execute: 
lb)  Set  UP: 
Execute: 


Cl 


For  a hollow  cylinder.  R - pUA%  where  A - sib  - a2). 

pL  (2.75x10  1 n*m)(2.50  m) 

R _ pi  .( i : , - 2.00  x 10 

.t (h’ - a * ) (00460  m)‘  -(0.0320  m)1  I 

For  radial  current  flow  from  r - a to  r - R - (phrl)  In(Mr)  (Example  25.4 y 

R ~ JLhlbfa)  = — — 

2t L 2.r(2-50  ml 


fl  m,  < 4.60cm 
In 


- 6.35  x 10  " £2 


3.20  cm 

EVALUATE:  The  resistance  is  much  simllcr  lor  the  radial  flow  because  the  euirent  flows  through  a much  smaller 
distaixe  and  tlv  area  through  which  it  flows  is  much  Larger. 


Identify: 


Lsc  R - to  calculate  R and  then  apply  y - JR  P-  VS  and  energy  - Pi 

A 


SET  UP:  For  copper,  p = 1.72x10  ' £2  m.  A - jzr' . where  r - 0.050  m. 


EXECUTE:  (a)  R - - — 
A 


pi  11.72x10  ' n-mMlOOxIO'vn) 


0.219  £2 . V - JR  -(\2$  AX0.2I9  £2)  ^ 27.4  V. 


T10.050  my 

(b>  P - Vi  (27.4  V 1(125  A)  - 3422  W - 3422  Ife  and  energy  - Pt  ^ (3422  L s)(3600  s)  = 1 .23x  I01  J. 

EVALUATE:  The  rate  of  electrical  energy  loss  in  the  cable  is  large,  over  3 kW. 

IDENTIFY:  When  current  passes  through  a battery  in  the  direction  from  the  - terminal  toward  the  ♦ terminal,  the 
terminal  voltage  Fkof  the  battery  is  Vu,-£ - Jr  . Also.  - JR.  the  potential  across  the  circuit  resistor. 

SET  UP:  £ m 24.0  V . / * 4.00  A. 

£-V.  24.0  V-2I.2Y 


Execute:  (a)  V -£-Jr  gives  r - 


11.700  11 


4.00  A 


V ’1  1 V 

lb)  Oso  — 5.30 £1 

/ 4.00  A 

EVALUATE:  The  vohage  drop  across  the  internal  resistance  of  the  battery  causes  the  terminal  voltage  of  the 

24.0  V 


batterv  to  be  less  than  its  cmf.  The  total  resistaixe  in  the  cireuit  is  R t-  r - h.00  12  J - 


\.  which 


6.00  £2 

agrees  with  the  valu:  spreified  in  the  pcobVrm 
Identify:  V =£- Jr . 

SET  UP:  The  graph  gives  V - 9.0  V when  / - Oand  / - 2.0  A when  V - 0. 

Execute:  (a)  £ is  equal  to  the  terminal  voltage  when  the  current  is  zero.  From  the  graph,  this  is  9.0  V. 

(bl  When  the  terminal  voltage  is  zero,  the  potential  drop  across  the  internal  resistance  is  just  equal  in  magnitud:  to 
the  internal  cmf.  so  rl  - £ . which  gives  r - £ //  - 19.0  V)'|20  A)  - 43  £2. 

EVALU  ATE:  The  terminal  voltage  drereases  as  the  current  through  the  buttery  iix reuses. 

(a)  IDENTIFY:  The  idealized  ammeter  lias  no  resistance  so  there  is  no  potential  drop  arross  it.  Therefore  it  acts 
like  a short  cireuit  across  the  terminals  of  tb:  battery  and  removes  the  4.00-12  resistor  from  the  circuit.  Thus  the 
only  resistance  in  \hs  cireuit  is  the  2.00*0  internal  resistance  of  the  battery. 

SET  UP:  Use  Ohm's  law:  l-£/r. 

Execute:  / - (lo  o vw2.oo  Cl) - 5.cu  a. 
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25.35. 


25.36. 


25.37. 


<b>  The  zero -resistance  ammeter  us  in  pirallcl  with  the  4.00»ft  resistor,  so  all  the  current  goes  through  the  ammeter. 
If  no  current  goes  through  the  4.00-11  resistor.  tlx  potential  drop  across  it  must  be  zero. 

<c)  Tlx  terminal  voltage  is  zero  since  there  is  no  potential  drop  across  tlx  ammeter. 

EVALUATE:  An  ammeter  should  never  be  connected  this  way  because  it  would  seriously  alter  tlx  circuit! 
IDENTIFY:  The  terminal  voltage  of  tlx  battery  is  - £ - lr . Tlx  voltmeter  reads  the  potciuial  ditTercnce 

between  its  terminals. 

SET  IJP:  An  ideal  voltmeter  has  infinite  resistance. 

EXECUTE:  (a)  Sitxc  an  ideal  voltmeter  has  infinite  resistance,  so  there  would  be  NO  current  through  the 
2.00  resistor. 


(b)  s £ = 5.0  V;  since  there  is  no  current  there  is  no  voltage  lost  over  the  internal  resistaixe. 

(c>  Tlx  voltmeter  reading  is  therefore  5.0  V since  with  no  current  flowing  tlxre  is  no  voltage  drop  across  either 
resistcc. 

EVALUATE:  This  not  the  proper  way  to  cceineet  a voltmeter.  If  we  wish  to  measure  tlx  terminal  voltage  of  the 
battery  in  a circuit  that  dexs  not  include  the  voltmeter,  then  connect  the  voltmeter  across  the  terminals  of  the  battery 
IDENTIFY:  The  sum  of  the  potential  changes  arourcl  the  circuit  loop  is  zero.  Potential  decreases  by  IR  when 
goong  through  a resistor  in  the  direction  of  the  current  and  increases  by  £ when  passing  through  an  cmf  in  tlx 
direction  from  the  - to  * terminal. 

SET  UP:  The  current  k counterclockwise.  because  the  16  V battery  d^cnniixs  the  direction  of  cunent  flow. 
Execute:  + 16.0  v - 8.0  v - /(i  .6  n + s o n ♦ 1 4 ft  * 9.0  ft)  ^ 0* 

16.0  V -8.0  V 


.612  0.012+1.4  ft  1 9.  12 


- 0.47  A 


<b>  i;  + 16.0  V - /(l. 6 ft)  ^ I' , so  V\-Vt  ^ VM  - 1 6.0  V - ( 1 .6  ft  |<0.47  A>-  15.2  V. 

<c>  Y +8.0  V + /(1.4  ft +5.0  ft)  = U so  Ym  = (5.00*0.47  A)  + (l.4ftK047  A)t8.0Vdl.O  V. 

<d>  The  graph  is  sketched  in  figure  2536. 

Evaluate:  V t = <0.47  A«9.0  ft)  = 4.2  V.  The  potential  at  point  b is  1 5.2  V below  the  potential  at  point  a and 
the  potential  at  point  c is  1 1.0  V below  the  potcntul  at  point  a%  so  the  potential  of  point  c is 
15.2  V - 1 1 .0  V = 4.2  V above  the  potential  of  posit  b. 


Figure  2536 


IDENTIFY:  The  voltmeter  reads  the  potential  difference  between  the  terminals  of  tlx  battery. 
SET  Up:  >xxn  circuit  / - 0.  The  circuit  is  sketched  in  figure  25.37a. 


SET  Up:  switch  ekised  The  circuit  is  sketched  m Figure  35.37b. 

Execute: 

Y+  =£-/r  = 2.97  V 
r-2.97  V 


figure  25.37b 


3.08  V- 297  V _ 

r‘— tsta — 00670 


V 2 97  V 

And  )*  -JRwR — — - — 1.80ft 

* / 1.65  A 

EVAJ.UATE:  When  current  flows  through  the  battery  there  rs  a vohage  drop  across  its  internal  resistance  and  its 
termiml  voltage  Kb  lets  thin  its  cmf. 
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25J8. 


25.39. 


IDEKI1FV:  The  sum  of  the  potential  changes  around  the  loop  is  zero. 

SET  UP:  The  roltmclcr  read*  the  IR  voltage  arross  the  9.D  fi  resistor.  The  cumrrt  in  the  circuit  is 
counterclockwise  because  the  16  V battery  determines  the  direebon  of  the  current  flow. 

Execute:  <»>  r*  = 1 .9  v gives / = r;  / R^  = 1 .9  v/9.0  n = 0.2 1 a. 


(b>  16.0  V-8.0  V - (1.6  f2-t9.0  0+1.4  O+iWO.21  A)  and  R 


26. 1 O 


0.21  A 

Id  The  graph  is  sketched  in  Figure  25.38. 

EVALUATE:  In  Exercise  2536  th:  current  is  0.47  A.  When  the  5.0  O resistor  is  replaced  by  the  26. 1 O resistor 

the  current  decreases  to  0.21  A. 


(a)  IDENTIFY  and  Set  Up:  Assume  that  the  current  is  clockwise.  Th:  circuit  is  sketched  in  Figure  2539a. 


5.011 


MU 


Add  up  the  potentul  rxses  and  drops  as  travel  clockwise  around  the  circuit. 


Execute:  I6.o  v - /( i .6  n) - / (9.0  n) + 8.0  v - /(m  n)  - /( 5.0  n) = o 


i 


16.0  Vt  8.0  V 


24.0  V 


-1.41  A,  clockwise 


9.0  £2  + 1 .4  12  + 50  12  + 1 .6  12  17.0  12 

EVALUATE:  The  16.0  V battery  drives  the  current  clockwise  more  strongly  than  the  8.0  V battery  does  in  the 
opposite  direction. 

lb)  IDENTIFY  and  Set  Ur  Start  at  poanl  a and  travel  through  the  battery  to  point  6.  keeping  track  of  the  potential 
changes.  At  poent  h the  potential  is  V . 


Execute:  I'  »I6.0  V-/(l.60)= V, 
»;-l^  = -16.0  V»(l.41  A«1.6n) 


Vk  - -16.0  V -*2.3  V - -13.7  V (point  a « at  lower  potential:  it  it  (Ik  negative  terminal) 

Evaluate:  Could  also  go  counterckiekwisc  from  a to  b 
r +(1.41  A)(5.0  0)+(1.4l  A 1(1.4  12) -8.0  V +(1.41  A)(9.0  12 
V+  = -13.7  V.  which  checks. 

<c>  iDEVnFY  and  SET  UP:  State  at  point  a and  travel  through  the  battery  to  point  keeping  track  of  th:  potential 
changes. 

Execute:  I'  * 1 6.0  V-/(l.6n)-/(9.0I»J  - V. 
y-r  = -I6.0  v ♦(i.4i  A)(i.6n-9.on) 

»'  - - 160  V » 1 5.0  V - -1.0  V (point  ir  m at  lower  potenlial  than  poitu  r) 

EVALUATE:  Could  also  go  counterclockwise  from  u toe: 

Vm  +(1.41  A)(5.0  £2)  + (1.41  A)(l.412)-8.0  V = F 


>1  =-10  V.  w hich  cheeks. 
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25.40. 


25.41. 
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<d)Call  the  potential  zero  at  point  a.  Travel  clockwise  around  the  circuit.  The  graph  is  sketched  in  figure  25.39b. 

V 


Figure  25.39b 


IDENTIFY:  Ohm's  law  says  R — is  a constant. 


SET  UP:  lul  Tie  graph  is  given  in  figure  25.40a. 

EXECUTE:  <bl  No.  The  graph  of  versus  / is  not  a straight  line  so  THyritc  does  not  obey  Ohm's  law 
(cl  The  graph  of  R versus  / is  given  in  figure  25.40b.  R is  not  constant;  it  decreases  as  / increases. 
EVALUATE:  Not  all  materials  obey  Ohm's  hw. 


Figure  25.40 


IDENTIFY:  Ohm's  law  says  R — il  is  a constant. 

SET  UP:  (a)  The  graph  is  given  in  figure  25.4 1 . 

Execute:  <bl  The  graph  of  versus  / is  a straight  line  so  Ntchrome  obeys  Ohm's  law. 

15.52  V- 1.94  V 


(cl  R is  the  slope  ot  the  graph  in  part  (at.  R - 


SM  II 


4.00  A - 0.51)  A 

EVALUATE:  K.  //  for  every  / gives  the  sune  result  for  /?.  R - 3.8ft  II 


r(A> 

Figure  25  J1 

|DF.VI»V  .ind  SET  tip:  Fix  a rctisloi.  P - VI  ^V'lK  and  V - /ft 

Execute:  (a>  <l5°  v'‘  , 

P 327  W 

,b>  / - — — — 21.8  A 
R 0.68S  n 

P 327  W 

EVALUATE:  We  could  also  write  P - VI  to  calculate  / — 21.8  A. 

V 15.0  V 
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25.45. 


25-46. 


25.47. 


25.48. 


IDENTIFY:  The  bulbs  are  each  connected  across  a 120*V  potential  difference. 

SET  UK  Use  P - \*>R  to  solve  foe  R and  Ohm  s law  (/  - V/R)  to  find  the  current 

Execute:  (a)  R - \*IP  - (120  V)V(ioo  W)  - 144  a 

Ibl  R - -(120  V):(60  W)  - 240  O 

(c>  For  the  100  W bulb:  / - V/R  -(120  Vy< 144  Q)- 0.833  A 

For  the  60AV  bulb:  / - (120  VM240  fl)  - 0.500  A 

Evaluate:  The  60- W bulb  has  metre  resistance  than  the  100AV  bulb,  so  it  draws  less  current. 

IDENTIFY:  Across  120  V.  a 75W  bulb  dissipates  75  W.  Use  this  fact  to  find  its  resistaixc.  and  then  find  the 
power  the  bulb  dissipates  across  220  V. 

Set  Up:  P - V*/R,  %oR  - r,'P 

EXECUTE:  Across  120  V:  R - <120  VTA  75  W)  - 192  fi.  Acro«  a 220  V lira:,  its  power  will  be/*-  r.'rt  - 
(220  V)5/<192  fi)  - 252  W. 

EVALUATE:  The  bulb  dissipates  much  nxire  power  across  220  V.  so  it  would  likely  Mow  out  at  the  lugh^ 
voltage.  An  alternative  solution  to  the  problem  is  to  take  the  ratio  of  the  powers. 


120 


This  gives  P^t  a (75  W)|  2I_i  ; -252W. 


A "TOO'W  European  bulb  dissipates  100  W when  used  across  220  V . 

Take  the  ratio  of  the  power  in  th:  US  to  the  power  in  Furore,  as  in  the  aitermtive  method  for 


problem  25.44.  using  P - V*fR. 


Execute: 


IV  R 


> 


120  V 


This  gives  100  W 


: 


20  V 
220  V 


- 29.8  W. 


I'  ; V 220  V 
(b>  Set  IP:  Use  P - IV to  find  the  current. 

Execute:  / - P/V - (29.8  W)( 1 20  v>  - 0.248  A 

EV  ALUATE:  The  bulb  draws  considerably  less  power  in  the  U.S..  so  it  would  be  much  damnvr  than  in  Europe. 
Identify:  P =>  VI . Energy  - Pi. 

Set  Up:  P ^ (9.0  V K0. 1 3 A > - 1 . 1 7 W 

Execute:  Energy  -(1.1 7 WMl.S  h H 3600 s/h)-  6320  J 

EVALUATE:  The  energy  consumed  is  ptvpoxlional  to  the  voltage,  to  the  current  and  to  the  time. 

P 


IDENTIFY  and  SET  l P: 


of  the  spccifcd  variables. 


By  definition  p Use  P ^ 17.  E - V L and  / ^ JA 


Execute: 


(a)  E is  related  to  1 and  J is  related  to  /.  so  use  P — VI.  This  gives  p 


rewnte  this  expression  in  terms 


17 


V / 

L A ' 

I:R 

(b>  J is  related  to  / and  p is  related  to  R.  so  use  P - IR3.  This  gives  p - — — 

/ = JA  and  R = -i.  «»/»  = LyiLpj' 

y3 

(el  E is  related  to  Land  p is  related  to  so  use  P - V1  SR.  This  gives  p - -1— . 


V - EL  and  R 


• • 


SO/J 


E2L!  j A 
L i : pL 


EVALUATE:  Tor  a given  material  I p constant!. p is  proportional  to  ./'  or  to  F.' . 

IDENTIFY:  Calculate  th:  current  in  the  circuit.  The  power  output  of  a battery  is  its  terminal  voltage  times  th: 
current  through  iL  The  power  dissipated  in  a resistor  is  L R . 

SET  UP:  The  sum  of  the  potential  changes  around  the  circuit  is  zero. 

EXECUTE:  <■>  / - - 0.47  A . Then  P^  = I'R  - (0.47  A>’<5.0  n>  = I . I W and 

P,Q  = l:R  = (0.47  A)’(9.0n>  = 2.0  W. 

<b>  =£1  -l‘r  =(16 VK0.47 A)-(0.4“  A)*(l.6fl)  = 7.2  W. 

(c)  P„-£S’  fr*  - (8.0  V 1(0.47  A|  t (0.47  A)'(1.4  II)  = 4.1  W. 

EVALUATE:  (d)  (b)-(a)  + (c).  The  rale  M which  the  16.0  V battery  delivers  electrical  energy  tolhc  circuit 
equals  the  rate  at  which  it  is  consumed  in  the  8.0  V battery  and  the  5.0  C2  and  9.0  O resistorv 
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25.49. 


25.50. 


25.51. 


25.52. 


25.53. 


(a)  lOENTUV  and  SET  UP:  P - VI  and  energy  ~ (power)  x (lime). 

Execute:  P = M =(12  V)(60  A)  = 720  W 

The  battery  can  provide  this  for  1.0  h.  to  the  energy  the  battery  hat  stored  it 
U = Pt  - (720  W )(36X  s>  = 2.6x  10'  J 

(b)  iDEvnFY  and  SET  UK  Foe  gasoline  the  hrat  of  combustion  it  Lk  - 46x  ICf  J kg.  Solve  for  the  mass  m 
required  to  supply  the  energy  calculated  in  part  (at  and  u«  density*  p - ni  l V to  calculate  V. 

Execute:  The  maw  of  gasoline  that  supplies  2.6  xlO  J it  m - ~ f'  lM  1 - 0.0565  kg. 

46x10  J.’kg  6 

The  volume  of  this  mats  of  gasoline  is 
t'^=OQ565^_6Jx|0.tw,r.OOOLl  ac3L 
p 900  kg  m \ lm‘  J 

(c>  IDEVI1FY  and  SET  UP:  Energy  - I power  I x ttinx):  the  energy  it  that  calculated  in  part  (a). 

Execute:  u - Pt.  J - — - 1 - 5800 1 - 97  min  - 1.6  h. 

P 450  W 

EVALUATE:  The  battery  discharges  at  a rate  of  720  W < for  60  A)  and  it  charged  at  a rate  of 450  W.  to  it  takes 
longer  to  charge  than  to  discharge. 

IDENTITY:  The  rate  of  con  venial  of  chemical  to  electrical  energy  in  an  emf  is  £1  . The  rate  of  dissipation  of 
electrical  energy  in  a resistor  R is  I' R 

SET  UP:  Example  25.10  finds  that  / - 1.2  A for  this  circuit.  In  Example  25.9,  27  - 24  \V  and  /'V  = 8 W . In 
Example  25.10.  I*R  - 12  W . or  1 1.5  W if  expressed  to  three  significant  figures. 

Execute:  (a)  P-€I  = (12  vw .2  A)  = 14.4  w . This  it  lets  than  the  previous  value  of  24  W. 

(b)  The  energy  dissipated  in  the  battery  it  / - I'r  - (1.2  A)‘(2.012l  - 2.9  W.  This  is  lets  than  S W,  th:  amount 
found  in  Example  (25.9). 

(c)  The  net  power  output  of  the  battery  is  14.4  W - 2.9  W - 1 1.5  W . This  is  the  tame  as  the  power  dissipated  in 
the  8.0  12  resistor. 

EVALUATE:  With  the  larger  circuit  resistance  the  current  is  lets  and  th:  power  input  and  power  consumptxm  arc 
lets. 

IDENTIFY:  Some  of  the  power  generated  by  the  internal  emf  of  the  battery  is  dissipated  across  th:  battery's 
internal  resistance,  so  it  is  not  available  to  the  bulb. 

SET  UP:  Use  P - I'R  and  take  the  ratio  of  the  power  dissipated  m the  intcmil  resistance  r to  the  total  power. 

P /V  r 3.5  il 


EXECUTE: 


= 0.123  = 12.3% 


Pi ^ r{r  + R I r+tf  28.512 

EVALUATE:  About  88%  of  th:  power  of  the  battery  goes  to  the  bulb  The  rest  appears  as  heat  in  the  internal 
resistance. 

iDEVniY:  The  voltmeter  reads  the  terminal  voltage  of  the  battery,  which  is  the  potential  difference  across  the 
appliance.  The  terminal  voltage  is  lew  than  15.0  V because  some  potential  is  lost  across  the  internal  resistance  of 
the  battery. 

(a  i Set  Up:  P - V*fR  gives  the  power  dissipated  by  the  appliance 
Execute:  P - (1 1.3  V)2*75.0 12)  - 1.70  w 

(b)  SET  UP:  The  drop  in  tcrmiml  voltage  ( £ fuS)  is  du:  to  the  potential  drop  across  th:  internal  resistance  r. 
Use  //*  • £ to  find  the  internal  resistance  r.  but  first  find  th:  current  using  P - IV. 

EXECUTE:  / - P/V - ( 1 .70  W>(  1 1.3  V) -0.151  A Then  Ir  - £ V+  gives 
(0.151  A)r-  15.0  V-  1 1.3  V and  r- 24.6 12. 

E' VALL  ATE:  The  full  15.0  V of  the  battery  would  be  available  only  when  no  current  l or  a very  small  current  l is 
flowing  in  the  circuit.  This  would  be  the  base  if  the  ^lpliatKc  had  a resistance  much  greater  tlan  24.6 12. 
IDENTIFY:  Solve  for  the  current  / in  the  circuit.  Apply  Eq.  (25. 17)  to  the  'qiecificd  circuit  elements  to  find  the 
rates  of  energy*  crcivcrsion. 

SET  Up:  The  circuit  is  sketched  in  Figure  25.53. 


I' 


Execute:  Compute  /: 
£ - Jr  - JR  -0 

£ 12.0  V 


2.00  A 


rtR  1.0  5.0 12 
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<a.i  "Hie  rale  of  conversion  of  chemical  energy  to  electrical  energy  in  the  emf  of  the  battery  is 
/>  = £/  = ( 1 20  V )( 100  A)  = 24.0  W. 

(b)  The  rate  of  dissipation  of  electrxal  energy  in  the  internal  resistance  of  the  battery  is 

p = / V = ( 2.oo  a)1  (i.on)s  4.0  w. 

(c>  The  rate  of  dissipation  of  electrical  energy  in  the  cxtcrml  resistor  R is  P - S'R  - 1 2.00  A((50fl)  - 20.0  W. 
EVALUATE:  The  rate  of  production  of  electrical  energy  in  the  circuit  rs  24.0  \V.  Tb:  total  rate  of  consumption  of 
electoral  energy  in  the  circuit  is  4.00  W ♦ 20.0  W - 24.0  \V.  Ilqual  rate  of  production  and  consumption  of 
clcctrxal  energy  axe  required  by  energy  conservation. 

25.54.  Identify : The  power  delivered  to  the  bulb  is  PR  Energy  - Pi . 

SET  Up:  The  circuit  is  sketched  in  Figure  25.54.  rldA  is  the  combined  internal  resistance  of  both  battenes. 
EXECUTE:  (a)  r^ut  — 0 . The  sum  of  tb:  potential  changes  around  the  circuit  is  zero,  so 
1.5  V + 1.5  V — /<  1 7 O)  = 0 . 7=0.1 765  A . />  = J*R  = (0.1765  A)*  (17  H>  = 0.550  W . Thisisabo 
(30  VK0.I765  A> . 

<b>  Energy  ^ (0.530  W K5.0  h)(3600  s/h)  = 9540  i 

<c>  - 0.265  W.  />  = /**  so  / - JL  = - 0. 125  A . 

The  sum  of  the  potential  changes  around  the  circuit  is  z^ro.  so  1 .5  V + 1.5  V-  !R-  Jr„d  = 0 . 

3.0  V-, 0.125  A)(I7  Q)  aTOti 
0.125  A 

EVALUATE:  When  tb:  power  to  the  bulb  has  &;  reused  to  half  its  initial  value,  the  total  internal  resistance  of  the 
two  batteries  is  nearly  half  the  rcsistanec  of  the  bulb.  Compared  to  a single  buttery,  using  two  identical  batteries  in 
series  doubles  the  emf  but  also  doubles  the  total  internal  rcsistaixe. 

1.5  V 1.5  V 

w/ 


r ■ i ?n 

Figure  2554 

25.55.  iDEWnn:  P - l:R  -- — - V!  . V = IK . 

R 

SET  UK  The  heater  consume*  540  W when  I'  -120  V . Enemy  - Pl 
V‘  V1  (120  Vr 

EXECUTE:  (a)  P-  — v>  R-  — - - 26.7  U 

p \y 

<b>  P = 17  so  / ^ 4.50  A 

V 120  V 

<c>  Assuming  that  R remains  26.7  Q . P-  — ■ 1 ^ -■  - 453  W . P is  smaller  by  a factor  of  (1 10/120)*. 

R 26.7  n 

EVALUATE:  (dl  With  the  lower  line  voltage  the  current  will  decrease  and  the  operating  temperature  will 
decrease.  R will  be  less  than  26.7  O and  tb:  power  consunvd  will  be  ureatcr  than  tbc  value  calculated  in  part  <c). 


25.56.  Identify:  From  Fu.  (25.24k  p - 


tier 


SETUP:  For  silicon,  p - 2300  O m. 


Execute:  (a)  r 


9.11x10  “ kg 


.55x10  s 


•*>  (1.0x10“  m 1(1  60x10  “ CH23flOn  in) 

Evaluate:  <b)  The  number  of  free  electrons  in  copper  |K.5x  10‘*  m * ) is  much  larger  than  in  pure  silicon 
(1 .0x10“  m ‘ ).  A simllcr  density  of  current  carriers  nxans  a hiuhcx  resistivity. 


25.57.  (at  IDENTIFY  and  SFT  Up:  Use  R 


EXECUTE: 


ra  (0.104  Q).r(l.25xlO  1 mf 


- 3 .65  x 10  il  in 


4.0  m 


Current,  Rcsiuirce.  and  Electromotive  Force  25*13 


25.58. 


25.59. 


25.60. 


Evaluate:  This  value  is  similar  to  that  for  good  metallic  conductors  in  Table  25. 1 . 
(b>  IDENTIFY  and  SET  UP:  Use  V - EL  to  calculate  E and  then  Ohm's  law  gives  / 
Execute:  V - EL  *{ 1 .28  V/m )( 14.0  m)  = 1 7.9  V 

i-L  -!Z22L=i72 a 

R 0.104  0 

EVALUATE:  We  could  do  the  calculation  another  way: 


v . , E 1.28  Wm 

E - pJ  so./  ■ 

p 3.65x10  O m 


3.51x10  Am 


2.58x10  ‘ m s -158  mms 


/ - = (3.51x10’  A/m3  )jt(  1.25x10  ; m)=172  A.  whxhclxcks 

(cl  IDENTIFY  and  SET  Uh  C alculate  JmifAocJ  -Elp  and  then  use  I:q.  (25.3)  for  the  target  variable  v4 
EXECUTE:  J - =•  nev4 

J 3.51x10'  A/m3 

(8.5x10’  in  ' )|1.602xl0  ,v  C) 

EVALUATE:  Even  for  this  very  large  current  the  drift  speed  is  snrnll. 
pL 

IDENTIFY  : Use  R to  calculate  the  resistance  of  the  silver  tube.  Then  / - V > R. 

A 

SET  Up:  Foe  silver.  = l 47x  10  * fi  m The  silver  tube  is  sketched  in  Figure  25.58.  Since  the  thickness 
7*  - 0.100  mm  is  much  smaller  than  the  radius,  r - 2.00  cm  . the  cross  section  area  of  the  silver  is  2xrT.  The 
length  of  the  tube  is  / - 25.0  m. 

Ftfmin?-  r 1 V VA  y(lxrT)  (12  VK2.t)(2.(©x  10  3 mMO.lOOx  10  1 m> 

~~R~  pi;  A ~ ~p!  p!  (147x  It)  * Cl  mM25.0m) 

Evaluate:  The  resistance  is  small.  R - 0.0292  ft  . so  12.0  V produces  a large  current 

Al 


- 410  A 


IDENTIFY  and  SET  UP:  With  the  voltnxler  connected  across  the  terminals  of  the  battery  tlxrc  is  no  cu nent 
tluough  the  battery  and  the  voltnxtcr  reading  is  the  buttery  cmf;  £ - 12.6  V. 

With  a wire  of  resistance  R connected  to  the  buttery'  current  / flows  and  £ - Jr  - IR  - 0.  where  r is  the  internal 
resistance  of  the  battery.  Apply  this  equation  to  each  piece  of  wire  to  get  two  equations  in  the  two  unknowns. 
EXECUTE:  Call  the  resistance  of  the  20.0  m piece  Rt  ; then  the  resistance  of  the  40.0  m piece  is  R:.  - 2 Rr 
£ - /,r  - /,/?,  =0;  12.6  V -(7.00  A Jr -(7.00  A JR  =0 

£ - l:r  - Is  (2RJ- 0;  12.6  V - ( 4.20  A)r  - (4.20  A|<  2R ) = 0 

Solving  these  two  equatxms  m two  unknowns  gives  Rt  - 1.20  ft.  This  is  the  resistance  of  20.0  m.  so  the  resistance 

cifime  mclcr  » | 1.20  0 (20.0  m)](l.00  m|  -0.060  li 

EVALU  ATE:  We  can  also  solve  for  r and  we  get  r - 0.600  C2.  When  measuring  small  resistances,  the  internal 
resistance  of  the  buttery  lias  a large  etTo^. 

IDENTIFY:  Conservation  of  charge  requires  that  the  current  is  the  sanx  in  both  sections.  The  v oltage  drops 
icross  carh  section  add.  so  R - Ru  + R The  total  resistance  is  the  sum  of  tlx  resistances  of  each  section. 

£ - pJ  - - — .so  E . where  R is  the  rcsistarxe  of  a section  and  L is  its  length. 

A L 

SETUP:  Forcoppci.  p,_  =1.72x10  1 tl-m.  For  silver.  ps  -1.47-10’  12  m 
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25.61. 


25.62. 


25.63. 


Execute:  <»)/-  — 


1_  » .l.72x  10  * Om>(.8ml  -Q.Q490  and 

K + * 4..  (x4K60xl0  W 


(1.47x10  'n-mW  1.2  m> 


it  .'4X60x10  ‘mf 


0.06211  This  gives  /- 


5.0  V 


!).049f2r  0.062  £2 


45  A. 


The  current  in  the  copper  wire  b 45  A. 

(b)  The  cuncnt  in  the  alvcr  wire  is  45  A*  tlx  same  as  that  in  the  copper  wire  or  else  charge  would  build  up  at  their 
interfere . 


<«*>  =jPm 


0.H  m 
(45  AN 0.062  f2) 


- 2.33  V/m. 


^ 1-2 « 

(el  =■  JRU  = <45  AH0.062 12) * 2.79  V. 

EVALUATE:  For  the  copper  scclion.  Vc 4 = /i^ -4  - 2.2 1 V.  Note  that  Ulu  + k\t  - 5.0  V.  tlx  voltage  applied  across 
the  ends  of  the  composite  wire. 

iDEVnfY:  Conservation  of  charge  requires  that  the  current  be  tbc  same  in  both  sections  of  the  wire. 

E - pJ  - — . For  each  section.  V - JR  - JAR  - —1—1  - £1.  The  voltages  across  each  section  add. 

A \ P h A ) 

SET  Up:  A = . where  D is  the  dianxier. 

EXECUTE:  (a)  The  current  must  be  the  i«inx  in  both  sections  of  the  wire,  so  the  cuncnt  in  the  thin  end  is  2.5  mA. 

lb,  E ... ,l-72-0'n"l'25-'0,Al  -2.14x10  1 V,m. 

' A (j.'4Kl.6xlO  ' ml 

,c>  i.(l  72,10 'nm^l(lfA>-l.S5^  Vta.Ttei,  4£,  . 

.1  (.t /4(|0  SO  . 10  ml 

(d>  + > r'  = (2.14xl0  ' V.'mX 1 .20  m)  + IR.5S  x 10  * V.mXl.XO  m) - l.SOx  10  * V. 

Evaluate:  The  currents  arc  the  same  but  tbc  current  density  is  larger  in  the  thinner  section  and  the  electric  field 
is  larger  there. 

IDENTIFY:  / aJA. 

SET  Up:  From  Kxample  25. 1 , an  1 K-^iugc  wire  has  A - 8. 1 7 x 10  ; cm*. 

Execute:  <a>  / - JA  - (1 .0 X 10'  A’cm;HK- 1 7 x 10  ' cm’ ) = 820  A 
(b,  A - ! ij  = (1000  A >/(l .0x10’  A/cm2)  = 1 .Ox  10  ' cm' . A = xr‘ *o 


r-jAfiz  =sf(1.0xl0  ' cm*  )/.t  - 0.01 7K  cm  and  d - 2r  - 0.36  mm  . 

EVALUATE:  These  wires  can  cam*  very  large  currents. 

(a)  IDENTIFY:  Apply  Fq.  (25. 101  to  calculate  the  resistance  of  each  thin  disk  and  then  integrate  ora  the 


truncated  cone  to  find  the  total  resistance. 

Set  Up: 


Execute:  The  radius  of  a 
truncated  cone  a distance  t 
above  the  bottom  is  given  by 
r*r1+(y/A)(r1-r1)«r1+j/T 
with  f!  = (rt  -rAlh 


Figure  25.63 

Consider  a thin  slice  a distance  r above  the  bottom.  The  slice  has  thickness  d}'  and  radius  r.  Tlx  resistance  of  the 
slice  is 

M M‘  _ pdy 
.T 


(R 


A xr-  K (r*  + £v) 

Tlx  total  resistance  of  the  cone  if  obtained  by  integrating  over  these  thin  slices: 


C uncut*  Rc*iaixKc.  and  l.lcrtrcancxivc  Force  25«15 
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25.68. 


25.69. 


(b)  + gi>\»  p(60°C)  = <9.5x10  ? fl  mXU  (0.00088  (C*)  ‘ )(40  C°)  = 9.83x  10  ’ O m.  so 

A/>  = 3.34xl0  *fi  m. 

(c>  AV  =•  gives  .lAf.  - /I  i/il^AT) . Thenfocc 

A£.-/M,Ar- <18x10'*  (C5)  'MO.  12  mX40  C°)  - 8.64  * 10  4 m- 0.86  mm.  The  cro«  sectional  area  of  the 
mercury  remains  constant  because  the  diameter  of  the  glaw  tube  doesn't  change.  All  of  the  change  in  volume  of  the 
mercury  must  be  accommodated  by  a ctvingc  in  length  of  the  mercury  column. 

pL  /.Aii  fAL 

(d>  /?-i- gives  Art . 

1 A 


\r 


I5.J4xlO  *n  m)O.I2m)  (95x10  * O mH0«6xl0  ‘ ml 


(*/4KO.OOI6  m)’  (x  4*0  0016  m>' 

Kv  aI.I  ATK:  (e)  From  liquation  (25.12). 


- 2.40x10  ’a 


I R .V  1 (0.057 1J>- 2.40x10 1 ti)  , 

-37  t;  ‘j-iur- tmtttti 1 1x10 


This  value  is  25%  greater  than  the  temperature  coefficient  of  resistivity  and  th:  length  increase  rs  important 
IDENTIFY:  Consider  the  potential  changes  around  the  circuit.  Tor  a complete  loop  the  sum  of  the  potential 
changes  is  /en>. 

SET  l.’P:  There  is  a potential  drop  of  JR  when  you  paw  through  a resistor  in  the  direction  of  the  current. 
8.0  V -4.0  V 

Execute:  (a)  / ^ — — — — -0.1 67 a.  r,+s.oo  v-/(o.50f*r8.<oni-i' . so 


- 8.00  V - (0. 167  A>  (8.50  Cl)  - 658  V. 

<b>  The  terminal  soltagc  is  Vu  ^ Vk -Vt . V+  4.00  V + /(0.50  Cl)  ^ V%  and 
Vu  ^ r 4.00  V ♦ (0. 167  A)  (0.500)  = ^ 4.0S  V. 

<c>  Adding  another  battery  at  point  d in  the  opposite  sense  to  the  S.O  V battery  pnxluces  a counterchieksvi.se  current 
10.5  V - 8.0  V + 4.0  V 

w ith  magnitude  / rT^-- 0.257  A . Then  V + 4.00  V - /(0.50  O)  ^ l \ and 

Vu  4.00  V - <0.257  A) (0.50 O)  ^ 3.87  V. 

EVALUATE:  When  current  enters  the  batten*  at  its  negative  terminal,  as  in  part  (c).  the  terminal  voltage  is  less 
than  its  cmf  When  current  enter*  the  battery  at  the  positive  terminal,  as  in  part  lb)*  the  terminal  voltage  is  greater 
than  its  cmf. 

IDENTIFY:  In  each  ease  write  the  terminal  voltage  in  terms  of  2\  /.  and  i*.  Since  / is  known,  this  gives  two 
equations  in  th:  two  unknowns  € and  r. 

Set  UP:  The  battery  with  the  1.50  A current  rs  sketched  in  Figure  25.69a. 


t / - 1.50  A £-(l.50A)r  = 8.4  V 


F’igurc  25.69a 

The  batten*  with  the  3.50  A cuncnt  is  sketched  in  Figure  25.69b. 


t - 


r,  - 9.4  V 
£>(3.5  A|r-9.4  V 


Figure  25.69b 

EXECUTE:  (a)  Solve  the  first  equation  fee  € and  use  that  result  in  th:  second  equation: 

£ = 84  V+(l.50A)r 

8.4  V + (!.S0  A)r-t(3.50  A)r  = 94  V 

(5.00  Air  - 1.0  V ki  r - - 2 -0.2012 

1 ' 5.00  A 


Current.  Res  i sun;  e.  and  Lleetrcanotivc  Force  25«17 


<b)  Then  t = 8.4  V ♦ ( 1 .50  A | r = S.4  V ♦ ( 1 .50  A )( 0.20  ft)  ^ 8.7  V 

EVALUATE:  When  !bc  current  paste*  through  the  cmf  in  the  direction  from  - to  -t,  the  terminal  voltage  is  less 
than  the  cmf  and  when  it  passes  thnugh  from  r to  — , the  terminal  v oltage  is  greater  than  th:  cmf. 

25.70.  IDENTIFY:  V =!R.  P-l‘R. 

Set  Up:  The  total  resistance  is  the  resistance  of  the  person  plus  the  internal  resistanre  of  the  power  supply. 

<b)  P - I'R  -(1.17  A)'<l0xl0'  121  = 1.37.10'  J ^ 13.7  kJ 

(c)  R^  j ^ ^ ^ ^ -14x10*  12.  The  remittance  of  the  power  supply  would  need  to  be 

14.10*  12-10x10*  12  = 14x10*  12  = 14  M12 

E VALLATE:  The  current  through  the  body  in  part  (a)  is  large  enough  to  be  fatal. 

25.71.  Identify:  K-  — v~jr.  p-Tr. 

a 

SET  Up:  The  area  of  the  end  of  a cylinder  of  radnis  r is  .rr* . 

Exkciie:  Mj.O'P-y-y,  c|.0,l0l  n 
.tIO.050  ml' 

<b)l'  = IR  = (100x10''  AKI.0.I01 121  = 100  V 
1c)  /»=/*!?  = (100.10"*  A)*(l.0xl0*  12)  = I0W 

EVAJ.UATE:  The  resistance  between  the  lionds  when  the  skin  is  wet  is  about  a factor  often  less  than  when  the 
skin  i*  dry  | Problem  25.70). 

25.72.  IDENTIFY:  The  cost  of  operating  an  appliance  is  proportional  to  the  amount  of  energy  consunxd.  The  energy 
depends  on  the  power  the  item  ctxisunKs  and  the  length  of  time  for  which  it  is  operated. 

SET  Up:  At  a constant  power,  the  energy  is  equal  to  Pi.  and  the  total  cost  is  the  cost  per  kilowatt-hour  (kWh) 
times  the  time  the  energy  (m  kWh). 

Execute:  <a>  U*c  the  lad  thal  l.O)  kWh  - (1000  JfrM 3600  ')  “ 3-60.  10*  I,  and  one  year  contain* 

3.156«.10:  t . 


1 1>T  a 3.60x  10  J f 


- 578.90 

(b)  At  8 h div.  the  refrigerator  runs  for  1/3  of  a year.  Using  the  same  procedure  as  above  give* 


EvaLLaTE:  Electric  lights  can  be  a substantial  part  of  the  cost  of  electricity  in  the  home  if  they  are  left  on  for 
long  time! 

25.73.  IDENTIFY  : Set  th:  sum  of  the  potential  nscs  and  drops  around  the  circuit  equal  to  zero  and  solve  foe  /. 

SET  Up:  The  circuit  is  sketched  in  figure  25.73. 


L6Y 


■'Uav — cP1, , 


Execute: 
S-/R-V*  0 
£-//?-cf/-/T/J  = 0 
fit*  +iR  + a\! 


Figure  25.73 

The  quadratic  formula  gives  / - (l/2>9  )£-(  j 

/ must  be  positive,  so  take  the  ♦ sign 

/ =-2.692  A + 4.1 16  A *1.42  A 

EVALUATE:  For  this  / the  voltage  across  the  thermistor  « 8.0  V.  The  voltage  acre**  th:  resistor  must  then  he 
12.6  V -8.0  V - 4.6  V.  and  this  agrees  with  Ohm  s law  for  the  resistor. 
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25.74. 


25.75. 


25.76. 


la  I IDENTIFY:  The  rale  of  heating  (power)  in  the  coble  depend*  on  the  potential  dittcretxc  across  the  cable  and 
the  resistance  of  the  cable. 

SET  IP:  The  power  is  P - t*iR  and  the  resistance  it  R - pUA.  The  diameter  D of  the  cable  is  twice  its  radius. 


AV*  wr'Y* 


R [pUA)  pi  pi 
ends  divided  by  the  length  of  the  cable:  E - V/L 
Execute:  Solving  for  /•  arxf  using  the  resistivity  of  copper  gives 

P^T  |(50.0  W)(l.72xl0*  n m)(!500m) 

H r 


The  electric  field  in  tbe  cable  is  cquil  to  the  potential  difference  across  its 


- 921  x 10  m D - 2r  - 0.184  mm 


r(220.0  V)* 

(b)  Set  Up:  /:-  V/L 

Execute:  E - (220  VXI500  mi  - 0.147  V/m 

Ev  All  ATE:  This  would  be  an  extremely  thin  (aixl  hence  fragile)  cable. 

IDENTIFY:  The  ammeter  acts  as  a resistance  in  the  circuit  loop.  Set  the  sum  of  the  potcntul  rises  and  drops 
around  the  circuit  equal  to  zero. 

(a)  SET  IP:  The  circuit  with  the  ammeter  is  sketched  in  Figure  25.75a. 

Execute: 

£ 


r'  R + R, 


Figure  25.75a 

SET  IP:  The  circuit  with  the  ammeter  removed  is  sketched  in  Figure  25.75b. 


i Vs/V 


Execute: 

£ 


l- 


t r 


Figure  25.75b 

C ombining  the  two  equations  gives 

lb)  Want  /.  - 0.990/.  Use  this  in  the  result  for  part  (a). 


/ - 0.99:/ ‘ l-f— L. 

r-tR 


9.010  >0. 


K. 

rt  R 

R,  = (r  ♦ )(0.0l0/0.990)  = ( 0.45  11  *■  3.80  0)(0.01 0/ 0.990) * 0.0429 11 

£ £ 


(c»  - 


r -t  R rt Rt R 


, rt  R*R,-r- R 


S*. 


{r+R)fr+R  + R,))  {rtR){rtRtR,) 

EVALUATE:  The  difference  between /and  lt  increases  as  Rt  increases  If  Rt  is  Larger  than  the  value 
calcuhtcd  in  part  <b)  then  / g ditTers  from  / by  more  than  1.0%. 

IDENTIFY':  Since  the  resistivity  is  a function  of  the  position  along  the  length  of  the  cylinder,  wc  must  integrate  to 
find  the  resistance. 

(a)  SET  Up:  The  resistance  of  a cross-section  of  thickness  dx  is  JR  - pdx/A. 

Execute:  Using  the  given  function  for  the  resistivity  and  integrating  gives 

uLtUin 

7r 


_ f pdx  aLtbl 

77 


Current,  Resisunre.  and  F.lcctrcanotivc  Force  25*19 


25.77. 


25.78. 


25.79. 


Now  get  the  constants  »r  and  h:  pi  0)  - a - 2.25  x 10  * 12  m and 
p(L)  - j *•  bL:  give*  8.5fl  x 10  ' 12  m - 2.25  x 10  * 12  m • *1.50  m f 
which  give*  b - 2.78  x 10’  Si  m Now  uie  the  above  result  to  lirxl  K 
(2.25-10  • !2m|(l.50  m)-t(2. 78x10  ' SJ/mWl50m)*/3 
*(0.01 10  mi' 

(b>  IDENTITY:  Use  the  definition  of  resistivity  to  find  the  electric  held  at  the  midpoint  of  the  cylinder,  where  x - 
IfL 

SKT  Up:  E - /*/.  Evaluitc  the  resistivity.  using  the  in ven  formula,  for  v - U2. 



t*  zr 


EXECITE:  At  the  midpoint.  x - L>2,  giving  E 


(2.25x10  1 H nn-(2.78x!0  * Cl: m )(0.750  mf  1(1.75  At 
>:  - i J i 1.76  x 10 4 

a A til  v* 


V' m 


eiO.Ol  lu  mi 


(c)  IDENTIFY:  for  th:  first  segment,  the  result  is  the  some  as  in  part  ia)  except  that  the  upper  limit  of  the  integral 
\%U2  instead  of  I. 


SET  Up:  Integrating  using  the  upper  limit  of  U2  gives  R 
EXECUTE:  Substituting  the  numbers  gives 


R\  - 


(2.25x10  * H m |(0.750  ml  * <2.78x10  * n/mV3((l .50  m)* /8 ) 


7(00110  mi 


- 5.47x10  f2 


Tlie  resistance  /?:  of  the  second  half  is  equal  to  the  total  resistance  minus  th:  resistance  of  the  first  half. 

R:-K  ff,  - 1.71  x 10  * 12 -5.47*10'’ 12-  1.16 x 10*  12 

EVALUATE:  The  second  half  Iias  a greater  resistance  than  the  first  halfhccau.sc  the  resistance  increases  with 
distance  along  the  cylinder. 

IDENTIFY:  The  power  supplied  to  the  house  is  P - VI.  The  rate  at  which  clcctncal  energy  is  dissipited  in  tlie 

wires  is  JR,  where  li  - J-^—. 

A 

SET  Up:  For  copper.  /?  = 1.72x10’*  Cl  • m 

EXECUTE:  (a)  The  line  voltage,  current  to  be  drawn,  and  w ire  diameter  are  what  must  h:  considered  in 
household  wiring. 

r 4200  w 

(b)  P - 17  give*  / - — — — — — - 35  A.  so  th:  8 -gauge  wire  is  necessary,  since  it  can  cany  up  to  40  A. 

,«>  ,./■«.£*_  |J5  A|i  11  • 10  ‘ » „06  W. 

A (jt/4)  (0.00326  m>* 

t tr,  in  llPL  (35  A)1  (1.72  x 10”*  Clm)  (42m)  r _ _ , 

(ell  It  6-gauue  wire  is  used.  P — 66  W . The  decrease  in  cncrgv 

A ( */4»  (0.001 12  m>* 

consumption  is  A E-  A Pt  - (40  \V)(36S  da>%  >r)<!2  h day  I - 1 75  kWh.Vr  and  the  savings  is 
(1 75  kWh  >t > (SO.  1 1/kWh  > - S 1 9.25  per  >ear. 

EVALUATE:  The  cost  of  the  4200  W used  by  the  appliances  is  $2020.  Th:  savings  is  about  1%. 

Identify:  /u  ^jui+air-rn.  tf-  — . P-VI. 


SET  Up:  When  the  temperature  increases  the  resistance  increases  and  the  current  decreases. 

Execute:  <■)  IL=i-<i«r[r-i;i>.  /, -/,(U«|r-r,D- 

If  * a 

T-T.^kLL.  i2l7  C.  r-201C»2!7'C-2J76C 

' «/,.  (1.23  AH4.5xl0 '(C) ') 

(b)(1)  P - W - (120  VM1 .35  A)  - 162  W (ii)  P - (120  V))l.23  A)  = I4S  W 

EVALUATE:  P -V*  t R shows  that  tlie  power  dissipated  decreases  when  the  resistance  increases. 

(a)  IDENTIFY:  Set  the  sum  of  the  potential  rises  and  drops  around  the  circuit  equal  to  zero  and  solve  for  the 
resulting  equation  for  the  current  /.  Apply  Uq.  (25.17)  to  each  circuit  element  to  find  the  power  associated  with  it. 
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25.80. 


25.81. 


SET  IP:  The  circuit  is  sketched  in  Figure  25.79. 

r, -12x1V  *tm\aa 

I 


tea on 


f\-aov 


WV^ 

r,-  oa 


Execute: 

$-$-*{*  + '1  + *)*  ® 
i.JiifL 

I,  + Tj  ♦ /? 

12.0  V- 8.0  V 
~ i.on~i.oo+s.oi2 
/ - 0.40  A 


Figure  25.79 

lb)  P^I'R*  l\  + /Va  a /*{/?  + r,  + r2 ) = (0.40  A)2  (8.0  0 + 1.00  + 1.00) 

Pa  1.6  W 

(cl  Chemical  energy  is  converted  to  electrical  energy  in  a battery  when  the  current  goes  through  th:  battery  From 
the  negative  to  the  positive  terminal,  so  the  electrical  energy  of  the  charges  irxrcascs  as  the  current  passes  through. 
This  hapfvns  in  the  12.0  V battery,  and  the  rate  of  production  of  electrical  energy  rs 
P = 2*,/  = (1 2.0  V )(0.40  A)  a 4.8  NV. 

(dl  Electrical  energy  is  converted  to  chrrmcal  energy  in  a battery  when  the  current  goes  through  the  batten'  from 
the  positive  to  the  negative  terminal,  so  the  electrical  energy  of  the  charges  decreases  as  the  current  passes  through 
This  happens  in  the  8.0  V battery,  and  th:  rate  of  consumption  of  electrical  energy  is 
P = £3J  - (80  V )(0.40  V ) a 3.2  W. 

(cl  EVALUATE:  Total  rate  of  production  of  electrical  energy  - 4.8  NV.  Total  rate  of  consumpticoi  of  electrical 
energy  - 1 .6  W + 3.2  W - 4.8  W.  which  emails  the  rate  of  production,  as  it  must 

iDDniFY:  Apply  R - fee  e»:h  material.  The  total  resistance  is  tlie  sum  of  the  resistances  of  the  rod  and  the 
A 

wire.  The  rate  at  which  energy  is  dissipated  is  J'R. 

SlT  IP:  For  steel,  p-  2.0x10  Ci  m . For  copper,  p - 1.72x10  ' d m. 


EXECUTE: 


IB:  C)  - ,.57x10  ' n and 

A (;r*'4)(O.OI8m|* 


(<t,'4)  (0.018  m) 

£iJl.-2.10-n-)(35B>jO|,2n  ThU 
A (*,*4)<O.OOSmF 
F = /(/?-h4  + /^J  = <150WAKI.57x  10  ln  + 0.012 n)-204V. 

(b)  E - Pt  ^ PRi  - ( 1 5000  A)*(0.0 1 56 12)  (65  x 10  * s)  ^ 1 99  J. 

EVALUATE:  PR  is  large  but  t is  very  small,  so  the  ewrgy  deposited  is  small.  The  wire  and  rod  each  have  a 

mass  of  about  1 kg.  so  their  temperature  rise  due  to  the  deposited  energy  w ill  be  small. 

IDEVIIFY  and  SET  UR  The  terminal  voltage  is  V+  = £ - Ir  = JR . where  R is  the  resistance  connected  to  the 
battery.  During  the  charging  the  terminal  voltage  is  V+  -£+  Jr . P -17  and  energy  is  E - Pt . I *r  is  the  rate 
it  which  energy  is  dissipated  in  the  internal  resistance  of  the  battery. 

Execute:  <*>  F*  - £ + Jr  » 12.0  v + (10.0  A)  (0.240)- 14.4  v 

(b)  E - Pt  - m =(10  A ><14.4  V)  (5)  (3600  s)  = 2.59  x 10*  J. 

(c)  £1*  = /^  = i2rf  ^ (10  A)‘  (0.24  Cl)  (5)  (3600  x)  = 4.32  x I O'  J 

S n £-lr  12.0V  - <10  AH0.24O) 


(d>  Discharged  at  10  A:  / 


9611 


r + X J 10  A 

(e)  E - Pi  - IVt  - (10  A)  (9.6  V) (5)  (5600s)  ^ 1 .75  x 10*  J. 

(f>  Since  the  current  through  the  internal  resistance  is  the  same  as  before,  th^c  is  th:  same  energy  dissipated  as  in 
1C*  /T._  = 4.J2»I0‘J. 

(g)  Part  of  the  energy  originally  supplxd  was  stored  in  the  battery  and  part  was  lost  in  the  internal  resistance.  So 
the  stared  enrrgy  was  less  than  what  was  supplied  during  chuging.  Then  when  discharging,  even  more  energy  is 
lost  in  the  internal  resistance,  and  ceilv  what  is  left  is  dissipated  by  the  external  resistor. 


C'ufTcst.  Resisurcc.  and  klcctrcvnotivc  Force  25*21 


25.82. 


25.83. 


25.84. 


25.85. 


IDENTIFY  and  SET  UR  The  terminal  voltage  ix  VM.  - £-Ir  - JR.  where  R is  the  resistance  connected  to  the 
battery.  During  the  charging  the  terminal  voltage  is  \\s  - £ + Jr.  P - VI  and  energy  is  E - Pi . Jlr  is  the  rate  at 
winch  energy  ix  dissipated  xn  the  internal  resistance  of  the  batten*. 

Execute:  (a)  r*  = £ + lr  ^ 12.0  V ♦ ( 30  A)  (0.24  O)  - 19.2  V. 

(b>  £ - A - IVt  ^ (30  A)  (19.2  V)  (1 .7)  (3600  x)  = 3.53  x 1 0*  J. 

(c»  £>k_  - P^J  - I'ftl  - (30  A>;  (0.24  111  (1 .7)  (3600»  l - 1.32  * 10’  I. 

(d>  Discharged  at  30  A:  give  12  " V ""  A||0:J“' -O.Uin. 

r-tR  I 30  A 


(t»  E - Pi  - I'Ri  -(30  A)1  (0.160)  (1.7)  (3600  »)-S.81x  10  J. 

(f>  Since  tlur  current  through  the  internal  resistance  ix  the  same  ax  before,  tlxrrc  ix  th:  same  energy  dissipated  ax  in 
(ck  £4*4  =1-32x10*  J. 

(g)  Again,  part  of  the  energy  ongmally  supplied  wax  stored  xn  the  battery  and  part  was  lost  in  the  internal 
resistance.  So  the  sieved  energy  was  less  than  what  wax  supplied  during  charging.  Then  when  discharging,  even 
more  energy  is  lost  in  the  internal  resistance,  and  what  is  left  is  dissipated  oxer  the  external  resistor.  This  time,  at ; 
higher  current,  much  more  energy  is  lost  in  the  internal  resistance.  Slow  charging  and  discharging  is  more  energy 
efficient. 

IDENTIFY  and  SET  UP;  Follow  the  steps  specified  in  the  problem. 

Execute:  - [y|£  gives  — y- 

(b)  If  the  electric  field  is  constant.  f 'K  - EL  and 

(cl  The  free  charges  arc  “left  behind”  so  the  left  end  of  the  rod  ix  negatively  charged,  w hile  the  right  end  is 
positively  charged.  Thus  the  right  end.  point  c\  is  at  the  higher  potential. 


(dl  a — 


11.0x10  1 V)(l.6x  10  "Ci 


"" 


0.5x1  tf  ms*. 


ml  (9.11x10  kg)  (0.50  m) 

Evaluate:  (el  Performing  the  experiment  in  a rotadoral  way  enables  one  to  keep  the  experimental  apparatus  in 
a Iccali/ed  area  whereas  an  acceleration  like  that  obtained  in  (d).  if  linear,  wixild  quickly  have  the  apparatus 
moving  at  high  speeds  and  large  distances.  Also,  the  rotating  spool  of  thin  wire  can  have  many  turns  of  wire  and 
the  total  potential  ix  the  sum  of  the  potentials  in  each  turn,  the  potential  in  each  turn  times  the  number  of  turns. 
Identify:  = 0 


Set  Up:  With  T - 293  K . 39.6  V \ 

XT 

EXECUTE:  (a)  £ - JR -tV  gives  2.00  V = /<  1.00)  + *' . Dropping  units  and  using  the  expression  given  in  the 
problem  for  /.  this  bcconxs  2.00  - JJcxpieV JkT)  - l)-f  V. 

<b)  For  sl.SOxlO*1  A and  T^293K.  1333-  exp  (39.6  T)  - I +6671'.  Trial  and  error  show*  that  the  right-hand 
side  Irhs)  above,  for  specific  rvalues,  equals  1333  V when  V - 0.179  V.  The  current  then  is 
just  / ^/Jcxp39.6r>-  l)-(l.Sx  10  ‘ A)(exp|39.6)(0. 179])-  1||-  l.SOA. 

EVALUATE:  The  voltage  across  the  resistor  R is  1 SO  V.  The  diode  does  not  obey  Ohm's  law. 
pL 

IDENTIFY:  Apply  It to  find  th:  resistance  of  a thin  slice  of  the  rod  and  integrate  to  find  the  total  R 

A 

V - JR  Also  find  £(*),  the  resistance  of  a length  x of  the  rod. 

SETUP:  Eix)-p{x)J 

Execute:  -AS „ 


A A 

fti  r -..-r  -/nt*  . 


R = -f  J «P I”  xlL\ <**  - “T I” 1 «Fl-*/£] £ s - * ' > 

A . A A 

rather  than  /.  in  the  Integration.  £(.i)  = — — ( I -e ''  ' ) . 


rJi ^ 

R !-*•  1 


With  an  upper  limit  of < 


A £(!-.- 


<l»  £(.«)  ^ pi.x)J  - 
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Chapter  25 


» '■  - ••  - • ' '■'•T?? 

(d)  Graphs  of  resistiv  ity,  electric  field  and  potential  from  v - 0 to  L arc  given  in  Figure  25.R5.  Each  quantity  is 
given  in  terms  of  the  indicated  unit. 

EVALUATE:  The  current  is  th:  same  at  all  points  in  th:  rod.  Where  the  resistivity  is  larger  the  electric  field  must 
be  larger.  xn  order  to  rvodoce  the  same  current  density. 


Rcsistlviy  <»«■ 
<A») 


>20  0.40  060  040  1 .00 

*<l) 


FJcVlrv  ficU 


9XX>  0.20  0.40  Q6(l  0.10  I.IXI 

JiL) 


FVtcrul 


0.00  U20  0.4<I  0X0  0.00  1X0 

ML) 

Figure  25215 

25.86.  IDENTIFY:  The  power  output  of  the  source  is  17  - {£  - /r)J. 

SET  UP:  The  short-circuit  current  is  / . . - Sfr. 

EXFXUTE:  (a)  P -£l  - /*>  % so  - £ - 21/  - 0 foe  maximum  power  output  and  /,.  - 1 

<ht  For  the  maximum  power  output  of  part  (a).  / . r + R -2r  and  R - r. 

r ♦ >?  2 r 

/ r 

Then.  /»  = /•£-—'  /*  = — 

UrJ  ^ 

EVALUATE:  When  R is  smaller  tlian  r,  / is  large  and  the  / r losses  in  the  buttery  arc  large.  When  R rs  larger  than 
r,  / is  small  and  the  power  output  £1  of  the  battery  cmf  is  small. 

25.87.  IDENTIFY:  l.*se  a - -n  ‘ T in  a - — lii-  to  get  a separable  differential  equation  that  can  he  integrated. 

p dT 

SETUP:  For  carbon,  p^  3.5*10  ''  Dm  and  <r=-Sx  I0"4  (K1  \ 

Execute:  0i>  « = lj  *£)  = --=>  — =— =>  In  <r  * l - Im^i  => /» - — . 

p\dT)  T T p r 

<b>  ■«-ar=-(-SxlO",(IC|'*>(293K)“O.IS. 

p*—=,a  = pV  - (3.S  x 10  1 Si  ml  (293  K(*“  - SO  .I0'DbiK‘". 


(cl  r - - I96°C  - 77  K : o- 


177  Kl’ 


.3x10  'O-m. 


r - - 30(X’C  - 573  K V0  ~ 10 3.2x10  'n  -m. 

(573  K) 

EVALUATE:  a is  negative  and  decreases  as  T decreases,  so  p changes  more  rapidly  with  temperature  at  lower 

temperatures. 
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IDENTIFY:  The  newly- farmed  win:  is  a combination  of  series  and  parallel  resistors. 

SET  Up:  Each  of  the  three  limar  segments  has  resistance  JF3.  The  circle  is  two  Rt 6 resistors  in  parallel. 
EXECUTE:  The  resistance  of  the  circle  is  Rt\2  since  it  consists  of  two  R: 6 resistors  in  parallel.  The  equivalent 
resistance  is  two  Ri 3 resistors  in  scries  with  an  R: 6 resistor,  giv  ing  /?fcrt.  — R>  3 ♦ /?•  3 ♦ Rt  12  - 3/?.4. 

EVALUATE:  The  equivalent  resistance  of  the  original  wire  has  been  reduced  because  the  circle's  resistance  is  less 
than  it  was  as  a linear  wire. 

IDENTIFY:  It  nay  appear  that  the  meter  measures  A*  directly.  Hut  note  that  X is  in  parallel  with  three  other 
rcsistws.  so  the  meter  measures  the  equivalent  parallel  resistance  between  ah. 

SET  UP:  We  use  the  formula  for  resistor*  in  parallel. 

Execute:  1/12.00 n)-  VX+  i/(I5.o*i>*  l.'<5.o*i)+  Kdo.oQ). *oT-7.5fl. 

EVALUATE:  X is  greater  than  the  equiv  alent  parallel  resistanre  of  2.00  fl 
(a)  IDENTIFY:  Suppose  we  have  two  resistors  in  parallel,  with  Rx  < R: . 

SET  UP:  The  equivalent  resistance  is  — — t-  — 

% Ri 

EXECUTE:  It  is  always  true  that  — ♦ — > J_  . Therefore  — > — and  R < /?  . 

R R:  Rx  R 

EV  ALUATE:  The  equivalent  resistance  is  always  less  than  that  of  the  smallest  resistor. 

(b>  IDENTIFY:  Suppose  we  have  jV  resistors  in  parallel,  with  Ri  < R3  <— <R> . 

SET  UP:  The  equivalent  resistance  is  - _L  - _L  4 ---4  _!_ 

*,  *,  « fls 

Execute:  ll  l» always Iruc  that  ™ * . — > — . Therefore  — > — and R <R  . 

K *,  *,  K *,  *, 

EVALUATE:  The  equivalent  resistance  is  always  less  than  that  of  the  smallest  resistor. 

IDENTIFY:  For  resistors  in  parallel  the  voltages  arc  the  same  anJ  equal  to  the  voltage  across  the  equivalent 
resistance. 

Set  Up:  V = IR . — . 


Execute:  <*)  R 


, V 240  V 

|b>  / 

R 12.3  a 


12  a 20  a 


19.5  A. 


2.3a 


(C>  /uo  — 1 7.5  A;  ;2to  = - - lilL  12  A. 

R 32 « R 20  ft 

EVALUATE:  Marc  current  flows  through  tlie  resisted  that  has  the  smillcr  R 

IDENTIFY:  The  equivalent  resistance  will  vary’  for  the  different  connections  because  the  senes- parallel 
combinations  vary,  and  hence  the  current  will  vary. 

SET  Up:  First  calculate  the  equivalent  resistance  using  the  series-parallel  formulas,  then  use  Ohm's  law*  {V  - R[ I 
to  find  the  current. 

Execute:  (a)  1.7?-  1/05.0*1)  4 1,(300  Hi  gives/?-  10.0  ft.  / - ViR  - <35.0  VyjlO.OH)  - 3.50  A. 
lb)  VR-  Hio.on)  ♦ IV<35.0  *1)  gives  R - 7.78  *}.  / - (350  V)  (7.7H  *i)  - 4.50  A 
(cl  I R - I/Y20.0  Cl)  ♦ I ’<25.0  *1)  gives  R - 1 1 . 1 1 *L  so  / - f 35.0  W<  11.11  *11-3.15  A 


26-1 
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26.6. 


26.7. 


26.8. 


(d)  From  part  (b),  the  resistance  of  the  triangle  alone  is  7.7K  12.  Adding  the  3.00*12  internal  resistance  of  the  batten1 
give*  an  equivalent  resistance  fi>r  the  circuit  of  10.78  12  Therefore  the  current  x*  / - (35.0  V)'(  10.78  12)  - 3.25  A 
EVALUATE:  It  make*  a big  difference  how  the  tnangle  r*  connected  to  tlie  batten*. 

IDEVTIFY:  The  potential  drop  is  the  same  across  the  rcsistccs  in  parallel,  ami  the  eurrent  into  the  parallel 
combination  is  the  same  as  the  current  through  the  45.012  resistor. 

( a)  SET  HP:  Apply  Ohm's  law  in  the  parallel  branch  to  find  the  current  through  the  45.0*12  resistor.  Then  apply 
Ohm**  law  to  the  45.0*12  resistor  to  find  the  potential  drop  across  it. 

EXECUTE:  The  potential  drop  across  the  25.012  resistor  is  V - (25.0 12K I 25  A)  — 31 25  V.  The  potential  drop 
across  each  of  the  parallel  branches  i*  31.25  V.  For  the  15.0*12  resrstor:  /„  - <31.25  VW5.0 12)  - 2.083  A.  Th: 
resistance  of  the  10.0*12  ♦ 15.0  12  combination  is  25.0  12.  so  the  eurrent  through  it  mu*t  be  the  sam:  a*  the  eurrent 
through  the  upper  25.0 12  resistor.  /io*u  - 1.25  A.  T2>c  aim  of  currents  in  the  pirallcl  branch  will  K:  th:  current 
through  the  45.0*12  resistor. 

J1iAd  - 1.25  A * 1083  A ♦ 1.25  A - 4.5S  A 
Apply  Ohm's  law  to  the  45.0  12  resistor:  V « - (4.58  AM45.0 12)  - 206  V 

(b)  SET  UP:  First  find  the  equivalent  resistance  of  the  circuit  and  then  apply  Ohm’s  law  to  it. 

Execute:  The  resistance  oflbc  parallel  branch  is  \:R  - 1(25.012)  1/(15.012)  ♦ 1 .<25.0 12),  » - 6.82 12. 

The  equivalent  resistance  of  the  circuit  is  6.82 12  ♦ 45.0  12  ♦ 35.00  12  - 86.82  12.  Ohm's  law  gives  F^- 
(8662 12X4.58  A) -398  V. 

EVALUATE:  The  emf  of  the  battery  is  the  sum  of  the  potential  drops  across  each  of  the  three  segments  (parallel 
branch  and  two  series  resistors!. 

IDENTIFY:  First  do  as  much  scries-pirallcl  reduction  as  possible. 

SET  Up:  The  45.0*12  and  1 5.012  resistors  arc  in  [arullcl.  so  first  reduce  them  to  a single  equivalent  resistance. 
Then  find  the  equiv  alent  series  resistance  of  the  circuit. 

EXECUTE:  l//?p  - I .(450 Q)  • Iff 1 5.0 12»  and  /<p  - 1 1 .25  12.  The  total  equivalent  resistance  is 
18.0  12  1 1.25  12  3.26 12  - 32.5  11  Ohm’s  law  gives  /-  (25.0  V)<32.5  12)  - 0.769  A 

EVALUATE:  The  circuit  appears  complicated  until  we  realize  that  the  45.0*12  and  1 5.0*12  rrsiaors  are  in  parallel. 
IDF.NT1FY:  Eiq.(26.2)  gives  the  equivalent  resistance  of  the  three  resiaors  in  parallel.  For  resistors  in  pirallel.  the 
voltages  are  the  sime  and  the  currents  add. 


(a)  Setup: 


The  circuit  is  sketched  in  Figure  26. 8x 
£ ■ 25.0  V 


Execute:  parallel 


> s 

> > 

I+-U-L 


K Rt  R,  R 


R^  1.6012 
R -0.800  £2 


2.40  12  4.80 12 


Figure  26.8a 

(b)  For  resistors  in  parallel  the  voltage  is  the  some  across 

K = i; 

V - IR 


h and  equal  to  the  applied  voltage: 


r =£t28.0  V 


’ R . 2.40  a 


28.0  V 
1 6012 

11.7  A 


- 17.5  A 


*-■!!»  “il-M  A 

Rk  4.8 12 


(c)  The  currents  through  the  resistors  add  to  give  the  euirent  through  the  lottery: 

/ =/,  + /a  +f,  =17.5  A + 11.7  A + 5.8  A = 35.0  A 

EVALUATE:  Alternatively,  we  can  use  the  equivalent  resistance  R » shown  in  Figure  26. 


£ 2t.l)  V 


Figure  26.8b 


0 

35.0A 

r o.soon 


which  checks 


<d!  As  shown  in  part  ibk  tbc  voltage  acro«  each  resistor  is  28.0  V*. 

<e>  IDENTIFY  and  SET  Up:  We  can  use  any  of  the  three  expressions  far  F P - VS  - S*R  - Vs  / R.  They  will  all 
give  the  sime  results,  if  we  keep  enough  significant  figures  in  intermediate  calculations 
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26.9. 


26.10. 


26.11. 


EXECUTE:  Using  P = V3  /R.  P - V3fR 


490  \\\  P = v; : R,  - 1 "A  1 X 1 327  W.  and 

* - ' 2.40  n 


V.  This  is  the  umc  as  the  power 


( 28.0  V )* 

i.6o  n 

1,1  4.H0  n 

Evaluate:  The  tottl  power  dissipated  is  P^-P^Py+Pt- 
P„  - PI  - ( 2.80  V )( 35.0  A ) - 980  W delivered  by  the  battery. 

If  1 P- y2 > R.  The  resistors  in  [urjllcl  each  have  the  same  voltage,  so  the  power  P is  largest  for  the  one  with  the 
least  resistance. 

iDEVnn:  For  a series  nctwxsrk.  the  current  is  the  same  in  each  resistor  and  the  sum  of  voltages  fee  c>:h  resistor 
equals  the  batten*  voltage.  The  equivalent  resistance  is  R^  - ft  + R.+  Rk . P = PR  . 

SET  UP:  Let  Ri  = 1 .60  12 . R.  = 2.40  12 . Rt  = 4.80  12 . 

Execute:  (»)  ^-i.60dt 2.40 12 * 4.80 n - ».ko n 

2!i£l,3..8A 
r 8.«o  a 


|c>  / = 3.18  A . the  san>;  as  fee  c»:h  resistor. 

(d>  \\  ^//?,=(3.IS  AX  1.60 12)  = 5.09  V.  V2  - iR,  = <3.18  AX2.40 12)  = 7.63  V . 
yt  = 1RX  =<3.18  A84.80  Cl)  = 15.3  V . Note  that  Vx  + Y\  + \\  = 28.0  V . 

(•)  P,  - I’R,  - (3.IK  A)J(1 .60  12)  - 16.2  W . P,  * /%  - (3.1K  A);)2.4I>  12)  - 24.3  W . 

P,  - /’/?,  - (3. 1 » AIJ(4.S0  12)  - 4X.5  W • 

(f  > Since  P=/!R  and  the  current  is  the  same  for  each  resistor,  the  resistor  with  the  greatest  R dissipates  the 
greatest  power. 

EVALUATE:  When  resrstws  are  connected  in  parallel,  the  resisted  with  th:  .smallest  R dissipates  th:  greatest  power, 
(a)  IlENTO’V:  The  eurrcnt.  and  hence  the  power,  depends  on  the  potential  ditTerencc  across  the  resistor. 

SET  I'P:  P-V'tR 

EXECUTE:  (a)  V - JPR  - ^5.0  WHI  5.000  !i|  - 274  V 
lb)  P~V‘tR -(120  V)1  '(9.000  ti) - 1.6  W 

SET  Up:  (c)  If  the  larger  resistor  generates  2.00  W.  the  smiller  one  will  generate  less  and  hence  will  he  safe. 
Therefore  the  miximum  power  in  the  larger  resistor  must  be  2.00  W.  Use  P = /‘ R to  find  the  maximum  current 
through  the  scries  combination  and  use  Ohm’s  law  to  find  the  potential  datTerencc  across  the  combination 
Execute:  P-I'R  givw  / - PR  -12.00  W)i'<  1 5011) -0.0 1 33  A.  The  umc  curTcnl  (lows  through  both 
rc*i*tar«.  and  their  equivalent  resistance  is  250 12.  Ohm  s law  gives  V-IR  - (0.0133  A)(250 12)  - 3.33  V. 
Therefore  /•,»-  2.00  W and  /*,„  ^ l:R  - (0.0133  A)’(ICK)  12)  - 0.0177  W. 

EVALUATE:  If  the  resistors  in  a scries  combination  all  hive  the  some  power  rating,  it  is  the  lar%v. sf  resistance  thal 
limits  the  amount  of  current. 

iDEYnFY:  For  resistors  m parallel,  the  voltages  arc  the  some  and  the  currents  add. + — so  R . — 

/?,  R,  " *+* 

For  resistors  in  series,  the  currents  arc  the  some  and  the  voltages  add.  R^  - Rt  * R. . 

SET  Up:  The  rules  for  combining  resistors  in  scries  and  parallel  lead  to  the  sequences  of  equivalent  circuits 
shown  in  Figure  26.1 1. 

60  0 V 

Execute:  R^  - S.OO  Cl . In  Figure  26.  lie.  / - ^ - 12.0  A . This  is  the  current  through  each  of  the 

resistors  in  Figure  26.1  lb.  = /«;  = (12.0  A K 2.00  Cl)  = 24.0  V . Vu  - !RU  = <12.0  AX3.00  Cl)  = 36.0  V . Note 
that  VQ  + Vu  = 60.0  V . \\ % is  the  voltage  across  R and  across  R;  s so  /,  - lii  - - 8.CXI  A and 


/ . - — - ^ - 4.00  A . VH  is  the  voltacc  across  R,  and  >.*ross  R. . so  / - — - ^ ‘ ^ 

* R.  6.00  ft  14  ‘ 1 R,  12.0  fi 

,._!k_2^I,9.00A. 

R.  4.0012 


3.W  A and 


264 


Kv  All  atk:  Note  I Kit  /,  + /*  u /,  -*  /< 

l.tf 


*:  *1  *V|  ** 

<«)  00  (c) 

Figure  26.1 1 

26.12.  IDENTITY:  Replace  tbc  «rxs  combinations  of  resistors  by  their  equivalents.  In  the  resulting  parallel  network  the 
battery  voltage  is  tK:  voltage  across  each  resistor. 

SET  Up:  The  circuit  is  sketched  in  Figure  26. 12a. 
t - AMS 


= 1.0211  *2 


EXECUTE:  R and  Ri  in  series  have  on  equivalent 

resistance  of  = Rt  -t  R:  - 4.00  ft 
R.  and  R4  in  series  have  an  equivalent  resistance  of 
Rh  = Ri  + JLs  12.0  ft 


#>-7.0011  - 5.0011 

Figure  26.12a 

Tlie  circuit  is  equivalent  to  the  circuit  sketched  in  Figure  26.12b. 


: 4M0  v Rti  and  Ru  in  parallel  arc  equivalent  to 

' R_  B>vcnby 

,i  «I2  10)1!  "i 

* u aa. 

_ 'K  r-~r~7r~ 

ft  _(4!oxn)(,2."n)cinno 
if  — 120(2  **  4 <)o  n+  no  n 

Figure  26.12b 

The  voltage  a^oss  each  branch  of  the  parallel  combination  is  £%  m 2*-  /,%#,»  - 0. 

, £ 48.0  V t ^ A k 

/.*- — 1 2.0  A 

Hi  4.00  ft 

£ - JhRA  - 0 so  />.  - — — — -i  4.0  A 

• R„  120  0 

The  current  is  12.0  A through  the  1.00  ft  are!  3.00 12  resistors,  and  it  is  4.0  A through  the  7.00 12  and  SXX)  ft  resistor*. 
EVALUATE:  The  current  through  the  battery  is  / = + /,«  - 12.0  A + 40  A = 16.0  A,  and  this  is  equal  to 

£f  R^  - 48.0  V/3.00  ft  - 16.0  A. 

26.13.  IDENTIFY:  In  both  circuits,  with  and  without  RA.  replace  series  and  parallel  combinations  of  resistors  by  their 
equivalents.  Calculate  tbc  currents  and  voltages  in  the  equivalent  circuit  and  infer  front  this  the  currents  and 
voltages  in  the  original  circuit.  Use  P - I' R to  calculate  the  power  dissipated  in  each  bulb. 

<a)  SET  Uf:  The  circuit  h sketched  in  Figure  26. 1 3a. 

WvV  K—  l EXFXIIE:  ft..  ft.,  jnd  ft,  ve  in 

< Kx  ^ parallel,  so  their  equivalent  rcustancc 

c -T  1111 


12011 


ft.,  i* given  by  — 


3 

4.50  ft 


Figure  26.13a 

avAR  -1.50ft 
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r 

9.00  V 

/ 1 .50  A and  / -1.50  A 

450  ft  ^ I .50  (2 

Then  K = / -(1.50  A )(4.50  ft | = 6.75  V 

s 1.50  A.  K,s/^=(l-50A)(l50n|=125  V 

For  resistors  in  parallel  the  voltages  are  equal  and  arc  the  same  as  the  voltage  across  the  equivalent  resistor,  so 
Vx  = V,  = V4  = 2.25  V. 

/ . ^ ^ - "5  V - 0.500  A,  / - — - 0.500  A.  - 0.500  A 
‘ *2  4.50  ft  K;  /?« 

Evaluate:  Note  that  /.  + a ■*  /,  - 1 .50  A.  which  is  /^.  For  resistors  in  parallel  the  currents  add  and  their  sum 
is  the  current  through  the  equivalent  resistor. 

<b)  Set  Uk  P-I'K 

Execute:  P{  =(1_S0  A)'(4.S0  il)  = 10.1  W 

P.-P.-P,-  (0.500  A)'(450  ilj  = 1.125  W.  witch  round),  lo  1.12  W.  tf,  glow*  bnghtcit. 

Evaluate:  Now  Hut  P1*P,-tP,  - 3.37  W.  Thucquak  Pm  - /’  =(1.50  A)'<1.50O>  = 3-J7  W.  the  power 

dissipated  xn  the  equivalent  resistor. 

(cl  SET  UP:  With  R,  removed  the  circuit  becomes  the  circuit  in  Figure  26. 13c. 

EXECUTE:  R}  and  R \ arc  in  parallel  and 

their  equivalent  resistance  R ^ rs  given  by 

— * — and  R*  - 2.25  12 

Rn  R . R.  4.50  ft  * 

Figure  26.13c 


The  equivalent  circuit  is  shown  in  Figure  26.13d. 
/ 


Figure  26.13d 


/=_£_ 

, 9.00  V 

4.50  ft  t 2.25  ft 


.333  A 


/,  ^ 1.33  A.  }\  = !XR  =0  333  A)(4.50  (2)  ^ 6.00  V 

In  = 1.33  /V  VH  - = (1.333  A)(2.25  ft)  = 3.00  V and  V\  = \\  = 3.00  V 


3.00  V V. 

0.667  /V  /,  = -L  = 0.667  A 

4.50  ft  R, 


(d>  Set  Up:  J»  = /:* 

Execute:  /j  =<1.333  A),(4.50ft)=8.00\v 
/$  = /»*  = (0.667  AFC4.50  ft>  = 2.00  W. 

(el  EVALUATE:  When  RA  is  removed.  /*.  decreases  and  P:  and  P.  increase.  Bulb  R:  glows  less  brightly  and  bulbs 
R:  and  Ri  glow  more  brightly.  When  R*  is  removed  the  equivalent  resistance  of  tb:  circuit  increases  and  the  ament 
through  R\  decreases.  But  in  the  parallel  combcnation  this  current  divides  into  two  equal  aments  rather  tlian  three, 
so  the  currents  thn>ugh  R:  and  /?•.  increase.  Can  also  see  this  by  noting  that  w ith  R*  removed  and  less  cuncni 
through  R\  tlie  voltage  drv^i  across  R s is  less  so  the  voltage  drop  across  /?;  and  across  R\  must  bcconx  larger. 


26  6 


diopter  26 


26.14.  IDENTIFY:  Apply  Ohm's  law  to  each  resistor. 

SET  UP:  For  resistors  in  parallel  the  voltages  arc  the  same  and  the  currents  add  For  resistors  in  senes  the  currents 
are  tlie  .same  and  the  voltages  add 

Execute:  From  Ohm’s  law.  the  voltage  drop  across  the  6.(10  Cl  resistor  is  F-  JR  - (4.0)  AM6.00  Q)  - 24.0  V. 
The  voltage  drop  across  the  8.00  O resistor  is  the  xanx.  since  these  two  resasaorx  are  wired  in  parallel.  The  current 
through  the  8.00  Q resistor  is  then  / - VSR  - 24.0  V/8.00  Cl  - 3.00  A.  The  current  through  the  25.0  Cl  resastor  is  the 
sum  of  these  two  currents:  7.00  A.  The  voltage  drop  across  th:  25.0  Cl  resistor  is  V- JR  - <7.00  AX25.0  Cl)  - 175  V. 
and  total  voltage  drop  across  the  top  branch  of  the  circuit  is  175  V ♦ 24.0  V - 199  V,  which  is  also  the  voltage 
drop  across  the  20.0  Cl  resistor.  The  current  through  the  20.0  Cl  resistor  is  then  / - VSR  = 199  V/20  Cl  - 9.95  A. 
EVALUATE:  The  total  current  through  the  battery  is  7.00  A * 9.95  A - 16.95  A . Note  that  we  did  not  need  to 
calculate  the  emf  of  th:  battery. 

26.15.  IDENTIFY:  Apply  Ohm's  law  to  each  resistor. 

SET  UP:  For  rexislors  in  pirallel  the  voltages  are  the  same  and  the  currents  add  For  resistors  in  senes  the  currents 
are  the  same  and  the  voltages  add 

EXECUTE:  The  current  through  2 00-0  resistor  is  6.00  A.  Current  through  1 .CO  O resistor  also  is  6.0)  A and  the 
voltage  is  6.00  V.  Vohage  across  the  6.00 Cl  resistor  is  12.0  V 6.0  V - IS.O  V.  Current  through  the  6.00  0 
resistor  is  (18.0  VF(6.flO  Q>-  3.00  A.  The  batten*  emf  is  18.0  V. 

EVALUATE:  The  current  through  the  buttery  is  6.00  A * 3.00  A - 9.00  A.  The  equivalent  resistor  of  the  resistor 
network  is  2.00  Cl.  and  this  equals  ( 1 8.0  VW.OO  A). 

26.16.  IDENTIFY:  The  filaments  must  he  connected  such  thit  the  current  can  flow  through  each  separately,  and  also 
through  both  xn  parallel,  yielding  three  possible  current  flows.  The  parallel  situation  always  has  less  resistance  than 
any  of  the  individual  members,  so  rt  will  give  th:  highest  power  output  of  180  \V.  while  the  other  two  must  give 
power  outputs  of  60  W and  120  W. 

SET  Up:  P - V : SR.  w here  R is  the  cquivaknt  resistance 

Execute:  (a)  60  W = — mVf,  r - ill  ' ' . - 24()£>.  120W-L-  met  ft.  ' — - -I2CH1  I'orihcic 
ft  60  W ft.  * ' 121)  W 

two  rcsiftare  in  parallel,  ft  - *'  'V~  - 80  !)  ami  P - — — — - 1 80  W . xvhieh  11  llie  desired  value. 

**  ft;-*  ft.  ft„  80  £1 

(b)  II' ft,  bn  ms  ml.  the  120  W setting  slays  the  saiix-.  ihc  60  W setting  does  nol  work  and  the  ISO  W setting  goes  to 
120  \V:  brightixsscx  of  zero,  medium  and  medium. 

(c>  If R:  hums  out.  the  60  \V  setting  stays  the  same,  the  120  W setting  docs  nol  work.  and  the  180  W setting  is  now 
60  W:  brightnesses  of  low.  zero  and  low*. 

EVALUATE:  Since  in  each  case  120  V is  supplied  to  each  fllanxnt  network,  the  lowest  resistance  dixsqiatcx  the 
greatest  power. 

26.17.  IDENTIFY':  For  resistors  in  series,  the  voltages  add  and  the  current  is  the  same.  For  resistors  in  parallel,  the 
voltages  arc  the  same  and  the  currents  add.  P-  S’ R. 

(a)  SET  Up:  The  circuit  is  sketched  in  Figure  26. 1 7a. 

ft  - 4C011 

/i  • 

For  resistors  in  series  the  current 
is  the  same  through  each. 

- 801 U 

Figure  26.17a 

EXECUTE:  R^  = Rt  ♦ R1  =1200  Cl  / - ^ - 0. ICO  A.  This  is  the  cunent  drawn  from  th:  line. 

<b>  />  = /,*'*,  =(0.100  A)‘(4(MM1)  = 4.0  W 
P}=/;R:  =(0.100  A>*(K00fl)  = 8.0  W 

(c>  P^  = Px  ♦ P^  = 12.0  W.  the  total  power  dissipated  in  both  bulbs.  Note  that 
/;.  = Vuj  = (120  VM0. 100  A)  = 12.0  W.  the  power  delivered  by  the  potential  source,  equals  P^ 

«l ) SET  UP:  The  circuit  is  sketched  in  Figure  26. 1 7b. 

For  resistors  in  parallel  the  voltage 
across  each  resastor  is  the  same. 


Figure  26.17b 
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26.18. 


19. 


EXECUTE: 


0.300  X/.-Ll- lill 
400  a R.  800  a 


0.150  A 


EVALUATE:  Note  thit  each  current  is  larger  than  the  current  when  the  resistors  ore  connected  in  series. 

(el  Execute:  />  = l;R , - (0.30(>  A)1 1400  m - 36.0  w 
/•  = l\Rt  - (0. 1 50  A >*'(*00  Jl>  - 1 8 0 W 
(fl  P..=Pl  + P-“  54.0  W 

EVALUATE:  Note  thxt  the  total  current  drawn  from  the  line  is  /-/,♦/,  -0.450  A.  The  power  input  from  the 
line  is  Pm  - VJ  - <120  V)0.450  A)  = 54.0  W.  which  equals  the  total  power  dissipated  by  the  bulbs. 

I r)  The  bulb  that  is  dissipating  the  most  power  glows  most  brightly.  Foe  the  series  connection  the  currents  ore  the 
same  and  by  P-PR  the  bulb  with  the  larger  R has  the  larger  /*;  the  800  fl  bulb  glows  more  brightly.  For  the 
parallel  combination  the  voltages  are  the  san>:  and  by  P - r fR  the  bulb  w ith  the  smaller  R has  the  larger  P:  the 
400  fl  bulb  glows  more  brightly. 

(hi  Th:  total  power  output  equals  P,  - so  Pi9  is  larger  for  the  parallel  connection  where  the  current 
drawn  from  the  lirx  is  larger  (because  the  equivalent  resistance  is  smaller.! 

IDENTIFY:  Use  P - V1  >R  with  V - 120  V and  the  wattage  for  each  bulb  to  calculate  th:  resistance  of  each  bulb. 
When  connected  in  senes  the  voltage  xross  each  bulb  will  not  be  120  V and  the  power  for  each  bulb  will  be 
different. 

SET  UP:  For  resistors  in  series  the  currents  arc  the  some  and  R « Rt  + R} . 


r-  « , M V <120  Vl 

Execute:  <»>  R<  A 

r 60  w 


^ « yi  <120  vr 

- 240  fl ; Itro* — ^2 

3 P 200  W 


72  fl. 


Therefore.  I - I. 


240  V 


>769  A. 


<240  fl  + 72il> 

|b)  = I*R  = <0.769  A)*<240fl)»  142  W;  P}a/A  = I*R  = (0.769  A),(72 fl) * 42.6  W. 

(c>  The  60  W bulb  burns  out  quickly  because  the  power  it  delivers  1142  W)  is  2.4  times  its  rated  value. 

Evaluate:  In  senes  the  largest  resistance  dissipates  tbc  greatest  power. 

IDENTIFY  and  Set  Up:  Replace  series  and  parallel  combinations  of  resistors  by  their  equivalents  until  the  circuit 
is  reduced  to  a single  kiop.  Use  the  loop  equation  to  find  th:  current  through  th:  20.0  fl  resistor.  Set  P - PR  for 
the  20.0  fl  resistor  equal  to  (he  rate  Qfl  at  which  heat  goes  into  the  water  and  set  Q - wcAT. 

EXECUTE:  Replace  the  network  by  the  equivalent  resistor,  as  shown  in  Figure  26.19. 


ioon 

-AW 


ioon 

VvV 


10.011 

VvV — i 
10.011 
/WV>- 


5011 

— AW 


5011 

VVV — 1 


20.01! 


20.01! 


10. 0 It 


5DII 

^wv— 


Figure  26.19 


30.0  V - /( 20.0  f2  + 5.0  C1  + 5.0  fl)  = Q / = 1 .00  A 

For  the  20.0-fl  resistor  thermal  energy  is  generated  at  the  rate  P - l*R  - 20.0  W.  Q-Pt  and  O-  mcAT  gives 
f |0.HH>kgH4190Jkg  K)(4K0C-)  |/if  ^ 

P 20.0  W 

EV  ALU  ATE:  The  batten*  is  supplying  beat  at  tbc  rate  P - £7  - 30.0  W.  In  the  series  circuit,  more  energy  is 
dissipated  in  the  larger  resistor  (20.1)  fl)  than  in  the  smaller  ones  <5.00  fl). 

26.20.  IDENTIFY:  P - !:R  determines  Rt.  R^%  R.  and  the  10.0  fl  resistor  are  all  in  parallel  so  have  the  mine  voltage 

Apply  the  junction  rule  to  find  the  current  through  /?.  . 

SET  UP:  P - / 'R  for  a resistor  and  P - PI  for  an  cmf.  Th:  cmf  inputs  electrical  crcrgy  into  the  circuit  and 

clcctrxal  energy  is  removed  in  th:  resistors. 

Execute:  <*)  P = PR  . 20  W - (2  A>;^  and  Rx  - 5.00  fl . Rx  and  10  fl  are  in  parallel,  so 

(10 fl)/„  -<5flX2  A)  and  /M«IA.So  !1  - 3.50  A — J — /M  - 050  A . ft  and  arc  in  parallel,  so 

<0.50  A)R.  = (2  AM5  n>  and  R:  = 20.0 fl 

<b!  faF,*  (2.00  AX 5.00  fit  - 10.0  V 

<c>  From  part  I a).  /,  = 0.500  A.  /„  - 1 .00  A 
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<d>  />  = 200  W (given.  A - /;/?,  - (0.50  A)j(20  O)  - 5.(0  W . />,=  >(1.0  A)*(l0ft)«10.0  W . The  total 

rate  at  which  the  resistors  remove  electrical  energy  is  - 20  W + 5 \V  r 10  \V  - 35.0  W . The  total  rate  at  which 
the  battery  inputs  electrical  energy  k P^^  = /£  = (3.50  AH  10.0  V)  * 35.0  W . P^  = . which  agrees  with 

conservation  of  energy. 

EVALUATE:  The  three  resistors  are  in  parallel.  so  the  voltage  fee  e»:h  k the  batten*  voltage.  10.0  V.  The  currents 
in  the  three  rcsistces  add  to  give  th:  current  in  the  battery. 

26.21.  IDENTIFY:  Apply  KirehhotVs  point  rule  at  point  it  to  find  the  current  through  R Apply  Kirchboffs  loop  rule  to 
loops  (I)  and  (2)  shown  in  figure  26.21a  to  calculate  R and  £.  Travel  around  each  loop  in  the  direction  shown. 

(a)  Set  Up: 


Figure  2(i.2 la 


EXECUTE:  Apply  KirehhotVs  point  rule  to  paint  a\  £ / - 0 so  / ♦ 4.00  A - 6.00  A - 0 
/ - 2.00  A (in  the  direction  shown  xn  the  diagram). 

<b>  Apply  KirehhotVs  loop  rule  to  loop  1 1 >:  -(6.00  A )(3.00  Q)-(2.00  A)tf  + 28.0  V = 0 
-18.0  V -(2.00  0)*  + 28.0  V«0 
ff  2S  0 V-18  0 v S 0Qn 

2.000  A 

(c>  Apply  KirehhotVs  loop  rule  to  loop(2»:  -(6.00  AJJ3.00  0)-(4  00  A |(6.00  0)  + £ -0 
£ - 18.0  V + 24.0  V - 42.0  V 

EVAI.UATE:  Can  check  that  the  loop  rule  is  satisfied  for  locp  (3).  as  a check  of  our  wxuk 

28.0  V -£ + (4.00  A )(6.00  O)  -{2.00  A)/?  -0 

28.0  V - 42.0  V ^ 24.0  V - 1 2.00  A )( 5.00  0)^0 

52.0  V » 42.0  V + 10.0  V 

52.0  V - 52.0  V,  so  the  loop  rule  is  satisfied  for  this  loop. 

<d>  IDENTIFY:  If  the  circuit  is  broken  at  poant  x there  can  be  no  current  in  the  6.00  O resistor.  There  is  now  only 
a single  current  path  and  we  can  apply  the  loop  rule  to  this  path. 

Set  UP:  The  circuit  is  sketched  in  figure  26.2 lb. 


Figure  26.21b 


Execute:  -2S.0  V -(3.00  n)/-(S.OO  Q)/  - 0 

/ 2^1,  , 50  A 

8.00  n 

EVALUATE:  Breaking  the  circuit  at  x removes  the  42.0  V cmf  from  the  circuit  and  the  current  through  the 

3.00  0 resistor  is  reduced. 


Direct-Current  Circuit* 


26-9 


26.22.  IDENTIFY:  Apply  the  loop  rule  and  junctxm  rule. 

SET  UP:  The  circuit  diagram  is  given  in  Figure  26.22.  The  junction  rule  has  been  used  to  find  the  magnitude  and 
direction  of  the  current  in  the  middle  bcarch  of  the  circuit.  Th^c  are  no  remaining  unknown  currents. 

Execute:  The  loop  rule  applied  to  loop  (I ) gives: 

-♦20.0  V -(1.00  A K 1.00  n>  f (1.00  A)(4.00  Hi  ♦■(1.00  A Ml. 00  Q)-^  -(1.00  AX6.00  £1)  = 0 
£ - 20.0  V-1.00  V+4.00  V + 1.00  V- 6.00  V a 18.0  V . The  loop  rule  applied  to  loop (2) gives: 

-♦20.0  V -(1.00  AM  1.00  Hi -(2.00  AMI  00  Ql-^ -(2.00  AK2.00a)-<1.00  AM 600  01-0 
£2  ^ 20.0  V - 1 .CXI  V - 2.00  V - 4.00  V - 6.00  V ^ 7.0  V . Going  from  h to  a along  th:  lower  branch. 

Vc  -i  (2  00  AX 2.00  n>  -♦  7.0  V + (2.00  A x 1 00  ft)  ^ r, . \\  - I'  =.  -1 3.0  V ; point  6 is  at  1 3.0  V lower  potential 
than  point  a. 

EVALUATE:  Wc  can  also  calculate  \\  - \ \ by  going  from  b to  a along  the  upper  bruixh  of  tfo:  cireuit. 

K*-<l.00  AK6.00  n>  ♦ 20.0  V -(1.00  AMI  .00  = and  1;  - 1;  = -l  3.0  V.  This  agrees  with  Yk-V*  calculated 

along  a different  pith  between  h and  a. 


1.00A 


200A 


Figure  26.22 

26.23.  IDENTIFY:  Apply  the  junction  rule  at  points  it.  b.  c and  »/  to  calculate  the  unknown  currents.  Then  :ppJy  the  loop 
rule  to  three  loops  to  calculate  . €.  and  R. 

U)  SET  Up:  The  circuit  is  sketched  in  Figure  26.23. 


EXECUTE:  Apply  the  junction  rule  to  point  a : 3.00  A ♦-  5.00  A - /,  - 0 
Iv  a 8.00  A 

Apply  the  junction  rule  to  paint  h : 2.00  A -♦  J4  -3.00  A - 0 
/,  a | .00  A 

Apply  the  junction  rule  to  paint  c:  />-/«-/*-  0 
/*  */,-/«  sS.OO  A- 1.00  A - 7.00  A 

Ev  All  ATE:  As  a check,  apply  the  junction  nilc  to  point  d : /*  - 2.00  A - 5.00  A - 0 
A a 7.00  A 
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<bi  Execute:  Apply  the  loopmlc  to  loop(l):  £,  -(3.00  A|(4.0O  a)-/,  (3.00  n)  - 0 
£ - 12.0  V -(8.00  A)(3.00  11)  - 30.0  V 

Apply  the  loop  rul:  to  loop  (2):  £:  -<5.00  A)(6.00  O) - /,(3.00 11) -0 
- 30.0  V .(S.OO  A ((3.00 11)-  54.0  V 
(cl  Apply  the  loop  rule  to  loop  (3):  -( 2.00  A )R  - £ 6 £,  = 0 
ff-£^54.0V-36.0V-9WQ 

2.00  A 2.00  A 

EVALUATE:  Apply  th:  laip  rule  to  loop  (4)  a*  a check  of  our  calculation*: 

-12.00  A >*-(3.00  A )< 4.00  Cl) -*(5.00  A)(6.00  = 0 

-1 2.00  A ){9.W  Q>- 12.0  V + 30.0  V - 0 
-18.0  V + 18.0  V * 0 

26.24.  IDCOIFV:  Use  Kirchhoff  * Rules  to  find  the  currents. 

SET  Up:  Since  the  1.0  V battery  ha*  the  larger  voltage.  »sume  /,  i*  to  the  left  through  the  10  V battery.  /,  is  to 
the  right  through  the  5 V hattcry.  and  /,  is  to  the  right  through  the  10  Cl  resistor.  Go  around  each  loop  in  the 
counterclockwise  direction. 

EXECUTE:  Upper  loop.  10.0  V-(  2.00  Cl +3.00  Cl)/,  -(I.00CI *-4.00 Cl)/;  -5.00  V^O  . ThK  gives 
50  V-( 5.000 1/,  -(S.OOCl)^  =0.and  =>/,+ = 1.00 A. 

Lover  loop:  5.00  V •*  ( 1 .00 11  - 4.01  II)/,  - < 1 0.0 111/,  - 0 . Ths gives  5.01  V t- ( 5.00 11 )/, -(10.011)/,  -O.and 


Along  with  /,  - /%  + /,,  we  can  solve  for  the  three  cuncnt*  and  find: 

/,  ^ O.SOO  A ./j  --  0.200  A.  = 0.600  A. 

<b>  - -(0.200  A |(4.(X)  Cl)- 1 0.800  A)(3.00Cl)  = -3.20  V. 

EVALUATE:  Traveling  from  b to  a through  the  4.00  Cl  and  3.00  Cl  resisted*  you  pass  through  the  resistor*  in  the 
direction  of  the  current  and  the  potential  (fccxeascs:  point  b is  at  higher  potential  than  point  a. 

26.25.  IDENTIFY:  Apply  the  junction  rule  to  reduce  the  number  of  unknown  currents.  Apply  th:  loop  rule  to  two  loops 
to  obtain  two  equations  for  the  unknown  currents  /(  and  / 1 
<a)  Set  Up:  The  circuit  is  sketched  in  Figure  26.25. 


Let  /,  be  the  current  in  the  3.00  Cl  resisted  and  I2  be  the  current  in  the  4.t»  Cl  resistor  and  assume  that  these 
currents  are  in  the  directions  shown.  Then  the  current  in  th:  10.0  Cl  resisted  is  /,  - / -/r  in  the  direction  shown, 
where  we  have  used  Kirchhoff  s point  rule  to  relate  /» to  I\  and  /:.  If  we  gel  a negative  answer  for  any  of  these 
currents  we  know*  the  current  is  actually  in  the  opposite  direct ieo  to  what  we  have  assumed.  Three  loops  and 
directions  to  travel  around  the  loops  are  shown  in  th:  circuit  diagram  Apply  KirchhofTs  locp  rule  to  each  loop. 
EXECXTE:  loop  ( 1 > 

•flll.O  V - 7,(3.0011)-/, (4.00  H)t5.iX)  V — /,( 1 .00  11)-/,  (2.00 11) -0 

15.00  V-(5.00  11)/, -(5.00  111/,  =0 

3.00  A -/,-/,  =0 
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*5.00  v - /,  «i  .00  ft) * (/.  - /,  >10.0  n - /,  r 4 .00  ft  1 - 0 

5 00  v r < 1 0.0  ft)/,  - (i  5.0  n •/.  - 0 

1 .GO  A * 2.00/,  - 3.00/%  - 0 

The  first  equation  says  /,  - 3.00  A - /,. 

Use  this  in  the  sccood  equation:  1 .00  A * 2.00/,  - 9.00  A * 300/,  = 0 

500/,  -800  A,  /,  - 1 .60  A 

Then  /a  -3.00  A-/,  - 3.00  A -1.60  A- 1 .40  A. 

A a /,  -J2  = 1 .60  A - 1.40  A -0.20  A 
EVALUATE:  Loop  (3>  can  be  used  as  a check. 

*10.0  V -(1.60  A 1(3.00  01-1020  AXlO.00  O)-(l.60  AX2.00  ft)  - 0 

10.0  V « 4.8  V +2.0  V •*  3.2  V 

10.0  V*  100  V 

We  find  that  with  our  calculated  currents  the  loop  rule  is  satisfied  for  loop  (3).  Also,  all  the  currents  come  out  to  be 
positive,  so  the  current  directions  in  the  circuit  diagram  are  correct. 

<b>  IDENTIFY  and  SET  Up:  To  find  Va  - Vm  - V%  start  at  point  h and  travel  to  point  a.  Many  ditTcrent  routes  can 
be  taken  from  h \o<j  and  all  must  yield  the  same  result  for  1'^. 

EXECUTE:  Travel  through  the  4.00  ft  resistor  and  tlien  through  the  3.00  ft  resistor. 

\\  * A(4.00  ft)  * /, <3.00  ft)  = Ym 

K - K * 0 .40  AH4.00  ft)*(l  60  AK3.00  ft)  - 5.60  V + 4.8  V ^ 10.4  V (point  a is  at  higher  potential  than  point  b) 
EVALUATE:  Alternatively,  travel  through  the  5.00  V cmf.  the  1 .00  ft  resistor.  the  2.00  ft  resistor,  and  the  10.0  V cmf. 

* 5.00  v - /,(  1 .00  ft)  - 2.00  ft ) * 10.0  v ^ r 

r - /;=  1 5.0  V - (1 .40  A K 1 00  ft ) - (1 .60  A H 2.(XI  ft ) ^ 1 5.0  V - 1 .40  V - 3.20  V = 1 0.4  V.  the  same  as  before. 

26.26.  IDENTIFY:  Use  Kirchboff  s rules  to  find  the  currents 

SET  UP:  Since  the  20.0  V battery  lias  the  largest  voltage,  assume  /,  is  to  the  right  through  the  10.0  V battery.  /, 
is  to  th:  left  through  the  20.0  V battery,  and  /,  is  to  the  right  thn>ugh  the  10  ft  resistor.  Go  around  each  loop  in 
the  counterclockwise  direction. 

EXECUTE:  Upper  loop.  1 OO  V ♦ (2.00  ft  * 3.00  ft )/,  + ( 1 .00  ft  * 4.(»  ft  )/,  - 20.00  V = 0 . 

-10.0  V*  (5.00ft)/,  *(5.000)/,  - 0 . so  /,*/,-  *2.00  A. 

Lower  loop:  20.00  V - ( LOO  ft  * 4 .00  ft ) / , - ( 1 0.0  ft )/ , = 0 . 

20.00  V - ( 5.00 f 2 )/*  - ( 1 0.0 ft)/,  =0-*o  /^  *2/.  -4.00  A. 

Along  with  /3  -/,*/,,  we  can  solve  for  the  three  curcents  and  find  /,  - +0.4  A.  /v  - * 1 .6  A.  /.  - * 1 .2  A. 

<b>  V+  ^/J(4ft)*/|(3ft)  = (1.6AX4ft)*<0.4  AX3ft)*7.6  V 

EVALUATE:  Traveling  from  h to  a through  the  4.00  ft  and  3.00  ft  resisted*  you  pass  through  each  resistor 
opposite  to  the  direction  of  the  cunent  and  the  potential  increases:  point  a is  at  higher  potential  than  point  b. 

26.27.  (a)  IDENTIFY:  With  the  switch  open,  the  circuit  can  he  solved  using  scncs-pirallel  rcdixtion. 

SET  UP:  Find  the  current  through  the  unknown  battery  using  Ohm’s  law.  Then  use  the  equivalent  resistance  of 
the  circuit  to  find  the  cmf  of  the  battery. 

Execute:  The  30.0-ft  and  50.0-ft  resistors  are  in  series,  and  henre  have  the  same  current.  Using  Ohm's  law 
- ( 15.0  V)'(50.0  ft)  - 0.300  A - /„.  The  potential  drop  arross  the  75.0  ft  resistor  is  the  same  as  the  potential 
drop  across  the  80.0-ft  scries  combination.  We  can  use  this  fact  to  find  the  current  through  the  75.0-ft  resistor 
using  Ohm’s  law:  Vyi  - - <0.300  AMKO.O  ft)  - 24.0  V and  A,  - <24.0  VV(75.0  ft l - 0.320  A. 

The  current  through  the  unknown  battery  is  the  sum  of  the  two  currents  we  just  found 

- 0.300  A ♦ 0.320  A - 0.620  A 

The  equivalent  resistance  of  the  resistors  in  parallel  is  UR9  - l/(75.0  ft!  ♦ 1/(800  ft).  This  gives  Rp  - 38.7  ft  The 
equivalent  resistance  “seen  ” by  the  battery  is  /?v«*a  - 20.0  ft  38.7  ft  - 5S.7  ft. 

Applying  Ohm’s  law  to  the  battery  gives  C - R^„l1uj  - <58.7  ftX0.620  A)  - 36.4  V 

<b>  IDENTIFY:  With  the  switch  closed,  the  2S.0-V  battery  is  connected  across  the  50.0-ft  resistor. 

SET  UP:  Taking  a loop  around  the  right  put  of  the  circuit. 

Execute:  Ohm’s  law  gives  / - (25.0  V>(50.0  ft)  - 0 500  A 

EVALUATE:  The  current  through  the  50.0-ft  resistor,  and  the  rest  of  the  circuit,  depends  on  wlteihcr  or  not  the 
switch  is  open. 
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26.28.  IDENTIFY:  Wc  need  to  use  KirchhofFs  rules. 

SET  UP:  Take  a loop  around  the  outside  of  the  circuit,  use  the  cuxieot  at  the  upper  jurxtion.  and  tlien  take  a loop 
around  the  right  side  of  the  circuit. 

EXECUTE:  The  outside  loop  gives  75.0  V ( 1 20 £2M  1 .50  A)  - <48.0  £2)/* -O.so/*-  1.188  A.  At  a 
Junction  we  hav  e 1.50  A - 1/  ♦ 1.188  A . and  /^  — 0.313  A.  A loop  around  the  right  part  of  the  circuit  gives 
€ - (48  QM  1.188  A)  ♦ (lS.0ft>0.3l3  A|.  € - 52.3  V,  with  the  polarity  shown  in  th:  figure  in  the  problem 
EVALUATE:  The  unknown  battery  h » a smaller  emf  tlian  the  known  one.  so  the  current  through  it  goes  against 
its  polarity. 

26.29.  (a  i IliK.NTlFV:  With  the  switch  open,  wc  have  a scries  circuit  with  two  batteries. 

SET  UP:  Take  a loop  to  find  the  current,  then  use  Ohm's  law  to  find  the  potential  difference  between  a and  h. 
EXECUTE:  Taking  the  loop:  / - (40.0  V>(  1 75  £2)  - 0.229  A The  potential  difference  between  a and  b is 
Vh  - K4-  4 15.0  V (75.0 12X0.229  A)  - - 2.14  V. 

E VAIL' ATE:  The  minus  sign  means  that  a is  at  a higher  potential  thin  b. 

<b)  IDENTIFY:  With  the  switch  closed,  the  ammeter  part  of  the  circuit  divides  the  original  circuit  into  two 
circuits.  We  can  apply  KirchhotTs  rules  to  both  parts. 

SET  Up:  Take  loops  around  the  left  and  right  parts  of  the  circuit,  and  then  look  at  the  current  at  th:  junction. 
EXECUTE:  The  left-hand  locp  gives  /uw  - (25.0  V)(  100.0  fit  - 0.250  A.  The  right-hand  loop  gives 
- < 15.0  VK(75.0  £2)  - 0.200  A.  At  the  junction  just  abov  e the  switch  we  have  /,w.  - 0.250  A (in)  and 
/n  - 0.200  A (out) . so  /,  - 0.250  A 0.200  A - 0.050  A.  downward.  The  voltmeter  reads  zero  because  the 
potential  ditVererxe  Arrow  it  rs  zero  with  the  sw  itch  closed. 

Evaluate:  The  ideal  ammeter  acts  like  a short  circuit,  making  a and  h at  the  same  potential.  I lence  the 
voltmeter  reads  zero. 

24.30.  IDENTIFY:  The  circuit  is  sketched  in  figure  26  Jfta  Sirxc  all  th:  external  resistors  are  equal,  the  cuncru  must  be 
symmetrical  through  them.  That  is,  there  can  be  no  current  through  the  resistor  R for  that  would  imply  an 
imbalance  in  currents  through  the  other  resistors.  With  no  current  going  through  /?.  the  circuit  is  like  that  shown  in 
figure  26.30b. 

SET  Up:  For  resistors  in  series,  th:  equivalent  resistance  is  R%  - R • R. . for  resistors  m parallel,  the  equivalent 

.111 

resistance  is — -t  — 

R,  It  R, 


Execute:  The  equivalent  resistance  of  the  circuit  is  R 


II  I T V 

— ♦ - 1 £2  and  / , - - 13  A Ihc  two 

2 £2  2«  ^ if! 


parallel  branches  hive  the  sime  resistance,  so  - — /t1g1  - 6.5  A.  The  current  through  each  1 £2  resistor  is  6.5  A 

and  no  cuncnt  passes  through  R. 

<b)  As  worked  out  above.  R 'm  - 1 £2  . 

<c)  - 0.  since  no  cuncnt  flows  through  R. 


<«>  <b) 

Figure  26  JO 


26.31.  IDEN’HFY:  To  construct  an  ammeter,  add  a shunt  resistor  in  parallel  with  the  galvanometer  coil.  To  construct  a 
voltmeter,  add  a resistor  in  scries  with  the  galvnnonxtcr  coil. 

SET  Up:  The  full-scale  deflection  cuncnt  is  500  j/A  and  the  coil  rcsislarxc  is  25.0  £2  . 

EXECUTE:  (a)  For  a 20-mA  ammeter,  the  twx>  resistances  arc  in  parallel  and  th:  voltages  across  each  are  the 
same.  I’=r  givo  IR-IR.  1 500. 10  * A|{2S.0n) -(20«  10  1 A - 500- 10  * A}*  and  K ^0.64Ki. 


Dirccl-Carrcnt  Circuit*  26-13 


26.32. 


26.33. 


26.34. 


26.35. 


(b>  For  a 500-mV  voltmeter,  the  resistance*  arc  in  series  and  the  current  is  the  same  through  each:  -/(/?.  + R%  \ 

rod  s Ll- H.  u 51X1  * 10  V - 2S.0Q  = 975 n. 

/ 500x10  * A 

EVALUATE:  The  equivalent  resistance  of  the  voltmeter  is  ^ _ £ + J?  - 1000  H • The  equivalent  resistance  ot* 


the  ammeter  is  given  by  + — and  R^  - 0.625  12  . The  voltmeter  is  a high-resistance  device  and  the 

Rm  R*  R, 

immeter  is  a tow -resistance  d:\icc. 

IDENTIFY:  He  galvanometer  is  represented  in  the  circuit  as  a resistance  Rc.  Use  the  junction  rule  to  relate  the 
current  through  the  galvanometer  and  the  current  through  the  shunt  resistor.  The  voltage  drop  across  each  parallel 
path  is  the  same;  use  this  to  wntc  an  equation  for  the  resistance  R. 


SET  UP:  The  circuit  is  sketched  in  Figure  26.32. 


A/W 


ft  - 9 11 


AAA 


Is  (10224  A 

AAA — 


t-  200  A 


t?  =cnovm 


Figure  26.32 


We  want  that  /.  - 20.0  A in  the  external  circuit  to  produce  Ju  - 0.0224  A through  the  galvanometer  coil. 
EXECUTE:  Applying  the  (unction  rule  to  point  a gives  Is  - lu  -/A-0 
= /,  - A - 20.0  A - 0.0224  A - I9.9S  A 

The  potential  difference  between  po«nts  a and  b must  be  the  same  for  both  paths  between  these  two  points; 

/„(«+/?.  u/**. 


(19.98  AH 0.0250  12  > 


- 9.36  12  - 22.30  a -9.36  12  - 12.9 


0.0224  A 


EVALUATE:  /?a  « R + ; most  of  the  current  gixs  through  the  shunt.  Adding  R decreases  the  fractxm  of  the 

current  that  goes  through  . 

IDENTIFY : The  meter  introduces  resistance  into  the  circuit,  which  affects  the  current  through  the  5.00kl2  resistor 
and  hence  the  potential  drop  across  it. 

SET  Up:  Use  Ohm's  law  to  find  th:  current  through  the  S.00-kll  resistor  and  then  the  potential  drop  across  it. 
EXECUTE:  (a)  The  parallel  resistance  with  the  voltmeter  is  3.33  klL  so  the  total  equivalent  resistance  across  the 
battery  is  9.33  Idl.  giving  / - (50.0  V)  (9.33  k!2)  - 5.36  mA.  Ohm's  law  gives  the  potential  drop  acroxs  the 
5.00-kft  resistor:  r,ui-  <3.33  kOM5.36  mA)  - 17.9  V 

<b>  The  current  in  the  circuit  is  now  / - <50.0  V>f(  1 1 .0  k!2>  - 4.55  mA.  - <5.00  k!2)(4.5S  mA)  - 22.7  V. 

<c)%  error  - (22.7  V - 17.9  V)(22.7  VI  - 0.214  - 21 .4%.  (We  earned  extra  decimal  places  for  accuracy  smcc  we 
had  to  subtract  our  answers ) 

EVALUATE:  The  presence  of  the  meter  mad:  a very  large  percent  error  in  the  reading  of  the  "truc~  potential 
across  the  resistor. 

IDENTIFY:  The  resistance  of  the  galvanonxlcr  can  alter  the  rcsistaixe  in  a circuit. 

Sf:t  Up:  The  shunt  is  in  parallel  with  the  galvanometer,  so  we  find  th:  parallel  resistance  of  the  ammeter.  Then 
use  Ohm’s  law  to  find  the  current  in  th:  circuit. 

Execute:  (a)  The  resistance  of  the  ammeter  is  given  by  \/RA  - b\  I .X  12)  ♦ I .'(25.0 12 1.  so  Rt  - 0.962  12  The 
current  through  the  ammeter,  and  herxc  th:  current  it  measures,  is  /-  ViR  - <25.0  V)<15.96 12)-  1.57  A. 

<b)  Now  there  is  no  meter  in  the  circuit,  so  the  total  resistance  is  only  15.0 12.  / - <25.0  \rK(  15.0 12»  - 1.67  A 
<c>  <1.67  A - 1.57  A>(l .67  A)  - 0.060  - 6.0% 

EV  ALU  ATE:  A 1-12  shunt  can  introduce  noticeable  error  in  the  nxasurement  of  an  ammeter. 

IDENTIFY:  When  the  galvanometer  reading  is  zero  £2  - /RM  and  £t  - IR ^ . 

SET  Up:  R % is  proportional  to  x and  RmK  is  proportional  to  /. 


Execute:  <a>  £, -£,-±= £ I. 

R*  i 

<b>  The  value  of  the  galvanometer's  resistance  is  unimportant  since  no  current  Hows  through  it. 

<c>  f,  1 ^ 19. 1 5 VI0110  - 3 .34  V 

2 ‘I  ' 1 .0QI  m 

EVALUATE:  The  potentiometer  nxasure*  the  cmf  £..  of  the  source  directly,  unaffected  by  the  internal  resistance 
of  the  source,  since  the  measurement  is  made  with  no  current  through  £% . 
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26.36. 


26.37. 


26.38. 


26.39. 


KDINIIFY:  A half- scale  reading  occurs  with  R - 600X2 . so  th>c  current  through  tl>r  galvanometer  u Kilf  the  full- 
scale  current. 

SET  UP:  The  resistors  R% . /?  ami  R arc  in  senes,  so  the  total  resistance  of  the  circuit  is  /?k44l  - RK  ♦ Rt  -t  R . 

3.60*  IQ  * A 


Execute:  £ - IRXAA  .1.50  v 


15.0X2  + 600X2 + R ) and  *=218X2 


Evaluate:  We  haw  assumed  that  the  device  is  linear,  in  the  sense  that  the  deflection  is  proportional  to  the 
current  through  the  meter. 

IDENTIFY:  Apply  £ - 1R_  f to  relate  the  resistance  * to  the  current  in  the  circuit. 

SET  UP:  tf.  R and  the  meter  arc  in  series,  so  R ^ - R+  R + Ru,  where  - 65.0  X2  is  th:  resistance  of  the 
meter.  — 2.50  m.A  is  the  current  required  fee  full-scale  defection. 

Execute:  (a)  When  the  wires  arc  shorted,  the  full-scale  deflection  cunent  is  obtained:  £ - /tfk4A  . 

1.52  V - (2.50*  10  ' A )( 65.0  ft  + R)  and  * = 543X2. 

(bt  If  the  resistance  R = 2000  f - J—  L— 1.88mA. 


(cl  / - 


1.52  V 


55.0  ttt543ft~tf 


R0A  65.0  X2  + 54312  rtf 

|_52  V 

;md  R - - - 608  Cl . f or  each  value  of  / we  have: 


I 52\r 

For  / - . = 6.25  x 10  4 A . * = — 

4 1 6.25  * IQ  A 


-61^X2-1824X2. 


Par / 1.25x10  * A . * — — — 

2 1.25*10  * A 


- 6Q8  Cl  - 608  XI 


For  / - -/w  - I £75  x 10  1 A . * = i5-2V,  ■ 

4 1.875x10  'A 


- 608 Cl  - 203  il 


EVALUATE:  The  deflection  of  the  meter  iixrcascs  when  th:  resistance  Rt  decreases. 

IDF.VI1FY:  An  uncharged  capacitor  is  placed  into  a circuit.  Apply  the  loop  rule  at  each  time. 

SET  UP:  The  voltage  across  a capacitor  is  Vc  - q 1 C . 

Execute:  (a)  At  the  instant  th:  circuit  is  completed,  there  is  no  voltage  over  the  capacitor,  since  rt  has  no  charge 
stored. 

(b>  Since  V\  - 0 . the  full  battery  voltage  appears  across  the  resistor  V,  - £ - 125  V. 

(cl  There  is  no  charge  on  the  caparitor. 

£ 125  V 


(d>  The  cunent  through  the  resistor  is  / - 


<3.0167  A. 


R„a  7500  X2 

(e>  After  a long  time  has  passed  the  full  battery  voltage  is  across  the  capacitor  and  r - 0 . The  voltage  across  the 
capacitor  balances  the  cmf:  Vt  - 125  V.  The  voltage  across  the  resrster  is  zero.  The  capacitor**  chirge  is 
q _ CV(  = (4.60  * 10^  F)  (125  V)  = 5.75  * 10  4 C.  The  cunent  in  the  circuit  is  zero. 

EVALUATE:  The  current  in  the  circuit  starts  at  0.0167  A and  decays  to  zero.  Hie  charge  on  th:  capacitor  starts  at 
zero  and  rises  to  q - 5.75  xlO"4  C . 

IDENTIFY:  Hie  capacitor  discharges  exponentially  through  the  voltmeter.  Since  the  potential  ditTcrcnce  across 
the  capacitor  is  directly  proportional  to  the  charge  on  the  plates,  the  voltage  across  the  plates  decreases 
exponentially  with  the  same  time  ccaivtant  as  the  charge. 

SET  UP:  The  reading  of  the  voltmeter  obeys  the  equation  V • V^e  ‘ u . where  RC  is  the  time  constant. 

Execute:  (a)  Solving  for  C and  evaluating  the  result  when  / - 4.(10  s gives 

r 4.00  \ 


- 8.49  X 10  F 


(b>  r-  RC  - (3.40  x 10*  X2X849  * 10  9 F)  - 2 89  s 

EVALUATE:  In  most  laboratory  circuits,  time  constants  are  much  shorter  than  this  one. 

IDENTIFY:  For  a charging  capacitor  q>(0  = C£(l-c"  ')arxi  i(#>  — — 

R 

s»:r  UP;  The  lime  cumlanl  i%KC  - 10X95*  Iff  0X12.4  ■ 10  * F)  - 1 1.1  * 

Execute:  <a)  Ai  t = 0 t:  a - C£<\ -e"  ) = 0. 


26.40. 
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At  t - 5 s:  q -C£(l-e''  * ) = (12.4x10*  FX60.0  VMI  - e '“>=  2.70- 10*  C. 

At  ( -l0x:q  = C£{l-e ' " ) - (12.4 x 10 * FK 60.0  V*l -c'“a )-4.42xl0^  C. 

At  r - 20  %:  q -C£(l~c  ' * ) = (12.4*  10  ‘ FH60.0  V*l -e _ 6.21x  10  ' C. 
At  f-100*:fl-Cf<l-e‘*  > = 112.4*  10  * FX«0.0  VMI-c 744. 10*  C 
Ibl  The  current  at  time  t is  given  by:  i - Z—e  ' ‘ 

At  f-Os:i-  60(1  V e -6-70x10  ' A. 

8.95x10  12 


At  r - 5 s:  i = 


6)  0 V 


8.95*  I)'  n 
60.0  V 

At  r - 10  s:  / c 

8.95x10  12 


4.27*10  ’ A. 


" Jl  1 -2.27xlQ‘*  A 


At  r - 20 


60.0  V 


8.95x10  12 


1 1x10  A. 


At  r - 100  s:  i - ° V e ,w  “ 1 - 820*  10  \A 

8.95*10  12 

(c>  The  graph*  of  q(t)  and  iff ) are  given  in  Figure  26.40i  and  26  4Cfr 
EVALUATE:  The  charge  on  the  capacitor  increases  in  time  as  the  current  decreases. 


v(io  4C> 


f<IO  ' A) 


»<*« 


26.41.  IDEVI1EY:  The  capacitors.  whxh  are  in  parallel,  will  discharge  exponentially  through  the  resistors. 

SET  Up:  Since  V is  proportional  to  Q,  \ ' must  obey  th:  same  exponential  equation  a*  O. 

y-  Vq  r**c.  The  current  is  / - (V*/R)  e*K\ 

EXECUTE:  (a)  Solve  for  tune  when  the  potential  across  each  capacitor  is  10.0  V: 

/-  - RC  ln< y/Vo)  “ (80.012M35.0//F)lnna  45)-42l0/j*-4.21  ms 
<b>  / - (V*iR)  c lM Using  the  above  value*,  with  F0  - 45.0  V.  give*  / - 0.125  A. 

Kv All  ATE::  Since  the  current  and  the  potential  both  ofcev  the  umc  exponential  equation,  tlvy  are  both  reduced 
by  the  same  factor  (0.222)  in  4.21  m*. 

26.42.  IDENTIFY:  In  r - RC  use  the  equivalent  capacitance  of  the  two  capacitors. 

SET  Up:  For  caparitors  in  series.  — - + — . For  capacitors  m parallel.  - C,  + C\  . Originally. 


r- AC- 


EXECUTE:  (a)  The  combaned  capacitance  of  the  two  identical  capacitors  in  series  is  given  by  — — -f — . 


so  - i- . The  new  time  constant  is  thus  R(Ct  2)  - ■ * V*  *■  - 0.455  x 

(b)  With  tlu:  two  capacitors  in  pirallel  the  new  total  capacitance  r*  simply  2C.  Thus  the  time  constant  is 
Jt(2C)  - 2(0.870  s)  - 1 .74  s. 

EVALUATE:  The  time  constant  is  proportional  to  Cm  . For  capacitors  in  senes  the  caparitancc  is  decreased  and 
for  capacitors  in  parallel  the  capacitance  is  inereased. 
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26.43.  iDCNlin  anil  SET  UP:  Apply  the  loop  rule.  The  voltage  across  the  resistor  depends  on  the  current  through  it  and 
the  voltage  across  the  capacitor  depends  ixi  the  charge  on  its  plates. 

Execute:  €-Vt-Vt  -0 

€ ^ 120  V,  Vg  -JR^  (0.900  A H 80.0  12)  = 72  V.  so  \\  - 48  V 
Q-CV  -(4.00x  10  * F)|4S  V)-  192  /iC 

EV  ALUATE:  The  initial  charge  is  zero  and  the  final  charge  is  Cf  - 480  pC.  Since  current  is  flowing  at  the 
instant  considered  in  the  probVmi  the  capacitor  is  still  being  charged  and  its  charge  has  not  reached  its  Final  value. 

26.44.  IDENTIFY:  The  charge  is  increasing  while  the  cuncnt  is  decreasing.  Both  obey  exponential  equations,  but  they 
are  not  the  same  equation. 

SET  IP:  The  charge  obeys  the  equation  Q - QM{  I e ,BC).  but  the  equation  for  the  current  is  / - . 

Execute:  When  the  charge  has  reached  4 of  its  maximum  value,  wc  liavc  OtuJA  - {?,,*(  1 t | . which 
says  that  the  exponential  term  has  the  value  «• * • 4*  The  current  at  this  time  is  / - /„*£*  n • A**(3.4)  “ 

<34)1(10.0  VHI2.0n»|  -0.625  A 

Evaluate:  Notice  that  the  current  will  be  4-  not  t-  it*  maximum  value  when  th:  charge  is  4 of  its 
maximum.  Although  current  and  charge  both  obey  exponential  equations,  the  equaticois  have  different  farms  for  a 
charging  capacitor. 

26.45.  IDENTIFY:  The  stored  energy  is  proportional  to  the  square  of  the  charge  cm  the  capacitor,  so  it  will  obey  an 
exponential  equatxm.  hut  not  the  same  equation  as  the  charge. 

SET  l.P:  The  energy  stored  in  the  capacitor  is  6*  - Ot2C  and  th:  charge  on  the  plates  is  Q,%  vfU.  The  current  is 
/-/o*r,C. 

Execute:  v - (f  ac  - <0,  e'”y.2C  -u,e 

When  the  capacitor  has  lost  $0%  of  its  snored  energy,  the  energy  is  20%  of  th:  initial  energy,  w hich  is  6*5.  6ro'5  - 
U, e!"‘  give*  I - (RC'2)  In  5 - (25.0  121(4.62  pF»in  SV2  - 92.9  p». 

At  this  lime.  I lx-  cunrnl  « / - /,  c‘K  - «),RC)  r ,AC.  so 

I - (3.5  oC>'I(25.0  12*4.62  pF)]  »*" - | 3.6  A. 

EVALUATE:  When  th:  energy  reduced  by  80%,  neithrr  th:  current  nor  the  charge  are  reduced  by  that  percent. 

26.46.  IDENTIFY:  Both  the  charge  and  energy  decay  exponentially,  but  not  w ith  the  same  time  constant  since  the  energy 
is  proportional  to  the  square  of  the  charge. 

SET  UP:  The  charge  obeys  the  equaticei  Q-  Qb  e but  the  energy  obeys  the  equation 
V - fi*2C  - (ft  e **  V2C  - U0  e “ 

Execute:  (a)  The  charge  is  reduced  by  half:  ft  2 - ft  e * . This  gives 

/ - RC  In  2 - ( 1 75  OM 1 2.0  /i!r«ln  2)  - 1 .456  ms  - 1 .46  nw. 

<b>  The  energy  is  reduced  by*  hilf:  UJ2  - 6't  e This  gives 

/ - (RC • hi  2 >'2  - ( 1 .456  ins)  ‘2  - 0.728  ms. 

EVALUATE:  The  energy  decreases  faster  than  the  charge  because  it  is  proportional  to  the  square  of  the  charge. 

26.47.  IDENTIFY:  In  both  cases,  simplify  the  complicated  circuit  by  eliminating  the  appropriate  circuit  elements.  The 
potential  across  an  uncharged  capacitor  is  initially  zero,  so  it  behives  like  a short  circuit.  A fully  charged  epneitor 
allows  no  current  to  flow  through  if. 

<a)  SET  Up:  Just  after  closing  the  sw  itch,  the  uncharged  capacities  all  behave  like  short  circuits,  so  any  resistors 
in  parallel  with  them  are  eliminated  from  the  circuit. 

Execute:  The  equivalent  circuit  consists  of  50  12  and  25  12  in  parallel,  with  this  combination  in  senes  with 
75  Cl.  15  12.  and  the  100  V batten*.  The  equivalent  resistance  is  90 12  ♦ 16.7  12  - 106.7  12.  which  gives 
/ - ( 100  V>  ( 106.7  12)  - 0.937  A. 

<h)  SET  IT*:  Long  after  closing  the  switch,  the  capacitors  are  csscntully  charged  up  and  behave  like  open  circuits 
since  no  charge  can  flow  through  them.  They  effectively  eliminate  any  resistors  in  series  w ith  them  since  no 
current  can  flow*  through  these  resistors. 

EXECUTE:  The  equivalent  circuit  consists  of  resistances  of  75  12.  15  12.  and  three  25  12  resistors,  all  in  scries  with 
the  1C0  V batten*,  for  a total  resistance  of  165  12  Therefore  / - <100  V><  165  12)  - 0.606  A 

EVALUATE:  The  initial  and  final  behavior  of  the  circuit  can  be  calculated  quite  easily  using  simple  series -parallel 
circuit  analysis.  Intermediate  times  wxiuld  require  much  more  difficult  calculatiims! 

26.48.  IDENTIFY:  When  the  capacitor  is  fully  charged  the  voltage  V across  the  capacitor  equals  the  battery  cmf  and 

Q - CV . For  a charging  capacitor,  q - Q{  I ) . 


Set  Up:  lnc‘-x 
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Execute:  (a)  (?  = CF  ^ (5.90x  10  *F)(28.0V)  = 1.65x10  'c. 

— After 

CHI-IQ) 

-3x10  1 s 


fb)  i{  - Oil  -c'  * 1 . SO  e tM  - I - — and  R 

Q C lrK.I  - q O 


f -3x  10  ' s:R 


(5.90  x 1 Cl  txin(l-lll)  .'16511 


(c>  I f the  charge  is  to  be  99%  of  final  value:  — — (1  — c'#  :t£)  gives 
l = - RC  ln|l  - 9 0 - “ (463  H>  (5.90  x 10  * F)  kn(0 .0 1 ) = 0.0 1 26  x. 

Evaluate:  The  time  constant  is  r ■-  RC  - 2.73  ms . Tlic  time  in  part  <b)  is  a bit  more  than  one  time  constant  arxt 
the  time  in  pari  (c)  is  about  4.6  tmx  constants. 

26.49.  iDCVnFY:  For  cich  circuit  apply  tlx:  loop  rule  to  relate  the  voltages  across  tie  circuit  elements. 

<a.i  SET  Up:  With  the  switch  in  position  2 the  circuit  is  the  charging  circuit  shown  in  Figure  26.49a. 


Al  t - 0,  a - 0. 


Figure  26.49a 

EXECUTE:  The  chirge  q on  th:  capacitor  is  given  as  a function  of  time  by  IU|.(26.12): 

Q,  -C€  = (l.50*!0'*  F){18.0  V)  = 2.70x10"*  C. 

RC »(9S0 (2){  I.S0- 10  * F|-0.0I47s 

Thu*.*  f*0.0100 f = (2.70x10"*  flC. 


133  -8.87  V 

c C 1.50-10  ' F 
The  loop  rule  says  € — vc  — vt  = 0 
v*«£-vr  *18.0  V-8.87  V =9.13  V 

(cl  SET  Up:  Throwing  the  switch  back  to  position  1 pnxluees  the  dischargim;  circuit  shown  in  Figure  26.49b. 


The  initial  charge  0,  is  th: 
charge  calculated  in  part  (bl, 
0.  -133  xiC. 


Execute: 


- 8.8  i V.  the  same  as  just  before  tlic  switch  is  thrown.  Hut  now 


L M 


liOaiM  i.ii  ui1 


.50x10  F 

Yf  - Vg  = 0,  so  vM  = *v  - 8.87  V. 

<d>  SET  UP:  In  the  discharging  circuit  the  charge  on  th:  cxgiacitor  as  a function  of  time  is  given  by  Fq.(26.16): 
9a(?«* 

EXECUTE:  J?C  = 0.0147  s.  the  xanxas  in  part  (a).  Thus  at  /=0.0100s,^=<133/iC)cw,-v,v^  %,,=67.4 yiC. 

EVALUATE:  I - 10.0  ms  is  lew  than  one  time  constant,  so  ax  the  instant  denrnbed  in  part  (a)  the  capacitor  is  no* 
fully  charged;  its  voltage  (8.87  V)  is  less  thin  the  emf.  There  is  a c (urging  current  and  a voltage  drop  across  th: 
resisted.  In  the  discharging  circuit  the  voltage  across  the  caparitor  starts  at  8.87  V and  decreases.  After  t - 10.0  ms 
it  has  decreased  to  vf  = qSC  = 4.49  V. 

26.50.  IDENTIFY:  P-y/-l‘R 

SET  Up:  Problem  25.77  says  that  for  12-gauge  wire  th:  maximum  safe  current  is  2.5  A. 

Execute:  (a)  / - L - 1 7. 1 A.  So  wc  need  at  least  1 4 gauge  wire  < good  up  to  1 8 A».  1 2 gauge  is  also 

ok  (good  up  to  25  A). 


26-  IS 


Chapter  >6 


r 4ioo w 

(c>Al  lie  per  kWII,  for  I hour  the  cad  is  (I  UkWhXI  h)(4.1  kW>  - 45e  . 

EVALUATE:  The  cast  lo  operate  the  d:\icc  is  proportional  to  its  power  consumption. 

IDENTIFY  and  SET  UP:  The  heater  and  hair  dryer  arc  in  parallel  so  the  voltage  arross  each  is  120  V and  tlic 
current  through  the  fuse  is  the  sum  of  the  currents  through  each  appliance.  As  the  power  consumed  by  th:  dryer 
increases  the  current  through  it  increases.  The  maximum  power  setting  is  the  highest  one  for  which  the  current 
through  the  fuse  is  less  than  20  A. 

EXECUTE:  Find  the  current  through  lb:  heater.  P ■ Vi  so  / - Pf  V =1500  W/120  V - 1 2.5  A.  The  maximum 
total  current  allowed  is  20  /V  so  the  current  through  the  dryer  must  be  less  than  20  A - 125  A = 7.5  A The  power 
dissipated  by  the  dryer  if  the  current  has  this  value  is  P = 17  =(120  Vr||7.5  A)  = 900  \V.  For  Pat  this  value  or 
larger  the  circuit  breaker  tnps. 

EVALUATE:  P - V * l R and  for  the  dryer  V is  a constant  120  V.  The  higher  power  settings  correspond  to  a 

smaller  resistance  R and  larger  current  through  the  device. 

IDENTIFY:  The  current  gets  split  evenly  between  all  the  parallel  bulbs. 

SET  IP:  A single  bulb  will  draw  / - — - ^1-lL  - 0.75  A . 

V 120  V 


Execute:  N umber  of  bulbs  i 


5.75  A 


- 26.7.  So  vou  can  attach  26  bulbs  safely. 


EVALUATE:  In  parallel  the  voltage  across  each  bulb  is  lb:  circuit  voltage. 

IDENTIFY  and  Sf:t  Up:  Ohm's  law  and  liq.t25.IS)  can  be  used  »o  cakuhtc  / and  /'  given  Fand  R Use  Eq.(25.12) 
to  calculate  the  resistance  at  the  higher  temperature. 

(a)  KXEClTl:  When  the  foratcr  element  is  first  turned  on  it  is  at  room  temperature  and  has  resistance  R - 20  f). 

. V 120  V 
R 20  n 

,,H_i!£lL,20XV 

R 20  n 

(b>  Find  the  resistance  /?<  7)  of  the  clement  at  the  operating  temperature  of  280*0. 

Take  T,  = 23.0’C  and  Rt  = 20  Cl  IUi.f25.12)  gives 


*{r)*j?,(Ua(r-7;))=  2on(i+|2.sxio  *(c-) ')( 


280°C- 23.0*01  = 34.4  ft. 


f V 120  V 

~ 34.4  a 


P‘T 


v*  (i2o  vy 


54.4  a 


120  W 


EVALUATE:  When  the  temperature  increases.  R increases  and  / and  /*  decrease.  The  changes  are  substantial. 

(a)  IDENTIFY:  Two  of  the  resistors  in  series  would  each  dissipate  on:  half  the  total,  or  1.2  W.  which  is  ok.  But 
the  scries  combination  would  have  on  equivalent  resistance  of  800  iX  not  the  400  fi  float  rs  required.  Resistors  in 
paralkrl  have  an  equivalent  resistance  that  is  less  than  that  of  the  indiv  idual  resistors,  so  a solution  is  two  in  senes 
in  parallel  with  another  two  in  scries. 

SET  IP:  The  network  can  be  simplified  as  shown  m Figure  26.54a. 


R-4CI511  R 


Kpi-rn 


Figure  26.54a 

EXECUTE:  Rk  is  the  resistance  equiv  alent  to  two  of  the  4CO  il  resistors  in  senes.  R%  = R + R = 800  Cl.  R^  is 

the  resistaixe  equivalent  to  the  two  Rx  = 800  Cl  resistors  in  parallel:  - 1 - — ; ^ - 400  Cl. 

EVALU  ATE:  This  combination  docs  have  the  required  400  O equivalent  resistance.  It  will  be  shown  in  part  (b) 
tliat  a total  of  2.4  \V  can  be  dissipated  w ithout  exceed  me  the  power  rating  of  each  individual  resistor. 
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26.55. 


iDEVnn  : Another  solutitxi  is  two  resistors  in  paralkrl  m series  with  two  mixv  in  parallel. 
SET  Up:  The  network  can  be  simplified  as  shown  xn  Figure  26.54b. 
ft-  400 n * 


-m 


EVALUATE:  This  combination  has  the  required  400 12  equivalent  resistance  It  will  be  shown  in  part  tb)  that  a 
total  of  2.4  W can  be  dissipated  without  exceeding  the  power  rating  of  each  individual  resistor. 

(b>  IDENTIFY  and  Set  l>:  Find  the  applied  voltage  V*>  sixh  that  a total  of  2.4  W is  dissipated  and  then  for  this 
find  the  power  dissipated  by  each  resistor. 

EXECUTE:  For  a combination  with  equivalent  resistance  Rt%  - 400  f2  to  dissipate  2.4  W the  voltage  Y+  applied 
to  the  network  must  tv  given  by  P - V+tR^  so  Vu%  - jPR„  - ^2.4  W)|400  Q)  - 31.0  V and  the  current  through 
the  equivalent  resistaixe  is  / - ft  - 51.0  V/400  Q - 0.0775  A.  For  the  first  combination  this  means  31.0  V 
across  each  parallel  branch  arxl  T(  31.0  V’)  - 15.5  V across  each  4(X)  12  resistor.  The  power  dissipated  by  each 
individual  resistor  is  then  P = V2  fR  = (1 5.5  V )* 400  f2  = 0.60  W.  which  is  less  than  the  maximum  allow'cd  value 
of  1 .20  W.  For  the  second  combination  this  means  a voltage  of  /ft(  - (0.0775  A)(200  f2)  - 15.5  V across  each 
parallel  combination  and  hcncc  across  each  separate  resistor.  The  power  dissipated  by  each  resistor  is  again 
P= V‘ ! R = ( 1 5.5  V f 1 4000  = 0.60  W.  which  u lew  lhan  ihe  maximum  allowed  value  of  1.20  W. 

Evaluate:  The  symmetry  of  each  network  says  that  each  resistor  in  the  network  dissipates  the  same  power.  So. 
for  a total  of  2.4  W dissipated  by  the  network,  each  resistor  dissipates  (2.4  W)/4  - 0.60  W.  which  agrees  with  the 
above  analysis. 

IDENTIFY:  The  Cu  and  Ni  cables  arc  in  parallel.  For  each,  ft  - 

SET  Up:  The  composite  cable  is  sketched  in  Figure  26.55.  The  cross  sectional  area  of  the  mckcl  segment  is  xa1 
and  the  area  of  the  copper  portion  is  x{b * -o’).  For  nickel  />-7.8x  10  * f2-m  and  for  copper  /?-  1.72x10  * f2  m. 

L 


•At*,  m : 


— pJ** A - Pm—t  and  -Au^  = A. 


ii 


T(6‘  -u*  > 


— . Therefore.. 


I .t^i*  x{b'  - a * > 

Pr»L  PiJ- 


J_  = I *L*£lltL  <0.050  m,  ^ .0.100  mr-  <0.050  mr  aadJ^.IMxl0-n.13.Ml 

RM  /-  l\.  Pr.  20m  7.8x10' 12  m 1.72x10' 12  m 


L L . .t h:  R *(0.10  m)' (13.6x10-12)  ,,, 

\h)  K-pM—~  />.„  — — . Thu  give*  P', 2.14.10  12  m 

A xtf  L J • m 


EVALUATE:  The  effective  resistivity  of  the  cable  is  about  25%  larger  than  the  resistivity  of  copper.  If  rockcl  had 
infinite  resitivity  and  only  the  copper  portion  conducted,  the  resistance  of  the  cable  would  be  14.6  iL 2 . which  is 
not  much  larger  than  the  resistance  calculated  in  part  (a). 
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26.56. 


26.57. 


26.58. 


26.59. 


iDKVnFY  and  SET  IK  Lei  R - 1 .00  12.  the  resistance  of  one  wire.  Each  half  of  the  wire  h as 
Rt  - R '2  - 0.500  12  The  combined  wires  are  the  same  as  a resistor  network,  l.'sc  the  rules  for  equivalent 
resistance  for  resistors  in  scraps  and  pirallcl  to  find  the  resistance  of  the  rvtwork.  as  shown  in  Figure  26.56. 
Execute: 


*h 


Figure  2636 


The  equivalent  resistance  is  Rt>  + R%  f 2 •+  * SRk  /2  -ij 0.500  12)-  1 .25  12 

EVALUATE:  If  the  two  wares  were  connected  end-to-end.  the  total  resistance  would  be  2.00  O.  If  they  were 
joined  side-by-side.  the  total  resistance  would  be  0.500  O.  Our  answer  is  between  these  two  limiting  values. 
IDENTIFY:  The  terminal  voltage  of  the  battery  depends  on  th:  current  through  it  and  therefore  on  the  equivalent 
resistaixe  connected  to  it.  The  power  delivered  to  each  bulb  is  P - PR  . w here  / is  the  current  threnigh  it. 

Set  UP:  The  terminal  voltage  of  the  source  is  £ - Ir  . 

Execute:  (a)  The  equivalent  resistance  of  the  two  bulbs  is  I Ofl  This  equivalent  resistanre  is  in  senes  w ith  the 

V 8.0  V 

internal  resistance  of  the  source,  so  the  current  through  the  battery  is  / ■ 4.4  A and  th: 

i.on  + o.son 

current  through  each  bulb  is  2.2  A.  The  voltage  applied  to  each  bulb  is  £ - /r  - 8.0  V - (4.4  AH0  800)  = 4.4  V . 
Therefore.  Ptm%  = !'R  = (2.2  A)*<2.0  O)  =9.7  W . 


(b>  If  one  bulb  bums  out.  then  / - 


2.9  A. . The  current  through  the  remaininu  bulb  is 


tfk41  2.0  0 + 080  O 

2.9  A.  and  P-  J*R  - (2.9  A y (2.012)  - 16.3  W . The  remaining  bulb  k brighter  than  before,  because  « is 
consuming  more  power. 

E VALLATE:  In  li.\air$ilc  26.2  the  internal  resistance  of  the  source  is  negligible  and  the  brightness  of  the 

remaining  bulb  doesn't  change  when  one  bums  out. 

IDENTIFY:  Half  the  cuncnt  flows  through  c>:h  parallel  resistor  and  th:  lull  current  flows  through  the  third  resistor, 
that  is  in  sctxs  with  the  puralkrl  combination.  Ibcrcfcve*  only  the  series  resistor  will  be  at  its  maximum  power. 

Setup:  P-!:R 

Execute:  The  maximum  allowed  power  is  when  the  total  current  is  the  maximum  allowed  value  of 
/ - Jp>R  _ ^36  W 2.4  12  - 3.9  A.  Then  half  the  current  flows  threnigh  the  parallel  resistors  and  the  maximum 
power  is  P^K  - (/>2):R  + (// 2)1  R + t'R  - $/2R - 4(3.9  A)J(2.4  12>  = 54  W. 

EVALUATE:  If  all  three  resistors  w ere  in  series  or  all  three  were  in  parallel,  then  the  maximum  powcT  would  be 
3(36  W)  - 108  W . For  the  network  in  this  problem,  th:  maximum  power  is  hilf  this  value. 

IDENTIFY:  The  ohmnxlcr  reads  the  equivalent  resistance  between  points  a and  b.  Replace  series  and  parallel 
combinations  bv  their  equivalent. 


SET  Up:  For  resistors  in  parallel. + — . For  resistor*  in  series.  R ^ - Rx  + R3 

R^  Rt  R: 

EXECUTE:  Circuit  (a):  Tlic  75.0  12  and  40.0  12  resistors  are  in  parallel  and  have  equivalent  resistance  26.09  12  . 
The  25.0  O and  50.0  O resistors  are  in  parallel  and  have  an  equivalent  resistance  of  16.67  12  . The  equivalent 


network  is  given  in  Figure  26.59a. + .so  R - 18.7  fi 

R „ 100.012  23.0512  * 
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Circuit  (b):  The  30.00  and  45.00  resistors  are  in  parallel  and  have  equivalent  resistance  I R. 00.  The 

equivalent  network  is  given  in  Figure  26.59b.  — ,so  /L  - 7.5  O . 

M R„t  10.00  30.30 


Figure  26.59b 


Evaluate:  In  circuit  (a>  the  resistance  along  one  path  between  u anti  h is  100.0  O . but  that  is  not  the  equivalent 
rcsixtaixc  between  these  points.  A similar  comment  can  be  made  about  circuit  (b). 

26.60.  iDKVnn : Heat,  which  is  generated  in  the  resistor,  melts  th:  ice. 

SET  UP:  Find  the  rate  at  which  beat  is  generated  in  the  20.0  ft  resistor  using  P - V'i R.  Then  use  the  heat  of 
fusion  of  ice  to  find  the  rate  at  which  the  ice  melts.  The  heat  dH  to  meh  a mass  of  ice  dm  is  dH  - Lt  dm,  where  /., 
is  the  latent  heat  of  fusion.  The  rale  at  which  beat  enters  th:  ice.  difdt . is  the  power  /*  in  the  resistor,  so  P - It 
dm  dr  Therefore  Ihe  rate  of  melting  of  the  ice  is  dm'dt  - /.’It. 

Execute:  The  equivalent  resistance  of  the  parallel  branch  is  5.00  ft.  so  th:  total  resistance  in  tie  circuit  k 35.0  ft. 
Therefore  the  total  current  in  the  circuit  is  /y<44,  - 145.0  V)  (35.0  ft>  - 1.286  A.  Th:  potential  ditTcrencc  across 
the  20.0*ft  resistor  in  the  icc  is  th:  same  as  the  potential  dilTcrence  across  the  parallel  branch:  m 

( 1 .286  A)(S.OO  12)  - 6.429  V.  The  rale  of  heating  of  the  ice  is  P„  - Vj/R  - (6.429  V»V(20.0  fi  l - 2.066  W.  This 
power  goes  into  to  heat  to  meh  the  ice.  so 

dm)dt  - PL,  - (2.066  W||JJ4  « 10'  J'kg> -6.19-  10'  leg's  - 6.19  x 10  * g/s 
EVALUATE:  The  melt  rate  is  about  6 mg  s.  which  is  not  much.  It  would  take  1000  s to  melt  jus*  6 g of  iee. 

26.61.  IDEVHFY:  Apply  the  junction  rule  to  express  the  currents  through  the  5.(Xl  ft  and  8.00  ft  resistors  in  terms  of 
/,,/*  and  / ,.  Apply  th:  loop  rule  to  three  loops  to  get  three  equations  in  the  three  unknown  currents. 

SET  IP:  The  circuit  is  sketched  in  Figure  26.6 1 . 


5.00 n ROOD 


100  ft 

Figure  26.61 


The  current  in  each  branch  has  been  written  in  terms  of  /,./;  and  /;  such  that  the  junction  rule  is  satisfied  at  each 
junction  point. 

EXECUTE:  Apply  th:  loop  rule  to  loop  < 1 ). 

-12.0V-f/J(l.fl0n)+(/J-/fcK5.00ft)  = 0 
A 1 6.(00  ft)  - 7,15.00  ft)  = 12.0  V eq.(l) 
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26.63. 


Apply  the  loop  ruk  to  loop  (2). 

-/,  ( i oo  n) + 9.oo  v -( /,  + /a  )(s.oo  n ) = o 

/,(9.00  12)4  7,(8.00  12)^9.00  V cq<2) 

Apply  Ibe  loop  ruW  lo  loop  (3). 

(io.o  n ) - 9.00  v , / 1 1 .oo  n ) - /,( i .10  n ) - 1 2.0  v - 0 
1 1 .00  n) » A ( I .M  n) . /,  ( 1 0.0 11)  - 3.00  V cq.<31 

Eq(  \)  give*  l:  * 2.00  Ati/,;  cq.(2)  givxrx  /,  - 1.00  A -f /, 

Using  these  results  in  cq.(3 > gives  -(  1 .00  A - |(  1 .00  12)  * ( 2.00  A - */, )( 1 .00  12  1 4 /,( 10.0  12)  ^ 3.00  V 

| U >V  “ |7,  =2.00  A:  /,  -^-(2.00  A)  = 0.171  A 

Then  /3  - 2.<Xt  A 4 i/,  « 2.00  A *-2(0.171  A)- 2.14  A and  /,  -1.00  A-i/,  -I.X  A -2(0.171  A)-  0.848  A. 
EVALUATE:  We  could  check  that  the  loop  rule  is  satisfied  for  a Icop  that  goes  through  the  5.00  11  8.00  12  and 
10.012  resistors.  Gtxng  around  the  laipclockwi.se:  /J(S.O)  12)4(7,  4/,  1(8.0012)4/^10.0  12)- 

-9.85  Vf  * 8. 1 5 V 4 1 .7 1 V,  which  docs  equal  zero,  apart  from  rounding. 

IDENTIFY:  Apply  the  junction  rule  and  th:  loap  role  to  th:  circuit. 

SET  UP:  because  of  the  polarity  of  each  cmf  the  current  in  the  7.00 12  resistor  must  be  in  the  dirccticoi  shown  in 
Figure  26.62a.  Lei  / be  the  current  in  the  24.0  V battery. 

EXECUTE:  The  loop  role  applied  to  loop <1 ) gives:  r24.0  V - (1.80  A#  7.00 12) - 7(3.00 12)  = 0 . / = 3.80  A . The 
junction  rule  thro  says  that  the  current  xn  the  middle  branch  is  2.CO  A.  as  shown  in  Figure  26.62b.  The  loop  rule 
applied  to  loop  (2»  giscs:  4**  - (1 .80  A)<7.00  12>  4 (2.00  A 1(2.00  12 ) - 0 and  £ = 8.6  V . 

Evaluate:  We  can  check  our  results  by  applying  the  loop  rule  to  loop  (3)  xn  Figure  26.62b: 

t24.0  V - £ -(2.00  A) 2.00  12)  - (3.80  A)  3 00  12 1 - 0 and  £ = 24.0  V - 4.0  V - 1 1 .4  V = 8.6  V . which  agrees 

with  our  result  from  lextp  (2l. 


(a)  <b) 

Figure  26.62 


IDENTIFY  and  Sf:t  UP:  The  circuit  is  sketched  in  Figure  26.63 


2)0  V 


50)11 


Two  unknown  currents  /,  (through  the  2.1X112 
resistor » and  A l through  the  5.0012  resistor) 
are  labeled  on  the  circuit  diagram.  The  current 
through  the  4.00  12  resistor  has  been  written  as 
Jx  - /,  using  the  junction  rule. 


2.00  If 


40)11 


UOV 


Apply  the  loop  rule  to  loops  ( 1 ) and  (2)  to  get  two  equations  for  the  unknown  currents.  / and  l>.  Loop  (3)  can 
then  be  used  to  check  the  results. 
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EXECUTE:  loop  ( 1 ):  +20.0  V - /,  [2.00  Cl) - 1 4.0  V * ( Jt  - / )( 4.00 O)  - 0 

6 00/,  - 400/,  - 6.00  A 


26.6J. 


26.65. 


3 00/,  - 2.00/>  - 3.00  A cq.(  I ) 

kn>p  ay.  *36.0  v - /, (5.00  n) -(/*-/, )(4.oo  n)  so 

-4.00/,  +9.00/,  ^ 36.0  A cq.<2) 

Solving  cq.  ( l > for  /,  give*  /,  - 1.00  A + ^7, 

Usang  this  in  cq.<2)  give*  -4.00(1.00  A + t/j  >*9.00/,  - 360  A 
(-•  + 9.00)/^  -400  A and  /,  ^6.32  A. 

Then  /,  =1.00  A + = 1-00  A +|{6.32  A)  =5.21  A. 

In  summary  then 

Current  through  the  2.00  Cl  resistor:  /,  - 5.21  A. 

Current  through  the  500  0 resistor:  ti  -6.32  A. 

Current  through  the  4.00  Cl  resistor.  /;  - / - 6.32  A -5.21  A - 1. 1 1 A. 

Evaluate:  Use  kicp  (3)  to  check,  +20.0  V-  / (2.00  Cl)-  140  V + 36.0  V- ^(500  H)*0 

(5.21  A)(2.0)  Cl) + (6.32  A)(5.0O  Cl 42.0  V 

10.4  V + 31.6  V = 42.0  V,  so  the  loop  rule  is  satisfied  for  this  loop. 

iDEVnn  : Apply  the  loop  and  Junction  rules. 

SET  IJP:  Use  the  currents  is  defined  cm  the  circuit  diagram  in  figure  26.64  and  obtain  three  equations  to  solve  tor 
the  cuncnts. 

Execute:  Left  loop:  14-/, -2</, -/.)-0  and  3/,-2/^U. 

Top  loop:  -2</  - /,)+/,  + /,  - 0 and  -2/  r 3/,  + /,  = 0. 

Bottom  loop :-(/  - J,  + /,)+  2< /,-/,)-/,-  0 and  -/ + 3/,  - 4/.  ^ 0. 


Solving  these  equations  tor  the  currents  we  tind:  / - /,-w  - 10.0  A;  / 


6.0  A;  /, 


So  the  other  currents  arc: 


4.0  A:/ 


W.-40A;/a=/- 


EVALLATE:  It  isn’t  possible  to  simplify  the  resistor  txtwork  using  tl>:  rules  for  resistors  in  series  and  parallel. 
But  the  equivalent  rcsistanre  is  still  defined  by  V - //^ . 


Figure  26.64 


<a)  IDENTIFY:  Break  the  circuit  between  points  a and  h means  no  current  in  the  middle  branch  tint  contains  the 
3.00  Cl  resistor  and  the  10.0  V batten1.  The  circuit  therefore  his  a single  current  path,  find  the  cuncnt.  so  that 
potential  drops  across  the  resistors  can  he  calculated  Calculate  by  trav  eling  from  a to  b.  keeping  track  of  the 
potential  changes  along  the  path  taken. 


26-24  Chapter  2* 


SET  IP:  The  circuit  is  sketched  in  Figure  26.65a. 


EXECUTE:  Apply  the  loop  rule  to  loop  < 1 ). 

+i2.o  v- /(too  ft+ 2.00  0+2.000+1.00  ft)-a.o  v-/(2.oon+i.oon)*o 


12.0  V-8.0  V 


- 0.4444  A. 


9.oo  q 

To  find  1^  start  at  point  t>  and  travel  to  a.  adding  up  the  potential  rise*  and  drop*.  Travel  on  path  (2)  shown  on 
the  diagram.  The  1.00  ft  and  3 .00  ft  resistor*  in  the  middle  branch  have  no  current  through  them  and  hence  no 
v ullage  arrow  Ihcm.  Therefore.  V,  - 10.0  V - 12.0  V -/(I.00 11>  1.00  11-  2.00111  = V.\  thu* 

V - »;  = 2.0  V -(0.4444  A)(4.00  H)  - *0.22  V (poinl  .r  i*  al  higher  potential) 

Evaluate:  As  a check  on  this  calculation  we  also  compute  by  traveling  from  h to  a an  path  (3). 

V - 10.0  V + S.O  V + /( 2.00  ft  + 1 .00  ft  + 2.00  ft)  - V 


V+  ^ -2.00  V + (0.4444  A )(5.CO  ft)  ^ +0.22  V.  which  cheeks. 

<1>)  IDENTIFY  and  Set  Up:  With  points  a and  h connected  by  a wire  there  arc  three  current  branches,  as  shown  in 
Figure  26.65b. 


The  junction  rule  has  been  used  to  WTite  the  third  current  < in  the  8.0  V battery  I xn  terms  of  the  other  currents.  Apply 
the  loop  rule  to  loops  1 1 ) and  (2)  to  obtain  two  equations  for  the  two  unknowns  / and  /5. 

Execute:  Apply  tlx  l«ip  rule  to  loop  < 1 ). 

12.0  V-/,(l.OO  £l)-/,(2O0  (!)-/.( 1.00 11)- 10.0  V - /,(3.00  Jl) -/,(!. (HO  H)-  0 

2.0  V - /,(4.00  fl|  - /,  ( 4.00  11)  = 0 

(2.00 11)/, -.(2.0011)/,=  1.0  V rq(  I) 

Apply  the  loop  ruV:  to  loop  (2). 

— { /,  — /, H 2-00  !!)-(/,  —/;)(! .00 11 1 — B.O  V -(/,-/,)( 2.00  11 )+/,  (3.00  H)  + 10.0  V - /.(l.<0 11) - 0 

2.0  V-(5.00n)/,  -.(9.00 11)/,  =0  cq.(2) 
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26.66. 


26.67. 


Solve  cq.(l)  for  A.  and  use  this  to  rcplare  /%  in  cq.{2). 

/>  = 030  A - /, 

2.0  V - (5.00  O)/,  f (9.00  O H 0.50  A - /j ) a 0 

(14.0 n|/,  =6.50  V so  /,  =(6.50  V)/(I4.0  O)  = 0.464  A 
/,  = 0300  A -0.464  A = 0.056  A. 

The  current  in  the  12.0  V Kitten-  is  /,  - 0.464  A. 

EVALUATE:  We  can  apply  the  loop  rule  to  loop  (3>  at  a check. 

+12.0  V-/, (1. 00  0 + 2.00  0+l.(X)0)-</l-/>X2.00  0^1.<mif2.CflO)-8.0V  = 4.0  V-I.K6  V -2.14  V = 0. 
as  it  should. 

IDEYHEV:  Simplity  the  resistor  networks  as  much  as  passible  using  th:  rule  for  series  and  parallel  combinations 
of  resistors.  Then  apply  KirrhhofT s laws. 

Se:t  Up:  First  do  the  series' jmtuI lei  reduction.  Tins  gives  the  circuit  in  Figure  26.66.  The  rate  at  which  the 

10.0  O resistor  gen^ates  thermal  energy  is  P*I‘R  . 

EXECUTE:  Apply  KiichhofTs  laws  and  solve  for  £ . &VM  =0: -(20OH2  A) -5  V -(20  O)/.  - 0. 

This  gives  /%  - - 2.25  A Then  / + !i  = 2 A gives  /,  = 2 A - (-2.25  A)  = 4.25  A . 

A KT  v « a (1 5 OK4.25  A)  + £ - (20  OX-2.25  A)  = 0 . Thrt  gives  £ = -109  V . Since  £ is  calculated  to  he 
negative,  its  polarity  should  be  reversed. 

<bl  The  parallel  n^vrork  that  contains  the  10.00  resistor  in  one  branch  h«  an  equivalent  resistance  of  10  O . The 
voltage  across  each  branch  of  the  parallel  network  is  Vfm  = R!  = (10  OX2A I = 20  V . The  cuncnt  in  the  upper 

branch  is  / - £ _ ii!JL  - - A . Pi  ^ E . so  /'  Pi  - E . where  £-60.0  J.  (iA)\lOClV  =60.1 . and  f-13.5*. 
i\  30 12  3 

EVALUATE:  For  the  10.0  O resistor.  P = f3R  = 4.44  W . The  total  rate  at  which  eloctncal  ercrgy  is  inputed  »o 
the  circuit  in  the  emf  is  (5.0  VK2.0  A)  + (10?  V)(4.25  A)  - 473  J . Only  a small  fraction  of  the  energy  is  dissipated 
in  the  10.0  0 resistor. 


2011 


IDENTIFY:  In  Figure  26.67,  posits  a and  <*  are  at  the  same  potential  and  points  <i  and  h are  at  th:  same  potential, 
so  we  can  calculate  V+  by  calculating  VtJ.  We  know  the  current  through  the  resistor  that  is  between  points  c and 
J.  W'c  thus  can  calculate  the  terminal  voltage  of  the  24.0  V battery-  without  calculating  the  current  through  it. 

Sit  Up: 


fx  00706  A 


ymti 


Execute:  V + / (lo.o  o» + 12.0  v - r 


v -Vj  = 12.7  v;  r -r;  = v -yJ  = 12.7  v 

EVALUATE:  The  vohage  across  each  parallel  hrjnch  must  he  the  san*:.  The  current  through  the  24.0  V battery 
must  be  1 24.0  V-12.7  V),’(l0.0  4i)  — 1.13  A in  the  direction  »>  to  a. 


26-26  diopter  26 


26.68.  IDENTIFY:  The  current  through  the  40.0  O resistor  equals  Ihc  current  through  the  cmf.  and  the  current  through 
each  of  the  other  resistors  is  less  than  or  equal  to  thi*.  current.  So,  set  P^  = 1.00  W and  use  this  to  solve  6>r  the 
current  / through  tlx  cmf.  It  P*  = 1.00  W . then  P for  each  of  the  other  resistors  is  less  thin  1 .00  W. 

SET  UP:  Use  the  equivalent  remittance  for  series  and  parallel  combinations  to  simplify  the  circuit. 

Execute:  JR  = P gives  /5(40H)  = 1 W . and  / - 0.15S  A . Now  use  series  parallel  reduction  to  simplify  the 

circuit.  The  upper  parallel  branch  is  6.3R O and  the  lower  one  is  25  fl . The  series  sum  is  now  126  O . Ohm's  law 
gives  £ = (126  0)0. 15S  A)  - 19.9  V . 

EVALUATE:  The  power  input  front  the  emf  is  27  - 3.14  W . so  nearly  ocx*  third  of  the  total  power  is  dissipated  in 
the  40.00  resistor. 

26.69.  IDEVTOY  and  SET  UP:  Simplify  the  circuit  by  replacing  the  pirollel  networks  of  rcsisior*  by  their  equivalents.  In 
this  simplified  circuit  apply  the  loop  and  junction  rules  to  find  the  current  in  each  branch. 

EXECUTE:  The  20.0-0  and  30.0-0  resistors  are  in  parallel  an:!  hive  equivalent  resistance  12.0  O.  The  two 
resistors  R arc  in  parallel  and  have  equivalent  resistance  R/2.  The  circuit  is  equivalent  to  the  circuit  sketched  m 
Figure  26.69. 


<a)  Calculate  by  traveling  alcmg  the  branch  thit  contains  the  20.0  V battery,  siixe  we  know  the  current  m that 
branch. 

P -(5.1X1  A H 12.0  (2) -(5.00  A)(  18.0 12) -20.0  V = K 
V -V  * 20.0  V + 90.0  V ♦ 60.0  V = 1 70.0  V 
*;-r,  =1^=160  v 

.V  - Vi  = 170.0  V so  X*  186.0  V.  with  the  upper  terminal  + 

(b)  /,  = {16.0  V)/(80 12)  = 2.00  A 


26.70. 


The  junction  rule  implied  to  point  a gives  /.  -f  /,  = 5.00  A.  so  = 3.00  A.  The  current  through  the  200.0  V buttery 
is  in  tlx  direction  from  tlx  - to  the  + terminal,  as  shown  in  the  diagram. 

<c>  200.0  V - />  ( Rf  2)  = 1 70.0  V 
(3.1X1  A |( Rf 2)  = 30.0  Vsoff  = 20.0  * i 


EVALUATE:  We  can  check  the  k»op  rule  by  going  clockwise  around  the  outer  circuit  loop.  This  gives 
*t20.0  V * ( 5.00  A )( I S.O  f2  + 12.0  n)  + ( 3.00  A )( 1 0.0  ft)  - 200.0  V - 20.0  V 1-  1 50.0  V + 30.0  V - 200.0  V, 


which  does  equal  zero. 

V* 

Identify:  /* 


SET  Up:  Let  R be  the  resisianee  of  each  resistor. 


Execute:  W hen  the  resistors  are  in  series.  R 


» 

3 R And  Pk  - When  the  resistors  are  in  parallel.  R^  - Rf  3 - 


V’  V 

/;= 3 — -9Pt  = 9(27  W)=243  W. 

R f 3 R 

EVALUATE:  In  parallel,  the  voltage  across  each  resistor  is  the  full  applied  voltage  V.  In  scries,  the  voltage  across 
each  resistor  is  V V3and  each  resistor  dissipates  less  power. 
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26.71. 


26.72. 


26.73. 


IDENTIFY  and  Set  Up:  For  part  (at  use  that  the  full  cmf  is  across  each  render.  In  part  (b>.  calculate  tlic  power 
dissipated  by  the  equivalent  resistance.  and  in  this  expression  express  ft  and  ft.  in  terms  of  /j.  P.  and  £. 

Execute:  P,  ■ S' I R,^oR-  S'  / P, 

P.  ‘S'. ‘ft.  io R:*S‘!P. 

(a)  When  the  resistors  are  connected  m parallel  to  the  emt*.  the  voltage  across  each  resistor  is  E and  the  power 
dissipated  by  each  resistor  is  the  same  as  if  only  the  one  resistor  were  connected.  Pk4  - P + P:. 

|b>  When  the  resistors  are  connected  in  series  the  equivalent  resistance  is  R ^ - ft  -♦  ft 

s'  s'  pp 


I . 


r -r^TTFTFTp.  p.rp 


i 


EVALVATE:  T he  result  m part  (b)  can  be  wntten  as  — . Our  results  arc  that  tor  parallel  the  powers  add 

ind  that  for  series  the  reciprocals  of  the  power  add  This  is  opposite  the  result  for  combining  resistance.  Since 
P ■ El  fR  tells  us  that  P is  proportional  to  1/ft  this  makes  sense. 

IDENTIFY  and  SET  Up:  Just  after  the  switch  is  closed  the  charge  on  the  capacitor  is  zero,  the  voltage  across  the 
capacitor  is  zero  and  tlx  capacitor  can  be  replaced  by  a wire  in  analyzing  the  circuit.  After  a loQg  time  the  current 
to  tlx  capacitor  is  zero,  so  the  current  through  R,  is  zero.  After  a long  tinx  tlx  capacitor  can  he  replaced  by  a break 
in  the  circuit. 

Execute:  (a)  Ignoring  the  capacitor  for  the  monxnt.  the  equivalent  resistance  of  the  two  parallel  resistors  is 

; R - 2.0012 . In  the  absence  of  the  capacitor,  the  total  current  in  the  circuit  (the 


ft,  6.00  £2  3.0012  6.0012 
current  through  tlx  K.OO  12  resistor)  would  be  / 


42.0  V 


- 420  A . of  which  2/3 , or  2.80  A.  would 


R 8.0012*2.0012 

go  through  the  3.0012  resistor  and  1/3  . or  1.40  A.  would  go  through  the  6.00  *2  resistor.  Since  the  current 
through  the  capacitor  is  given  by  t - — c .at  the  instant  / - 0 tlx  circuit  behaves  as  through  the  capacitor  were 
not  present.  >o  the  currents  through  the  various  resistors  are  ax  calculated  above. 

IbF  Once  the  capacitor  is  fully  charged,  no  cunent  flows  through  that  part  of  the  circuit.  The  8.<Xl  12  and  the 
6.00 12  resistors  are  now  in  series.  and  the  current  through  them  is  i - E/R  - (42.0  V)/(8d0 12  ♦ 6.00 12 1 - 3.00  A. 
Tlx  voltage  drop  across  both  the  6.00 12  resistor  and  tlx  capacitor  is  thus  V -jR-  (3.00  A K6.CH  12)  - 18.0  V. 
(There  is  no  current  through  the  3.0012  resisted  and  so  no  voltage  drop  across  it.  I The  charge  on  the  capacitor  is 
e = cr  = (4.00x10-*  F)(18.0V)  = 7.2x10  * C. 

EVALUATE:  The  equivalent  resistance  of  R . and  Rt  in  parallel  is  less  than  ft . so  initially  tlx  current  through 
ft  is  larger  than  its  value  after  a long  tinx  has  elapsed. 

(a)  IDENTIFY  and  SET  UP:  The  circuit  is  sketched  in  Figure  26.73a. 

V - 36.0  V 


'•20  It 


With  the  switch  ojxn  there  is  no 
cunent  through  it  and  there  are 
only  the  two  currents  /,  and  I} 
indicated  m the  sketch. 


fvIMI  It 


Figure  26.73u 

Tlx  potential  drop  across  each  parallel  branch  is  36.0  V.  Use  this  fact  to  calculate  / and  / ..  Then  travel  from 
poont  a to  point  b and  keep  track  of  the  potcntul  rxscs  and  drops  in  order  lo  calculate  V . 


24-2S  Chapter  2A 


EXEC  l TE:  -/  (6.00  ft  + 3.(10  ft)  + 36.0  V - 
36.0  V 


-4.00  A 


' 6.CK>ft*J.(»ft 
-/j(3.00  ft  r 6.00  ft)  * 36.0  V - 0 
36.0  V 


- 4. 


3.00  ft + 6 <10  ft 

To  calculate  1^  - T - V%  start  at  paint  h and  travel  to  point  a.  adding  up  all  the  potential  rwc*  and  drop*  alone  the 
way.  We  can  do  this  by  going  from  h up  through  the  3.00  ft  resistor: 

K + /.(3.00  ft  I - / <6.00  ft>  - K 


r - V,  * <4.00  A 1(3. 00  01-14X10  AX6.00  ft)  - 12.0  V - 24.0  V ^ -12.0  V 
- -12.0  V (point  a is  12.0  V lower  in  potential  than  point  b) 

EVALUATE:  Alternatively,  we  can  go  from  point  h down  through  the  6.00  ft  resisted. 
\\  - J,(6.00  ft  \ + /,<3.00  ft)  - Vm 


y - \\  = -<4.00  AX6.0O  ft  M-  (4.CO  A M3. 00  ft)  = -24.0  V ■+  12.0  V - -12.0  V.  which  checks. 

<b)  IDEVHKY:  Now*  there  are  multiple  current  paths.  os  shown  in  figure  26.73b.  Use  junction  rule  to  write  the 
current  in  each  branch  in  terms  of  three  unknown  currents  /.  /?.  and  />.  Apply  the  loop  rule  to  three  kiop*  to  get 
three  equations  for  the  three  unkrxwnv  The  target  vanahle  is  /...  the  current  through  the  switch.  /?v4  is  calculated 
from  V - where  / is  the  total  current  that  passes  through  the  network. 

Set  Up: 


The  three  unknown  currents  and  /, 
arc  libeled  on  Figure  26.73b. 


EXECUTE:  Apply  tlx  loap  rule  to  lexips  ( 1 k (2).  and  <3). 
loop  < 1 ):  -/,<6.00  ft)  r /i<3.00  ft)  + /,<3. 00  ft)  a 0 

lixip  (2):  -(/,  . /, *3.00  + (A  - /,  *<..00  ill  - A (3. 00  iil  - 0 

6/,  -12/,  -il,  -0  h)  21, -41, -1,-0 


Use  cqi  1 ) to  replace  /*: 

4/,  -21, -41, -11-0 

3/, -6/,  and/,  =2/,  cq.<2) 

hxip  <3i  | This  loop  is  completed  through  tlx  battery  (not  shown),  in  the  direction  from  the  - to  the  + terminal.!: 

-/,(6.00  «>-</,  + /,  #3.00  ft ) r 36.0  V - 0 

9/,  «f  3 /*  a 36.0  A and  3/,  + />  a | 2.0  A cq.*3) 

Use  cq.(2)  in  cq.<3>  to  replace 
3(2/,)  + /,  a 12.0  A 
/v  = 12.0  A /7  a 1.71  A 
/,  a 2/,  a 3.42  A 

/>  a 2/,-/,  a 2(3.42  A) -1.71  A = 5.13  A 

The  current  through  the  switch  is  I,  a 1.71  A. 
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(cl  From  the  results  in  part  (a  t the  current  through  the  batten*  is  / - /,  +/2  » 3.42  A + 5.13  A - 8.55  A.  The 
equivalent  circuit  is  a single  resistor  that  produces  the  same  current  through  the  36.0  V batten*,  as  shown  in 
Figure  26.73c. 


-/tf  + 36.0  V»0 
36.0  V 36.0  V 


5.55  A 


4.2i  a 


Figure  26.73c 

EVALUATE:  With  the  switch  open  l put  a).  pnmt  b is  at  higher  potential  than  point  <j.  so  when  the  switch  is  closed 
the  cunent  flows  in  th:  direction  from  b to  a.  W ith  the  switch  closed  the  circuit  cannot  be  simplified  using  senes 
and  parallel  ecenbinatioiis  hut  then:  is  still  an  equivalent  rcsistaixe  that  represents  the  Mwork. 

26.74.  IDENTIFY:  With  .V  open  and  after  equilibrium  lias  been  rc&rhcd.  no  current  flows  and  the  voltage  across  each 
capacitor  is  1 8.0  V.  When  .V  is  closed,  cunent  / flows  through  the  6.00  ft  and  3.1X1  ft  resistors. 

SET  UP:  With  the  switch  closed,  a and  b are  at  the  same  potential  and  the  voltage  across  the  6.00  ft  resistor 
equals  the  vohage  across  the  6.00  fj¥  capacitor  and  the  voltage  is  the  same  across  the  3.00  fiY  c^iacitor  and 
3.00  ft  resistor. 

EXECUTE:  (a)  With  an  open  sw  itch:  « € * 1 8.0  V . 

(hi  Point  a is  at  a higher  potential  since  it  is  directly  connected  to  the  positive  terminal  of  the  batten*. 

(c)  When  the  switch  is  closed  18.0  V - 7(600  ft + 3.000) . / - 2.00  A and  V%  = (2.00  A)(3.00  ft)  - 6.00  V. 

(dl  Initially  th:  capacitor's  charges  were  O.  = CV  *(3.00x  10  " F)(18.0  V)  - 5.40 x 10  * C and 
ft -O'-  (6.00-10"  FKIH.O  V)  = 1.08*10'*  C.  After  the  nwiich  » dosed 
Q, -O'  = IJ.00«I0  ‘ FKIH.O  V- 12.0  VI-  I.SOxlO  1 C and 

ft  «CT  = <6.00x10-*  FKI&0  V-6.0V)-  7.20*10  ‘C.  Hath  opacitor*  l«e  3.60- 10 'C. 

EVALUATE:  The  voltage  across  each  capicitor  decreases  w hen  the  switch  is  closed,  because  there  is  then  current 
through  each  resistor  and  therefore  a potential  drop  across  each  resistor 

26.75.  IDEVTIFY:  Tlic  current  through  the  galvanometer  for  full-scale  deflection  is  0.021X1  A.  For  each  connection,  there 
arc  two  parallel  branches  and  the  voltage  across  each  is  the  same. 

SET  UP:  The  sum  of  the  two  currents  in  th:  parallel  brandies  for  each  connection  equals  the  current  into  the 
meter  for  that  connection. 

Execute:  From  the  circuit  we  can  derive  three  equations: 

(i) (ft  + ft +ftX0.IO0A-0.O20O  A|  = (4S.0ftK0.020OA)and  ft  + ft.  + ft  = 12.0ft. 

(ii) lft  + ft  X I .00  A - 0.0200  A)  - (48.0  ft  + ft  X0.02Q3  At  and  ft  + ft.-0.0204ft  =-0.9S0ft 

(iii)  ft  (10.0  A - 0.0200  Al  =(48.0  ft  + ft  + ft  X0.0200  Al  and  ft  - 0.002ft  - 0.002ft  - 0.096  ft 
From  (i)  and  (ii).  ft  = 10.8  ft.  From  Hi)  ar*J  (iii),  ft  = 1 .08  f 3 Therefore,  ft  ^ 0 12  ft 

EVALUATE:  For  the  0. 100  A setting  the  circuit  consists  at  48.0  ft  and  ft  + ft  + ft  = 12.0  ft  in  parallel  and  the 
equivalent  resistaixe  of  the  meter  is  9.6  ft  - For  each  of  the  other  two  settings  the  cquivaknt  resistance  of  the 
meter  is  less  than  9.6  ft  . 

26.76.  IDENTIFY:  In  ea:h  ease  the  sum  of  the  voltage  drops  across  the  resistors  in  the  circuit  must  equal  the  full-scale 
voltage  reading.  The  resistors  are  m scries  so  the  total  resistance  is  the  sum  of  the  resistances  in  the  circuit. 

UP:  For  each  range  setting  the  circuit  has  the  form  shown  in  Figure  26.76. 

A.  - IXDmA 


Figure  26.76 


Execute:  3.oo  v 

l or  V - 3.00  V,  R = ft  and  the  total  meter  resistance  ft#  is  ft  = ft  + ft . 

V - IX  «i R-- 3.00-10'  n. 

/,  1.00-10  A 

+A  n, = «.  - R,,  -3.00-10'  n-40.011^2960n 
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15.0  V 

l or  V - 15.0  V.  /?-/?.  r rt.  and  the  total  meter  resistance  is  /?„  = R.  + R + R ... 


r = / /?  sort 


15.0  V 


1.50*10"  12. 


- /fc  1.00x10  A 

rtj  = =1 .50x10"  11-40.0  12-2960 12  = 1.20x10*  12 

150  V 

For  V - 150  V,  R - Rt  + R,  + rt,  and  the  total  inrter  resistance  k R„  t R2  ♦ rt,. 

I'*/,*.  sort  =i — ■ -1.50x10s  12. 

/fc  1.00x10  A 

rt,  ^ R%  - Ru  - rt,  - rt  . = 1 .50  x 10''  12  - 40.0 12  - 2960 1 2 - 1 20x  1 04  12  ^ 1 .35  x 1 0'  12 . 

EVALUATE:  The  greater  the  total  res istance  in  series  inside  the  meter  the  greater  the  potential  differenee  between 
the  two  connections  to  the  nxter  when  the  sanx  1.00  mA  current  flows  through  it. 

26.77.  IDEYIIEY:  Connecting  the  voltmeter  between  point  h and  ground  gives  a resistor  network  and  we  can  solve  for 
the  current  through  each  resistor.  The  voltmeter  reading  equals  the  potential  drop  across  the  200  kll  resistor. 

SET  IP:  For  resistors  in  parallel.  — — - — . For  resistors  in  series,  R - R{  + R.,. 

R'  R* 


EXECUTE:  (a)  R - 100  kCi 


ZOO  kO  M kO 


’ 40kl2  Flic  total  current  is  / - 1 * 2.86  v 10  1 A . 


The  voltage  arrow  the  200  k!2  resistor  is  f ' - /R  - (2.86  x 10  ‘ A 


i kl  2 

-114.4  V. 


200  k!2  50  ki2 

<b>  If  Vk  - 5.00  x 10*  12.  then  we  carry  out  the  same  calculations  as  above  to  find  rt.,  - 292  k!2  . 

/ *1.37x10°  A and  = 263  V. 

<c)  If  VA  ^ v> , then  we  find  rt^  300  k!2 . / -^  1.33  x 10  'A  and  ^ 266  V. 

EVALUATE:  When  a voltnxter  of  fiiutc  resistance  is  connected  to  a circuit,  current  flows  through  the  voltmeter 
and  the  prcsetxe  of  the  voltmeter  alters  th:  currents  and  voltages  in  the  original  circuit.  Tbc  effort  of  the  voltmeter 
on  the  circuit  decreases  as  the  resistance  of  th:  voltmeter  increases. 

26.78.  iDEVnn’:  The  circuit  consists  of  two  resistors  in  senes  w ith  1 10  V applied  across  the  senes  combination. 

SET  UP:  The  circuit  resistance  is  30  k!2  + R . The  voltmeter  reading  of  68  V*  is  the  potential  across  the  voltnxtcr 
terminals,  equal  to  /(30  k!2) . 

1 10  V 

Execute:  / /(30  k!2)  ^ 68  V gives  (68  VK30  k!2  • R)  - (1 10  V >30 112  and  R - 18.5  k!2  . 

(30  k!2  -t  R 1 

EVALUATE:  This  is  a nxthod  for  measuring  large  resistances. 

26.79.  IDENTIFY  and  Set  UP:  Zero  cuneni  through  th:  galvanonxicr  means  the  cuurrcnt  /,  through  .V*  is  also  the  current 
through  .1/  and  the  current  /.  through  P is  th:  same  as  th:  current  through  X.  And  it  means  that  paints  b and  c arc  at 
the  same  potential,  so  / - I %P  . 

€ £ 


EXECUTE:  (a)  Th:  voltage  between  points  a and  d is  c . so  j 


V t M 


ind  /;  - 


PtX 


Using  these 


expressions  in  /, N - /./*  gives 


V t M 


»V 


PtX 


P . iV(/»  + X)  = P\  V + .1/) . XX  - PM  and  X - MPf  *V 


n>,V^,S5"0fl.,3Jln>„S97  n 
iV  15.0012 


EVALUATE:  The  mcasurcnxnt  of  A'docs  not  require  that  we  know  the  v alue  of  the  emf. 

26.80.  IDENTIFY:  Add  resistors  in  series  and  parallel  with  the  second  galvanometer,  so  that  the  equivalent  resistance  is 
65.0  12  and  so  that  far  a current  of  1.50  mA  into  th:  dev  ice  the  current  through  the  galvanometer  is  3.60 //A  . 
SET  UP:  In  order  for  the  scccoid  galvanometer  to  give  the  same  full-scale  deflection  and  to  have  the  same 
resistance  as  the  first,  we  need  two  additxmal  resistances  as  shown  in  Figure  26.80. 

EXECUTE:  For  3.60  fj\  through  R the  current  through  R is  1 .496  mA  . R and  rt,  arc  in  parallel  so  have  cquai 
voltages:  (3.6  xiAX38.0 12)  - (1 .496  mA)/?.  and  R - 91 .4  m!2  . And  for  the  total  resistance  to  be  65.0  12  : 


>5 


012-rt.rl 


38.012  0.091412 


and  R ^ 64.9 12  . 
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26.81. 


EVALUATE:  Adding  /?,  ill  parallel  lowers  Ihc  equivalent  resistance  so  R.  must  he  added  in  senes  to  ruse  the 
equivalent  resistarxe  Id  65.0  fl 


— ^ — 

R - 38011 

/ - 3.6  ft  A 

R; 

/=  1.5  nA 

Figure  26.80 

iDF.vnn  and  SET  UK  Without  the  meter,  the  circuit  consists  of  the  two  resistors  in  series.  When  the  meter  is 
connected,  its  resistance  is  added  to  the  circuit  in  parallel  with  the  resistor  it  is  connected  across. 

(a)  KXBCHl:  '-/.-A 
90.0  V 90.0  V 


f- 


-0.1 107  A 


RX-*R.  22 4i^589i2 

V%  - !{R  -(0.1 107  A 1(224  O)-  24.8  V;  V3  - J.R:  -(0.110?  A )| 589  O ) - 65.2  V 
(b>  Sr. T VP:  The  resistor  network  is  sketched  in  Figure  26.R  1 a. 


The  voltmeter  reads  the  potential 
difference  across  its  terminals, 
which  is  23.8  V.  If  wc  con  find 
the  current  /,  through  the 
voltmeter  then  wc  con  use  Ohm's 
law  to  find  its  resistance . 


M WO  V » 

Figure  2681c 

Execute:  The  voltage  drop  across  the  589  (1  resistor  is  90.0  V - 23.8  V - 66.2  V.  so 

V 66.2  V V 2331 V 

/ 0. 1 1 24  A.  The  voltage  drop  across  the  224  O resistor  is  23.8  V.  so  / 

R 589  n ~ ‘ li  224  fi 


0.1062  A 


V 23.8  V 

Then  /-/.♦/■  give*  / -/-/%-  0.1 124  A -0.1062  A -0.0062  A.  R 

' * 6 I,  0.0062  A 

(cl  Set  UP:  The  circuit  with  the  voltmeter  connected  is  skctclxd  m Figure  263C 1 b. 

f|  tfv-3W0H 


:•>  ;<  w 


224  11 


- <XlO  V * 

Figure  26.81b 

Execute:  Replace  the  two  resistors  in  parallel  by  their  equivalent,  as  shown  in  figure  26.81c. 

/ ■ • 


900V 


R ^ 3840  Cl  589  Cl 

^ (|g'o  n»si9  Q)  b5|0  ? n 

3M0n*5S9tt 


90.0  V 


figure  26.81c 

-0.1225  A 


224  Cl  + 5 10.7  n 

The  potential  drop  across  the  224  Cl  resistor  then  is  JR  = (0. 1225  A )|224  Cl)  - 27.4  V.  so  the  potential  drop 
across  the  589  Cl  resistor  and  across  tlx  voltmeter  t wliat  the  voltmeter  reads)  is  90.0  V - 27.4  V - 62.6  V. 
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26.82. 


26.83. 


26.84. 


26.85. 


26.86. 


Id)  Kv  Al. I ATE.:  No.  any  real  voltmeter  will  draw  some  cuncnt  and  thereby  reduce  the  current  through  the 
resistance  whose  voltage  is  being  mrasurrd.  Thus  the  presence  of  the  voltmeter  connected  in  parallel  with  the 
resistance  lowers  the  voltage  drop  across  that  resistance.  The  resistance  oftb:  voltmeter  is  only  about  a factor  of 
ten  larger  than  the  resistances  in  the  circuit,  so  the  voltmeter  has  a noticeable  effect  on  tfo:  circuit. 
iDF.vnFY:  Just  after  the  cocmeclion  is  nixie,  q - 0 and  the  voltage  across  the  caparilur  is  zero.  After  a king  tinx  i - 0. 
SET  l.'P:  The  rate  at  which  the  resistor  dissipates  clcctncal  energy  is  I\  - F*  i R . where  V is  the  voltage  across 
tlie  resisted.  The  energy  stceed  in  the  capacitor  is  q‘.'2C . The  power  output  of  the  source  is  Pt  - £t . 

EXECUTE:  <■>  <0  Pt  - — - i 3 JHO  W . (u)Pc-£i-  1 

' K 4.260  e dt  2 C dl  C 

(III)  r,=£!  = (120  V)  l2°—  = 3380  W . 

4.26X2 

(b>  After  a long  time,  f - 0 f so  Pf  = 0,  Pc  = 0.  Pt  - 0. 

EVALUATE:  Initially  all  the  power  output  of  the  source  is  dissipated  in  the  resistor.  After  a long  tinx  energy  is 
stored  in  the  capacitor  but  the  amount  stored  isn’t  changing. 

IDENTIFY : Apply  the  loop  rule  to  the  circuit.  The  initial  current  determines  R.  We  can  then  use  the  tim:  constant 
to  calculate  C 

SET  UP:  The  circuit  is  sketched  in  l iguic  26.83. 

£ • I1QV 


f / - 6.5  X It)  5A 


Initially,  the  charge  of  the 
capacitor  is  zero,  so  by 
v - q 'C  th:  voltage  across 
the  capacitor  is  zero. 


£ 1 10  V 

EXKCT  TE:  The  loop  rule  therefore  gives  £ -iR  - 0 and  R 

I 6.5  * 10  A 


-i.7*io‘  a 


Tie  time  constant  is  given  bv  r - RC  4 flu  26  I4>.  w C’-  — 


^ 3.6  /if*. 


R 1.7*10"  X2 

E VAl.t  ATE:  The  resistance  is  large  so  the  initial  current  is  small  and  the  time  constant  is  large. 

IDENTIFY:  The  energy  stored  in  a capacitor  is  U - ff'»'2C\  The  ckxtrical  power  dissipated  m the  resistor  is  P - 1' R. 


SET  l.’P:  For  a discharging  capacitor,  i - - — - 

RC 

Execute:  tai  U„ - — - 10 


-- 


2C  2(4.62*  10 -‘F) 


7.10  J. 


Ib»  /;  R- 


y 


lo.oosic)1 


(c>  When  U - Lu,  - 

2 ' 2 2C 


(85001(4.62*10  * IT 


3616  W 


Q. 

T 


. O - This  gives  P 


S'*  \V 


RC  f 2\  RC  f 2 ■ 

EVAI.LATE:  All  the  energy  originally  stored  in  the  cafMcitor  is  dissifxated  as  cuncnt  flow  through  the  resisted. 
IDENTIFY':  q-Qs  ' * ■ The  time  constant  is  r - RC . 

Set  Up:  The  charge  of  one  electron  has  magnitude  c-  1.60x10  * C . 

EXECUTE:  (a)  Wc  will  say  that  a capacitor  is  discharged  if  its  charge  is  less  than  that  of  one  election.  The  time  this 
lakes  b then  given  by  q-Q,r‘*.  so  i = *Cln|&/*)=<6.7xl0’  0X9.2*10  Flln(7.0*l0*  C/1.6*  10  "C>-10.J6s. 
or  3 1 .4  tmx  constants. 

EVALUATE:  <b)  As  shown  in  part  |a).  / - rln({J,  jq)  and  so  the  number  of  time  constants  required  to  discharge 
the  capacitor  « indrpendent  of  R and  C\  and  depends  only  on  the  initial  charge. 

Identify:  The  energy  changes  exponentially,  but  it  does  not  ctoey  exactly  the  same  equation  as  the  charge  since 
it  is  presort  ional  to  the  square  of  the  charge. 

la)  SET  Up:  For  charging,  V - Q>t2C  - <@>  e “'(!2C  - U,  c A,c 
EXECUTE:  To  reduce  the  energy  to  1 !e  of  its  initial  value: 


VJc  = U<* 


r - RG2 
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26.87. 


26.83. 


26.89. 


(bl Set UP:  For discharging,  f/-(ft2C-[gk(l 

EXECUTE:  To  reach  1 >c  of  the  maximum  ercrgy.  UuJe  - (/««* <1  c )2  and  / - -i?CIn|  1 - 


TcY 

EVALUATE:  The  time  to  reach  l/r  of  the  maximum  energy  is  not  the  xanx  at  the  time  to  discharge  to  1 fe  of  the 
maximum  energy. 

IDENTIFY  and  SET  UP:  For  parts  (a)  and  (b)  ev  aluate  the  integrals  at  specified  in  the  problem.  The  current  at  a 

function  of  tinv  is  given  by  I:q.(26.l3)  i - — «•  " . Th:  energy  stored  in  the  capacitor  is  given  by  Q'  !2C. 

R 

EXECUTE:  (a)  P -£< 

The  lotal  energy  implied  by  the  battery  in  j Pd:  = f £xtt -(£’//?  |J  e ' " di  =(ff  .'ff  )[-A<V  1 * ]§  ~C£’. 
lb)  P=PR 

The  total  energy  dissipated  in  the  resistor  is 

I pdt  - j; i'Rdt = (s1  / R)  J 1 €*■'***  (e*  i *)[  -< Rcny1' " J ' - ice\ 

(c>  The  final  charge  on  th:  capacitor  k O - CS.  The  energy  stored  is  IS  - Q'  .'(2C)  = ±C£\  Th;  final  crxrgy  stored 
in  the  capacitor  |TC£° ) ^ total  energy  supplied  by  the  batten*  (C£J ) - energy  drtnpatcd  in  the  resistor  [ICS* ) 

(dl  EVALUATE:  ^ of  the  energy  supplxd  by  the  buttery  it  stored  xn  the  caparitctf.  Thrt  fruition  is  independent  of  R 

Tlte  other  T of  the  energy  supplied  by  the  battery  is  dissipated  in  the  resistor.  When  R is  small  the  current  initially 
is  large  but  diet  away  quickly.  When  R it  large  the  current  initially  it  snull  but  lasts  longer. 

IDENTIFY:  E - J * Pdt . The  energy  stored  in  a capacitor  it  V = q1  / 2 C . 


Set  I f: 


RC 


Execute:  i - — 2lc  gives  r-i'R  - — 

RC  * RC • 


fc  ,„d  ®L?L-QL-v.. 

RC:jo  RC * 2 2C 

Ev Alt  ATEl:  Increasing  the  energy  stored  in  the  capacitor  increases  current  through  th:  resistor  as  the  capacitor 
discharges. 

Identify  and  Set  Up: 

EXECUTE:  (a)  Using  Kirchhoff  s Rules  on  the  circuit  we  find: 

Left  loop  92-140/,  -210/*  + 55  = 0=*  147- 140/,  -210/*  =0. 

Right  loop:  57  - 35/*  - 2 10/*  + 55-Or>l  12-210/*  - 35/*  - 0 
Junctxm  rule:  /,-/*  + /•,- 0. 

Solving  for  the  three  currents  wc  haw:  /,  - 0.300  A.  J*  - 0.51X3  A.  /,  = 0.200  A. 

(bl  Leaving  only  th:  92- V buttery  in  the  circuit: 

Left  loop  92  - 140/,  - 210/*  - 0 Right  loop:  -35/*  - 210/*  = 0. 

Junction  rule:  /,-/*  + /*  -0.  Solving  for  the  three  currents: 

/,  = 0.541  A.  /*  = 0.077  A,  /*  * -0.464  A. 

(c)  Leaving  only  the  57-V  battery  in  the  circuit: 

Left  loop  140/, + 210/*  =0.  Right  loop:  57 -35/,  - 210/*  ^0. 

Junctxm  rule:  /,  - /?  + !.t  =0.  Solving  for  the  three  currents: 

/,  = -0.287  A.  /*  = 0 1 92  A,  /,  - 0.480  A. 

(d  > Leaving  only  th:  55- V buttery  in  the  circuit: 

Left  loop:  55-1407,-210/*  ^0.  Right  loop:  55-35/,  - 210/*  -0. 

Junctxm  rule:  /,  -/*  + /,-  0.  Solving  for  the  three  currents: 

/,  - 0046  A.  /*  & 0.23 1 A*  /*  a 0.185  A. 

(el  If  we  sum  the  currents  from  the  previous  three  parts  w find: 

/,  ^ 0.300  A.  7*  - 0.500  A,  7;  = 0.200  A iurt  as  in  part  (a). 
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<f ) Changing  tlx  57- V batten*  tor  an  80* V batten*  |u%t  affects  tlx  calculation  in  part  (c).  It  change*  to:  Left  loop: 
140/,  + 210 /jsO.  Right  loop  S0-3S/k  - 210/:  =0. 

Junction  rule:  /,  - l3  *f  = 0.  Solving  for  the  three  currents: 

/,  = -0.403  A,  /*  = 0.269  A,  />-  0.672  A. 

The  total  current  for  the  full  circuit  i*  the  sum  of  |bk  <d|  and  (f ) above: 

/,  = 0. 1 S4  A.  1+  <=0.576  A />■  0.392  A. 

EVALUATE:  This  problem  presents  an  alternative  means  of  solving  for  currents  in  multiloop  circuits. 

26.90.  IDENTIFY  and  SET  UP:  When  C changes  after  the  capacitor  w charged,  the  voltage  across  the  capacitor  changes. 
Current  flows  through  the  resistor  until  the  voltage  across  the  capacitor  again  equals  the  cmf 
Execute:  (a)  Fully  c harued:  0 = CV  =(IO.Ox  10  11  FK1000  Vtsl.OOx  104  C. 


£-V  £ 

(bl  The  initial  current  just  after  the  capacitor  is  charged  is  /.,  - — — — — - — 2— . This 

.\  .‘i  ll  V 


— 1— . This  gives  r(0 


i-JLl 

R RC  f 


V* 


where  C'-LIC- 

(c>  We  need  a nsistanee  such  that  the  current  will  be  greater  than  1 fi\  for  kmger  than  200  //*.  Thus  requires  that 

/ 1.0x|0*C 


at  / - 200  us  . r - I.Ox  10  A - — | 1000V- 

R\  1.1(1.0x10  “ F) 


This  sav* 


.OkIO”  A-  — (90.9»c 

y 


■ »/  unY 


and  18.3/?-  /?!nJ?-  1.8x10  -0.  Solv  ing  for  R numerically  we  find 


7.l5x  10‘  OS  /?£ 7.01  x 10?  Cl 

EVALUATE:  If  tlie  resistance  is  tix»  small,  tben  the  capacitor  dneharges  too  quickly,  and  if  the  resistance  is  too 
large,  the  current  is  not  large  enough 

26.91.  IDENTIFY:  Conudcr  one  segment  of  the  network  attached  to  the  rest  of  the  network. 

SET  UP:  We  can  re -draw  the  circuit  as  show  n in  Figure  26.91 . 

Execute:  R,  =2«;>|  — -2*, R'-IRfi,  -2RtR..  = 0.  R.  =RI±JRI‘+2R)RI . R,  > 0 . 

Rl)  ~ 

*i>  Rl=Ri+slR;>2RlRt  . 

Evaluate:  Even  though  there  are  an  infmite  number  of  resistor*,  the  equivalent  resistance  of  the  network  is  finite 


»— vw 

*\ 

i 

*r. 

* 

• WY 

J 

Figure  26.91 

26.92.  IDF.VHFY:  Assume  a voltage  I' applied  between  points  a and  b and  consider  the  currents  that  flow  along  each 
path  between  a and  b. 

SET  UP:  The  currents  are  shown  in  Figure  26.92. 

EXECUTE:  Let  current  / enter  at  a arxl  exit  at  b At  a there  are  three  equivalent  branches,  so  current  is  /•*  3 m each. 
At  the  next  junction  point  there  are  twx>  equivalent  hrjixbcs  u:  carh  gets  current  J 6.  Then  at  b there  are  three 
equivalent  branches  with  current  // 3 in  c:xh.  Tlx  voltairc  drop  from  j to  b then  is 


TTiumiBlbt 


the  icimc  as  V - JR  . so  R^  - 2/?. 


EVALUATE:  The  equivalent  resistance  is  less  than  R.  even  though  there  arc  12  resistors  in  tlx  network. 

/n 


Figure  26.92 
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IDKNIIIY:  He  network  it  the  same  at  the  one  in  Chaltoigc  ProbVrm  26.91 . and  that  problem  shows  that  the 
equivalent  resistanre  of  the  network  it  R,  - ^R‘  + 2 R{R3  . 

SET  UP:  The  circuit  can  b:  redrawn  at  .shown  in  Figure  26.93. 


Execute: 


v \ 


— y„ - 1 ii.» 

2 ft  + 2ft SR  + 1 /?,  + /?,  *,*,  R 


lb>  V.  -_i5 


*•  — 


<'  + /»>  <!  + /»» 

If  R - P. . l hen  K.  - if, and  //  ~ ~ ^ ' -2.73.  So,  f<*  Ibemh  segment  to  have  \% 

I 1 


of  the  cngmal  voltage.  we  need: 


iW3 

- S 0.0 1 . Tills  says  t = 4 . and  then  V - 0.015k;, . 


<lr/;r  <1  + 2.73) 

(c>  Rj  - R + j4a  + 2JKtJr}  gives  0 + ^(64000)*  + 2(6400  HXS.Ox  10*  Cl»  ^ 3.2  x 10"  O and 

rt  2(6400  OM3.2*  10"  Q + K.Ox  10* 12)  . 

4.0x10  . 

(3.2x10*  QKS  0x10*  C2» 

(dl  Along  a lencth  of  2.0  mm  of  axon,  there  are  2000  segments  each  1.0  irm  long.  The  voltaee  therefore 


attenuates  b\  Fv_, 


V V 

77ri0 


- 3.4x10  * . 


r;  <1+4.0*10') 

(*nr  ff  = 3.3 -Iff*  n.  then  /I  =2.1x10’  il  and  >J  = 6.2xl0'.  Tltisgive* 


Ml 


V4  (1  + 6.2x10  r 

EVALUATE:  At  ft  increases,  p decreates  and  the  potential  difference  decrease  from  ooc  section  to  the  next  is 
lets. 

• WV 


* "*?* 

c 

l *1  < 

b 

d 

R 


Figure  26.93 


Magnetic  Field  and  Magnetic  Forces 


27 


27.1.  iDl.vilfY  jikI  Sir  !>:  Apply  Eq.(27.2)  to  calculate  F.  Use  the  cron  products  of  unit  vcclon  (ram  Section  1. 10. 
Execute:  r = (+4.19x10'  m'*)/.  (-3.85x10'  mi)/ 

|.)  B — (l  .40  T)i" 

F = qt>B  =(-1.24*10  * C 1.40  T|i{4.19xl0*  nvsji  xi -(3.S5xlO*  m*|yx#J 
i xis(0,/xi  - -k 

F -(-1.24x10  * C|(!.40T|( -3.85x10*  m's)(-*)-(-4».6KxlO'4  N|j 


Evaluate: 


The  directions  of  I and  R arc  shown  xn  figure  27.1a. 


Tlx  right-hand  rule  gives  that  vx  R is  directed 
oat  of  the  paper  t «r- direction}.  Tlx  charge  is 
negative  so  F is  opposite  to  v x R: 


figure  27.1a 


F is  in  the  -r«  direction.  This  agrees  with  the  direct  ion  calculated  with  unit  vectors, 
(b)  EXECUTE:  lU(l.40T)* 

F - qv-B  -(-1.24x10  ' C)(l  .40  T|[(-t4. 19x10*  m's)ix* -(3«xl0' m '%)j-k  l 

/** --/./.*-/ 


F - (-7.27x10"*  N)(-y)t  (6.6Sx  10  ' N)/  -i|6.6S>  10  ‘ N|/  + (7J7xl0  * N)j] 
Evaluate:  The  directions  of  »•  and  R are  shown  m figure  27.1b. 


Af  The  direction  of  F is  opposite  to  i ix  B since 

* g is  negative.  The  direction  of  F computed 

/ from  the  nght-hanJ  rule  agree*  qualitatively 

* ^ with  the  direction  calculated  with  unit  vectors. 

rxB 

figure  27.1b 

27.2.  IDEVI1FY : The  net  force  must  K:  zero,  so  the  magnetic  and  gravity  face*  must  be  equal  in  magnitude  and 
opposite  in  dirretion. 

SET  UP:  The  gravity  face  is  downward  so  the  force  from  the  magnetic  field  must  be  upward.  The  charge's 
velocity  anJ  the  faces  are  shown  in  figure  27.2.  Since  the  charge  is  negative,  tlx  imgnctic  force  is  opposite  to  the 
right-hind  rule  direction.  The  minimum  inagrxtic  field  is  when  the  field  is  perpendicular  to  »• . Tlx  force  is  also 
perpendicular  to  R . so  R is  either  eastward  or  westward. 

EXECUTE:  If  R is  eastward,  the  right-hand  rule  directioi  is  into  the  page  and  f,  rs  out  of  the  page,  as  required. 

Therefore.  R is  eastward.  ntg  - Uvtfsinp  # - 90:  and  R - - ■{0  .Ll:— j- — ms  ) _ | 9|j 

m vbl  (4.00x10  m»‘sK2.50xl0  C) 


27.1 


27-2  Chapter  27 


27.3. 


27.4. 


27.5. 


27.6. 


Evaluate:  The  magnetic  fiekl  could  also  have  a component  along  the  north-south  direction,  that  would  not 
contribute  to  th:  force,  but  then  the  fWld  wouldn’t  have  minimum  magnitude 


»®0 

Figure  ’7.2 


IDENTIFY:  The  force  F on  th:  particle  is  in  tb:  direction  of  the  deflection  of  the  |Mrticlc.  Apply  the  right-hand 
rule  to  the  directions  of  i and  B . See  if  your  thumb  is  in  the  direction  of  F . or  opposite  to  that  direction.  Use 
F-|?|v#xin^  with  ^-90°  to  calculate  F. 

SET  UP:  The  directions  of  i‘ . B and  F arc  shown  in  Figure  27.3. 

EXECUTE:  (a)  When  you  ^iply  the  right-hand  rule  to  V and  B , your  thumb  points  cast.  F is  in  this  direction, 
so  the  charge  is  positive. 

(b)  /*-|»/|v/?sinf>- (8.50x10*  CK4.75*I0'  nVsXl . 25  T) sin 90° -0.0505  N 

EVALUATE:  If  the  particle  hid  negative  charge  and  v and  B are  unchanged,  the  particle  would  be  deflected 
toward  the  west. 


S 


Figure  27-3 

Identify : Apply  Newton's  second  law.  with  the  force  being  the  magnetic  force. 
SETUP: 

Execute:  F - ma  - qv  - B give*  a - — — — and 


. - : w ) _ m. 

1 Si  x 10  ‘ kt 


EVALUATE:  The  acceleration  is  in  the  -^direction  and  is  perpendicular  to  both  rand  B 
IDENTIFY:  Apply  /’  - |./|v£sin  and  solve  for  v. 

SET  UP:  An  electron  has  = -1.60x10  v C . 

F 4.60x10  *'N 

~ ~ 1 1.6*  10  C»J.S>  1(1  ’ T)*in6CT 


IXm  II.: 


9.49-1(710/ 


EVALUATE:  Only  the  corr^ioocnt  ti  «n  $ of  the  rmgnctic  field  perpendicular  to  the  velocity  cceitrihutes  to  the 
force. 

IDENTIFY:  Apply  Newton’s  second  law  and  F - |,'|r//sind  • 

SET  UP:  ^ is  the  angle  between  the  direction  of  v and  the  dircctKin  of  B 


Magnetic  Field  and  Magnetic  Fences  27-3 


27.7. 


27.8. 


27.9. 


Execute:  (a)  The  smallest  possible  acceleration  is  /cn>.  when  the  motion  is  parallel  to  the  magnetic  fickl.  Th: 
greatest  acceleration  is  when  the  velocity  and  magnetic  field  an:  at  right  angles: 

ff  - V*  <l  6‘  10  " C)U -SO.  IO‘m.%  H7-4  ■ 10  ' T>  _ , ,c  _ ^ ; 
rr.  19.11x10  ‘ kg) 

|b)  If  a -tI?.25xIO"  m'*!)  then  sin»>  - 0.25  and  - 14.5°. 

m 

EVALUATE:  The  force  and  acceleration  decrease  as  th:  angle  $ approaches  zero. 

Identify:  Apply  F-t/v*B 

SHIP:  i-vj, with  v,  = -3.80x  IO‘m/» . F\  - » 7.60  x 10  ' N.  F, -0.  anl  F,  - - 5.20  x 10  1 N . 

EXH HE:  (a)  F,  =<F'  A - v B.  I = qv.B. 

fl -F./’qv,  a(7.60xl0  * N)/((7.X0x  10 * CX-3.80 » 10* n^* Jl-  -0.256  T 

f - - \\B4 ) - 0.  which  is  consistent  with  F as  given  in  the  problem.  There  is  txi  force  component  along 
the  direction  of  the  velocity. 

F - ?l».  B.  - i-.fl.)  — - s.  —F/qv,  —0.175  T 

(b|  B is  not  determined.  No  force  due  to  this  component  of  B along  V ; measurement  of  the  forec  tells  us  nothing 
about  B . 

[c)  B-F-  BtFt  + B9F9  + BFt  *(-0.175  TK**  7.60x10  1 N)  + (-0.256  TX-5.20*  10  1 N) 

B-F  - 0 . B and  F are  perpendicular  (angle  is  90°) . 

EVALUATE:  The  force  is  perpendicular  to  both  v and  B * so  v F is  also  zero. 

Identify  and  Set  Ur:  F-qv*B-  qB\ v.(#  xi) + vt(jx k) ♦ vJ i A x i >]  - qB  |v, (- /) ♦ \\ </». 

EXECUTE:  (a)  Set  the  expression  for  F equal  to  the  given  value  of  F to  obtain: 

F.  <7.40  x 10  ? N) 


-< -5.60x10  C)| -1.25 T; 
-<3.40x10  r N) 


- -106  m/s 
-48.6  m/s. 


r qB  <-5.60x10  #CM-1.25T) 

(b)  \\  dixs  rxit  contribute  to  the  forec.  so  is  not  &icrmincd  by  a mcasurcnxnt  of  F . 

|<)  r • F » v.F.  ♦ y.F.  * '\F  ~ - jg-F.  0 = 90°. 

E VALLATE:  The  force  is  perpendicular  to  both  v and  B , so  B F is  also  zero. 

IDF.NNFV:  Apply  F = qv  x B to  the  force  on  the  proton  and  to  the  force  on  th:  election.  Solve  foe  the 
components  of  B 

SET  UP:  F is  perpendicular  to  both  v and  B . Since  the  force  cei  the  proton  is  in  the  f y -direction.  Bt  - Oand 

B - BJ  + Bk  For  the  proton,  v - <1.50  km  stf  . 

Execute:  (a)  Far  the  proton.  F -^1.50x10'  nv'a)jx(0.r:rA,i)-4(l.5O»lO>  *'-(2.25x10  N)/\ 

so  B - -0.93K  T . The  forec  on  the  proton  is  independent  of  Bt  . For  the 

(1.60x10  ‘ C)|l. 50x10  ms) 

electron.  v-(4.75  kmsK-k  l.  f -q* x B ^(-*X4.75xl0‘  m’sX-* )x(*  / + Bk)-  +c(4.75x  10*  mts)Bj. 

The  magnitude  of  the  force  is  F - e(4.75xl0l  ms»|fl  | Since  F -8.50*  10  N , 

\B  I -1.12  T.  Bt  : 1 1.12  T . The  sign  of  B is  not  determined  bv  treasuring 

1 1 <1.60x10  C)(4.75x|0'  m's) 

the  magnitude  of  th:  force  on  the  electron  B - ^B]  -t  B]  - J(±I.12T>  + (-0.938  T)*  - 1 .46  T . 


_ 0 - ±40c  B is  in  the  .tr-plane  and  is  either  at  40“  from  the  * redirection  toward  the 

B rl.!2T 


-c -direction  or  40°  from  the  -x- direction  toward  the  -i -direction  . 


27-4  Chapter  27 


27.10. 


27.11. 


27.12. 


<b)  B - BJ  -f  Bk  . v - (3.2  km  »K- /)  - 

F-qv*B  (-c)(3.2  knVsX-jlx  (tf.i  - fli  |-<f3.2x  10*  mbX4(-£)  + *.i). 
f -c(3.2xl0‘  m''s)(-|±1.12  T|i  -(0.938  T|/) - -<4.S0x  10‘**  N|/  ±(5.73x10  * N)i 

F - JF*  -f  F*  - 7.47  X 10  * N . tan#  - - * ‘ 1,1 - 0 - ±50.0& . The  force  is  in  the  .e-plane  and  is 

directed  at  50.0s  from  the  -j-axis  tinvard  either  the  cw  -r  axis,  depending  on  the  sign  <>f  Bt  . 

Evaluate:  If  the  direction  of  the  force  on  the  first  electron  were  measured,  then  the  sign  of  would  be 
determined. 

IDEVIIFY : Magnetic  field  lines  are  cloved  loops,  so  th:  net  flux  through  any  closed  surface  is  zero. 

SET  Up:  Let  magnetic  field  directed  out  of  the  enclosed  volume  correspond  to  positive  flux  and  magnetic  field 
directed  into  the  volume  correspond  to  negativ  e flux. 

EXECUTE:  (a)  The  total  flux  must  be  zero,  so  the  flux  through  the  remaining  surfaces  must  be  -4).  120  Wi. 

<h)  The  shape  of  the  surface  is  unimportant.  Just  that  it  is  closed 
(c>  One  possibility  is  sketched  in  Figure  27.10. 

Evaluate:  In  Figure  27. 10  all  the  field  lines  that  enter  the  cube  also  exit  through  the  surface  of  the  cube. 


Identify  and  Set  Vr:  <t»fc  - J B dA 

Circular  area  in  the  vr-planc.  so  A - ar*  - ;r(  0.0650  m)J  =0.01327  m:  and  dA  is  in  the  rdircction.  Use 
i:<l<  1 . 1 8)  to  calculate  the  scabr  product. 

Execute:  (a)  B 0.230  T)rt;  B and  dA  are  paralfcl  <*  = 0*)  so  BdA-BdA. 

B k constant  over  the  circular  area  so  <t> M - j B dA  - dA  - sfdA  - BA  - (0230  TK0.01 327  m;>  - 3 .05  x 10  Wb 


<l»>  The  directum  of  B and  dA  are  shown  in  Figure  27.1  la. 


B JA-  BcotpdA 
with  ^ = 53.1° 


Figure  27.1  la 

constant  over  the  circular  area  so  - J B dA  - j BctKjdA  - B c os  p | dA  - //coso.f 


B and  p 

- (0.230  T)cos53.  V\ 0.0 1 327  m1  U 1 .83 x 10  ' Wb 


(c)  The  directions  of  B and  dA  arc  shown  in  Figure  27.1  lb. 


/» 

Figure  27.1  ll> 


B dA-  0 since  dA  and  B arc  perpendicular  ip  - 90*) 
JA- 0. 


EVALUATE:  Magnetic  flux  is  a treasure  of  how  mam’  magnetic  field  lines  puss  through  the  surface.  It  is 
maximum  when  B is  perpendicular  to  th:  pline  of  the  loop  (part  a)  and  is  zero  w hen  B is  parallel  to  the  plane  of 
the  loop  (part  c). 

IDF.VIIFY : When  B is  uniform  across  the  surface.  <!>*  = B A — BAc&sf . 

SET  Up:  A is  normal  to  the  surface  and  is  directed  outward  from  the  enclosed  volume.  For  surface  abed, 

A “ —Ai  . For  surface  hcfc\  A • - Ak  . For  surface  acid,  cosp  - 3 »'  5 and  the  flux  is  poutivc. 


Magnetic  Field  uxi  Magxetic  Forces  27-5 


27.13. 


27.14. 


27.15. 


27.16. 


Execute:  (a)  <!>,  (ahed)  = B A = 0. 

<b>  <t>A{bcfc)=B  A = -40.128  TX0.300  mXOJOO  ml  - -0.01 15  Wb. 

<c)  -B  A-  BAco%a  ^ £<0.128  TK0.S0D  m)(OJOO  m)  ^ +0.01 1 5 Wb. 

(d)  The  net  flux  through  th:  rest  of  the  surfaces  is  zero  since  they  arc  parallel  to  th:  A*u\is.  The  total  flux  is  the 
sum  of  all  ports  above,  which  is  zero. 

Evaluate:  The  total  flux  through  any  closed  surface,  that  encloses  a volume,  is  zero. 

IDI.M1FY:  The  total  flux  through  the  battle  is  zero  because  it  is  a closed  surface. 

SET  UP:  The  total  flux  through  the  bottle  is  the  flux  through  the  plastic  plus  the  flux  through  the  open  cap.  so  the 
sum  of  these  must  be  zero.  + <t>  ^ - 0. 


- -/Mcos<J»  - - B{xr ’ )cos<t> 

Execute:  Sirtistituting  the  numbers  gives  - (1.75  T|.t<0.0125  mfcos  2S°  - 7£  x 10  4 Wb 
Evaluate:  It  would  be  impassible  to  calculate  the  flux  through  the  plastic  directly  because  of  the  complicates! 
shape  of  the  bottle,  but  with  a little  thought  we  can  find  this  flux  through  a simple  calculation. 
iDl.Min : p-mv  and  L - Rp . since  the  velocity  and  linear  momentum  are  tangent  to  the  circular  path. 

SETUP:  \q\vB  - mv:  . R . 

Execute:  U)  1>-IU ’-wl  Uitaff- (4.68x10  * mX6.4xlO  '• 


C H 1.65  T »-  4 94x10*  kg  m s 

(b>  L = Rp  = tfqB  = <4.68  x 10  1 m);  <6.4  x 10  * CH 1 .65  T)  = 2.3 1 x 10  ^ kg  m*7s. 

Evaluate:  p is  tangent  to  the  orbit  and  L is  perpendicular  to  the  orbit  plane. 

(a)  IDENTIFY:  Apply  Eq.(27.2)  to  relate  the  magnetic  force  F to  the  directions  of  v and /I  The  electron  lias 
negative  charge  so  F is  opposite  to  the  direction  of  r x B.  For  motion  in  an  are  of  a circle  the  acccleratKin  is 
toward  the  center  of  the  arc  so  F must  be  in  this  direction,  a - f R. 

SET  UP: 

As  the  electron  moves  in  the  semicircle, 
its  velocity  is  tangent  to  the  circular  path. 

The  direction  of  v,  x B at  a point  along 
the  path  is  shown  in  Fiuurc  27.15. 


For  circular  motion  the  acceleration  of  the  electron  a . is  directed  in  toward  the  center  of  the  circle. 


Figure  27.15 

Execute: 

Thus  the  force  exerted  by  the  magnetic  field,  since  it  is  the  only  force  on  the  electron,  must  be  radially  inward. 
Since  q is  negative.  Fk  is  opposite  to  the  direction  given  by  the  right-hand  rule  for  v0  x B Thus  B is  directed 
into  the  page.  Apply  Newton's  2nd  law  to  calculate  the  magnitude  of  5:  Yf-  md  gives  ^ F^  - /inj 
F,  - niv’/R) 

Ft  - bl.Sutu*  - blifl.  mi  Lylifl  - 


"r. 


'UXML.O-n,; 


<1.602x10  ' C)(0.050  Ol) 

( l>>  IDEVI1FY  and  SET  Up:  The  speed  of  the  electron  as  it  moves  along  the  path  is  constant.  ( F changes  the 
direction  of  r but  not  its  magnitude. ) The  time  is  given  by  the  distance  divxlcd  by  v4. 

EXECUTE:  The  distance  along  the  semicircular  pith  is  zR.  so  / - — — — ' ''  1.1  lx  10  s 

v0  1.41x10  m s 

Evaluate:  The  magnetic  field  required  increases  when  r increases  or  R decreases  and  also  depends  on  the  mass 
to  charge  ratio  of  the  particle. 

IDEVIIPV:  Newton's  second  law  gives  - mV1//?.  The  speed  \ is  constant  and  equals  v4  . The  direction  of 
the  magnetic  force  must  be  in  the  dirccticei  of  the  acceleration  and  is  toward  the  center  of  the  semicircular  path. 
SET  UP:  A proton  has  q s ♦ 1.60x  1 0'M  C and  m - 1 .67  x 10  * kg  . The  direction  of  the  magnetic  force  is  given 
by  the  riuht-hand  rule. 
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27.17. 


27.18. 


27.19. 


27.20. 


EXfCl'IE:  >1  1 .1 1 - 10*  in.  \ > 0294T 

qR  (l  .60x  10  w CX0.0500  m) 

The  direction  of  the  mignctic  held  is  out  of  the  page  (the  charge  is  positive).  in  order  for  F to  be  directed  to  the 
right  at  point  A. 

(b)  The  time  to  complete  half  a circle  is  / - JzRfv0  -1.1 1 x I0'?  s. 

Evaluate:  The  magnetic  fiekl  required  to  produce  this  path  fee  a proton  his  a different  magnitude  (because  of 
the  different  mass)  and  opposite  direction  (because  of  opposite  sign  of  the  charge)  than  the  field  required  to 
produce  the  path  for  an  electron. 

iDLVIlt^  and  SKI  L’P:  Use  conservation  of  energy  to  find  th:  speed  of  th:  ball  when  it  reaches  the  bottom  of  the 
shah.  The  right-hand  rule  gives  the  direction  of  F and  FqX27. 1)  gives  its  magmuxle.  The  number  of  excess 
clectreeis  determines  th:  charge  of  the  hill 
Execute:  ^(d.ooxio*  |(-i.602xio **c)-  -6.40R*io  11  c 

speed  at  bottom  of  shah:  4mV  - «gr;  v - ^2gy  - 49.5  ins 

v rs  downward  and  B is  west,  so  »•  x B is  north  Since  q < 0.  F is  south. 

F -|^|»S*int»-(6.40S«l0  " C)<49.5  ms  1(0.250  T).inW  ^ 7.93- 10  " N 

Evaluate:  Both  th:  charge  and  speed  of  the  ball  arc  relatively  small  so  the  magnetic  force  is  small,  much  less 
than  the  gravity  force  of  1 .5  N. 

IDENTIFY:  Since  the  particV:  moves  perpendicular  to  the  uniferm  imgnctic  field,  the  radius  of  its  path  is 
R — — . The  magnetic  force  is  perpendicular  to  both  r and  B 

m* 

Ski  UP:  The  alpha  particle  has  charge  q - *2e  - 3.20  x 10  v C . 

EXECUTE:  (a)  R - ^ 10 — kg  H 35.6x10  m s)  _ ^ 73*  |0  « m q^73  mm  The  alpha  particle  moves  in  a 

<3.20x10  ,v  CXI- 10  T) 

circular  arc  of  diameter  2R  - 1.35  mm  . 

(b)  For  a vwy  short  time  interval  the  displacement  of  th:  particle  is  in  the  direction  of  the  velocity.  The  nugnctic 
force  is  always  pccpcndicular  to  this  directicoi  so  it  docs  no  work.  The  work -energy  theorem  therefore  says  that  the 
kinetic  energy  of  the  particle,  and  hence  its  speed,  is  constant. 

. . F.  I3’0«10''CH35.6-IO'm»Xl.l0T)«n90° 

(c)  The  acceleration  is  a - — L U l.SK*  Itf  ms.  \\  c can 

m m 6.61x10  - kg 

ilso  use  a •-  — and  the  result  of  part  <a|  to  calculate  a - - — - — 11  lA  ''  - I.88x  1>*  m's* . the  some  result.  The 
R 6.73x  10  m 

acceleration  is  perpendicular  lo  r and  B and  so  is  horizontal,  toward  the  center  of  curvature  of  the  particle’s  path. 

EVALUATE:  (dl  The  untulanced  force  ( FA  I is  perpendicular  to  v . so  it  c hinges  the  direction  of  v but  not  its 

magnitude,  which  is  the  speed 

IDEM1FV : In  part  (a),  apply  conservation  of  energy  to  th:  motion  of  the  two  nuclei.  In  pari  (b>  apply  |i/|» B - m1  R. 
SKI  L’P:  In  part  (a),  let  point  I be  when  th:  two  nuclei  arc  far  apart  and  let  point  2 he  when  they  an:  at  their 
closest  separation. 

Execute:  <a)  AT,  ♦ 6’,  =1,  + U: . L\  = A\  ^ 0.  so  a:,  ^ and  = AtfVr . 


IV 


v-e  i — - <1.602  x 10  C ) 


nr 


— -1.2  x10  m/* 

(3.34x10*  kgX  10x10  11  m> 


v--  - . _ >,  n mv  (3.34x10^  kSXI.2xl0Ws»  ^ 

(b)  V t -»\a  rives  qvB-mxir  . B = 0.10T. 

^ ^ 9 qr  <1.602  x 10  1 ' CX2.50  m) 

EVALUATE:  The  speed  calculated  in  part  la)  is  large,  4%  of  th:  speed  of  light. 

IDI.VIUV:  F - |:#i|i- VI sand  • The  direction  of  F is  given  by  the  right-hand  rule. 

SKI  L’P:  An  electron  has  q - -c  . 

F 0.00320x10  ' N 


EXECUTE:  (a)  t - b r/fsino  . B r-, 0.00  T.  It  the  angle  f is 

Pl  |i/|v  sinp  8|  1.60x10  M CMS00.000  m.s)sm90r 

less  than  90:.  a larger  field  is  needed  to  produce  the  same  force.  The  direction  of  the  field  must  be  toward  the  south 

so  that  v - li  is  downward. 


Magnetic  Field  and  Magnetic  Forces  27-7 


27.21. 


27.22. 


27.23. 


(b>  F = |qjv5xinl  v 


4.60x  t:  *'  N 


1.37  x 10  m/x  If  d it  less  than  90\  the 


b|tfsinf>  (1.60x10  '*0X2.1011  sin  9CP 
speed  would  have  to  be  larger  to  have  the  same  force.  The  force  is  upward,  to  »•  x B must  be  downward  since  the 
electron  is  negative,  and  th:  velocity  must  he  toward  the  south. 

Evaluate:  The  con^oocnt  of  H along  the  direction  of  v produre*  no  force  and  the  component  of  v along  th: 
direction  of  B pcxxlures  no  force. 

(a)  IDENTIFY  and  SET  UP:  Apply  Newtons  2nd  law.  with  a = i •*  t R since  the  path  of  the  particle  is  circular. 
Execute:  Y F - ma  saw  |i/|v B - v3  / R ) 

v—  m.  1 l<-  5,11  'H^  n:|ai3Sx.Q,  mJ 

m 3.34x10*  kg 

(b>  Identify  and  SET  Ur:  The  speed  is  contain  so  t - distance  V. 
jzR  .t|  6.96x10  * ml 

Execute:  t ^ ^ 2.62  x 10  * s 

v 8.35x10  ms 

(c)  IDENTIFY  and  SET  UP:  kinetic  enrrgy  gained  - clectrx  potential  energy  lost 
Execute:  r«»,:  - [y|F* 

uiv*'  (334x10  r kg  1(8.35 x|0'  ms)' 


- 


W\ 


2|  1.602x10  '•  Cl 


7.27x10'  V - 7.27  kV 


EVALUATE:  The  deulron  has  a much  larger  mass  to  charge  ratio  than  an  electron  so  a much  larger  B is  required 
for  the  same  v and  R.  The  deulron  has  positive  charge  so  gains  kinetic  energy  when  it  goes  from  high  potential  to 
low  potential. 

IDENTIFY : l or  motion  in  an  arc  of  a circle,  ct  - — jnd  the  net  force  is  radially  inward,  toward  the  center  of  the 

R 

circle. 

SET  UP:  The  direction  of  the  force  is  shown  in  Figure  27.22.  The  mass  of  a proton  is  1 .67  x 10  * kg  . 

EXECUTE:  (a)  F is  opposite  to  the  right  -hand  rule  direction,  so  the  charge  is  rvgativc.  F - ™ gives 

, „ . i'1.  1W1„  . klSfl  3(1.60“  10  " CK0.25O  TK0.47S  m)  ,B1 

lu  — . tf-90  andr-i_! - 2.K4 « 10  me. 

1,1  R m 13(1.6?  * 10  " kg) 

(b)  Ft  -|v|>fl«nd -3(1  60-10  “ 0(3.84-10*  n»%X0.250  T)iin90‘  - 341-10  " N. 

m - mgs  13(1 .67*  10  • kg|(9.80nv*')- 1.96-10'“  N . The  magnetic  tone  u much  larger  than  the  weight  of  the 
particle,  so  it  is  a very  good  approximation  to  neglect  gravity. 

Evaluate:  <c)  The  magnetic  force  is  always  perpendicular  to  the  path  and  does  no  work.  The  particles  move 
with  constant  speed. 


• Ik  • 


• P 


Figure  2732 

Identify:  ILxampV:  27.3  shows  thit  B — — . where  f is  the  frequency,  in  llz.  of  the  electromagnetic  waves 


that  are  produced. 

SET  L’P:  An  electron  has  charge  q - -r  and  ma.es  ni  - 9.1 1 x |(l  1 kg.  A proton  has  charge  q - -te  and  mass 
iw- 1.67x10“"  kg. 


Execute:  (a)  B 


*n2.Tf  (9.11x10  “ ksl2.Tt  3 .00  x 1 0i;  I lz» 

~R 


1 1 60x10  "Cl 


107  T.  TTiis  ts  about  2.4  times  th:  creates! 


magnitude  of  nagnctic  field  yet  obtained  on  earth. 

(b)  IVotons  have  a greater  nxiss  than  the  electrons,  so  a greater  magnetic  field  would  be  required  to  accelerate  them 
w ith  the  same  frequency  and  there  would  be  no  advantage  in  using  them 
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27.24. 


27.25. 


27.26. 


27.27. 


EVALUATE:  Electromagnetic  waves  with  frequency  f - 3.0  Til/  have  a wavelength  in  air  of 

?. 3.0  * 10  * m.  The  shorter  tb:  wavelength  the  greater  the  frequency  and  the  greater  tb:  mignctic  field  that 

is  required,  B &pcnds  only  on/ and  on  the  inass-tocharge  ratio  of  the  particle  that  moves  in  the  circular  pith. 
iDt.vim  : The  magnetic  force  on  the  beam  bends  it  through  a quarter  circle. 

SET  UP:  The  distance  that  particles  in  the  beam  travel  is  * • R(h  and  the  radius  of  the  quarter  circle  is  R - mw'qB. 
Execute:  Solving  for  /<  gives  R - s>'0  - si(nf2)  -1.18  cm  (x‘2)  - 0.75 1 cm  Solving  for  the  magnetic  field: 

H - mi'qR  - < 1 .67  x 10  r kg«I200  m 1 .60  - 10  '‘CKO.00751  m)l  - 1.67-  10  'f 

Evaluate:  This  field  is  about  10  tirrcs  stronger  than  the  Earth's  magnetic  fWld.  hut  much  weaker  than  many 
laboratory  fields. 

IDENTIFY:  When  a particle  of  charge  -e  is  accelerated  through  a potential  difference  of  magnitude  V%  it  gains 


kinetic  energy  eV.  When  it  moves  in  a circular  pith  of  radius  R.  its  acceleration  rs  — . 

R 

SET  UP:  An  electron  has  charge  ff  - - -1 .60*  10  " C and  mass  9.1 1 x 10  11  ku . 


Execute:  =*V  and 


-m 


2(1.60-10  " CM2.00xl0'  V) 


9.11x10  *'  kg 


2.65  « !0' mb  . F - mi  uiv» 


EVALUATE:  The  smillcr  the  radius  of  the  cireular  path,  the  larger  the  imgnilixle  of  tb?  mignctic  field  tbit  is 
required. 

iDFVIlt^ : After  being  accelerated  through  a potential  ditVcrcnce  I*  the  ion  has  kinetic  energy  qV.  The 
Acceleration  in  the  circular  path  is  v*  tR. 

SET  UP:  The  ion  has  charge  «/-+<•. 

Execute:  WWmd  ^ 

mv  (1.16x10  * kuK7.79xl04  ins) 


9 - 90“  f - ffM  gives  - ii— . R - 1-|— 


7.81x10  m = 7. 


(1.60x10  C >0.723  T) 

Evaluate:  The  larger  the  accelerating  voltage,  the  larger  the  speed  of  the  particle  and  the  larger  tbc  radius  of  its 
path  in  the  magnetic  field. 

(a)  IDENTIFY  and  SET  Up:  Eq.<27.4)  gives  the  total  force  on  the  proton  At  t - 0. 

F-qV-B  qlvJ  + vk\xBj=qvAi  ^ -(■  <«<>«10  ' C|(2.00«10'  m*)(0_500  T)/-(l.60-l0'  - N )/ 

(b>  Yes.  Tb:  clectnc  field  exerts  a force  xn  the  direction  of  the  electric  field,  since  the  charge  of  the  proton  is 
positive  and  tb:rc  is  a component  of  acceleration  in  this  direction. 

(c)  EXECUTE:  In  the  plane  perpendicular  to  B <thc  it*  plane  I the  mixtion  is  circular.  But  there  is  a velocity 
competent  in  the  direction  of  B . so  tb:  motion  is  a helix.  The  electric  field  in  the  +r  direction  exerts  a force  in 

the  +/  direction.  This  force  pnxluccs  an  acceleration  in  the  -ti  direction  and  this  causes  the  pitch  of  the  helix  to 
vary.  The  force  does  not  atTcct  the  circular  motion  in  tbc  yr«  plane,  so  tbc  electric  ftekl  docs  not  affect  tb:  rxlius  of 
the  helix. 

(d)  iDLNim  and  SET  Ur:  Eq.127.12)  and  T - 2jtUo  to  calculate  the  penod  of  the  motion  Calculate  a, 
produced  by  tb:  clectnc  force  and  use  a constant  acceleration  equation  to  calculate  the  displxement  in  the  x» 
direction  m time  J72. 

EXECUTE:  Calculate  tbc  period  T.  m - [/|tf  m 

2-t  v-  2c(l.67xl0  '’  kg)  . . , 

I - 2—  - ; , : 1.312*  10  t Then  I -T/2-  6.56-10  *.  i - 1.50-10' ‘mb 

« (1.60.10  "C  1(0.500  T)  •' 


F (1.60*10  C 1(2.00 -10'  ViTn) 

. : ' -1.916-10”  mb; 

m 1 .67x1 0'1  kg 


x-x. -(1.50x10*  m»H6.56-IO  ' *)* {(1.916x10”  mb,)(6.S6xlO'*  *)’  - 1 ,40cm 

EVALUATE:  The  eloriric  and  magnetic  fields  arc  in  the  some  direction  but  produce  forces  that  are  in 
perpccxlicular  directions  to  each  other. 
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27.28. 


27.29. 


27.30. 


27.31. 


luivim : For  no  deflection  the  magnetic  and  electric  forces  must  be  eqiul  in  magnitude  and  opposite  in 
direction. 

Si:r  L’P:  ! - E/B  for  no  deflection.  With  only  the  magnetic  force.  |qjv£  - mv2  !R 

EXECUTE:  (a)  i - EfB  =<1.56-  10‘V/m  )/(4.62.10  ‘ T1  = 3.38  - 10‘ittf*. 

(b>  The  directions  of  Ihe  three  vectors  !.  f ami  B arc  sketched  in  Figure  27.28. 

mv  <9.11.10  '' kg)(3.38. 10*  n.*t 

(cl  « - n — 4.17x10  in. 

\q\B  (l.60x  10  CK4.62  x 10  T) 

r-ffl-  — - 2,t<41?'  10  nlt  ;7.74xl0-s. 

\q\B  v <3.38xl0*m>s) 

Evaluate:  For  the  field  directions  shown  in  Figure  27.28.  the  electric  force  is  toward  the  top  of  the  page  and 
the  magnetic  force  is  toward  the  bottom  of  the  pace. 


Figure  27.28 

iDEMltY:  For  the  alpha  partiefc*  to  emerge  from  the  plates  undetected,  the  magnetic  force  on  them  must 
exactly  caned  the  electric  force.  The  buttery  produces  an  electric  field  between  th:  plates,  which  acts  on  the  alpha 
particles. 

SKI  L’P:  First  use  energy  conservation  to  find  the  speed  of  the  alpha  pirtirlcs  as  they  enter  the  plates:  qV-  I 2 mV\ 
The  electric  field  between  the  plates  due  to  th:  battery  is  E -IV  For  th:  alpha  particles  not  to  be  deflected,  the 
magnetic  force  must  cancel  the  electric  force,  so  qvB  - qE.  giving  B - £>V. 

EXECUTE:  Solve  for  the  speed  of  the  alpha  particles  just  as  they  enter  the  region  between  the  plates.  Their  charge 

is  2c. 


)2<2e>r  J4(l. 60 x 10  *vCl(l750V) 

' \ ~j  V 6.64  x 10  • kg  411 


x 10'  m s 


The  electric  field  between  th:  plates,  produced  by  the  battery,  is 

E - V\id  -(150  V>  (0.00S20  m)  - 1 8.300  V 
The  magnetic  force  must  cancel  th:  electric  force: 

B - Eiva  - ( I S.300  V)'(4  1 1 . I O'  ms)  - 0.0445  T 

The  magnetic  field  is  perpendicular  to  the  clcctnc  field.  If  the  charges  arc  moving  to  the  right  and  the  electric  field 
poonts  upward,  the  magnetic  field  is  out  of  the  page. 

EVALUATE:  The  sign  of  the  charge  of  the  alpha  particle  does  not  enter  the  problem,  so  negative  charges  of  the 
same  magnitude  would  also  not  he  deflected. 

iDEVIItY:  For  no  deflection  the  magnetic  and  electric  forces  must  be  cquil  in  magnitude  and  opposite  in 
direction. 

SKI  Up:  v - E : B for  no  deflection. 

Execute:  To  pass  undcflcctcd  in  both  cases.  E=vB  = (5.85  x 10'  m/sH  1.35  T>  = 7898  N/C. 

(a)  If  q - 0.640 x 10  * C.  the  ckctric  held  direction  is  given  by  -(Jx \-k ))  — i.  since  it  must  point  in  the  opposite 
direction  to  the  magnetic  force. 

(b»  If  q = - 0.320  xl0*C\  the  electric  field  direction  is  given  by  ((- /)  x (-A  ))-  i.  since  the  electric  force  must 
point  in  the  opposite  direction  as  the  magnetic  force.  Since  the  partarlc  has  negative  charge,  the  electric  force  is 
opposite  to  the  direction  of  the  electric  field  and  th:  mignctic  force  is  opposite  to  the  direction  it  has  in  part  l a). 

E VALLATE:  The  sanv  configuration  of  electric  and  magnetic  fields  weeks  as  a velocity  selector  for  both 
positively  and  negatively  charged  particles. 

IDENTIFY  and  SKI  LK  Use  the  fields  in  the  velocity  selector  to  find  the  speed  v of  the  particles  that  pass  through 
Apply  Newton's  2nd  law  with  a - v*  •'  R to  the  circular  motion  in  the  second  region  of  the  spectrometer.  Solve  for 
the  mass  m of  the  ion. 

EXECUTE:  In  the  velocity  selector  ^|/f  = \q\vB 

12x10' V/m 


E 

1 Tf  0.540  T 


2.074 x 10  ms 
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In  the  region  of  the  circular  path  V F ~ mm  give*  li/lv#  ~ »*'•'/?  I *o  ni  - LI&# 


\ 


Singly  charged  ion.  so  |/|  - -te  - I 602  x 1(1  i 


[1.602  x 10  v C:X0.3I0  mu >-540  T'l  } 
2.074x10' nv* 


29x10"*  kg 


Mast  number  - mats  in  ati>m ie  mats  units,  so  is  — ■ 78. 

1.66x10  ‘ kg 

Evaluate:  Appendix  D gives  the  average  atomic  mats  of  selenium  to  be  78.96.  One  of  its  isotopes  has  atomic 
mast  78. 

27.32.  IDENTIFY  and  si:r  Vr:  For  a velocity  selector.  E - vB.  For  parallel  plates  with  opposite  charge.  V - Ed. 
Execute:  (a)  £ » vB  = (1.82  X 10*  m/t  *0.650  T)  - 1 . 18  X 10*  V/m. 

( b)  V - Ed  ^ (1 . 1 8 x 1 0*  V/m)(5.20 x 10  J ml  - 6.14  kV. 

Evaluate:  Any  charged  particle  with  v = 1.82  x \tf  m/s  will  pass  through  undeflected,  regardless  of  the  sign 
and  magnitude  ofifci  chirgc. 

27.33.  IDEMIFY:  The  magnetic  force  « F - ////sin#  For  the  wire  to  be  completely  supported  by  th:  field  requires  Ihit 
F — mg  arxl  thal  F and  h*  arc  in  opposite  directions 

SET  LtP:  The  magnetic  force  is  maximum  when  6 - ^0°-  The  gravity  force  is  downward. 

Execute:  (a)  HB  - mg.  / - — 111  * 1 — - 1.34  x 104  A.  Thit  is  a very  large  current  and  ohmic 

IB  (2.00  m *0.55 x 10  T) 

heating  dta:  lo  the  resistance  of  the  win:  would  be  severe;  such  a current  isn't  feasible. 

<b)  The  magnetic  force  mutt  h:  upward.  The  directions  of  /.  B and  F are  shown  in  Figure  27.33,  where  we  have 
assunxd  that  B is  south  to  north.  To  produce  an  upward  imgnetic  fcece.  th:  current  must  be  to  Ihc  cast.  The  wire 
mutt  he  horizontal  and  perpendicular  to  the  earth's  magnetic  held. 

EVALUATE:  The  magnetic  force  it  perpendicular  to  both  the  direction  of  /and  the  direction  of  B 

N 


* 


Figure  27J3 


27.34.  IDEMTFY:  Apply  /’-////sin#. 

SET  Up:  / - 0.0500  m is  th:  length  of  wire  in  the  magnetic  field  Since  th:  wire  is  perpendicular  lo  B.  # - 90 V 

Execute:  F-IIB  ^ ( 10.S  A)(0.0500  m)(0.550  T>  - 0.297 

EVALUATE:  The  force  per  unit  length  of  wire  is  proportional  to  both  B and  /. 

27.35.  IDEM1FY:  Apply  F - HB sin#. 

Set  Up:  Lah:l  the  three  segments  in  the  field  at  a.  b . and  c.  Ld  x be  Ihc  length  of  segment  a.  Segment  h his 
length  0.300  m and  segment  c has  length  0.600  cm  - x.  Figure  27.35a  shows  the  direction  of  the  force  on  each 
segment.  For  each  segment.  # - 90^.  The  total  force  on  the  wire  it  the  vector  turn  of  the  fccccs  on  each  segment. 
Execute:  f>//*^(4.S0  A)*(0.240T).  F -<4.50  AX0.6O0  m-xK0.240TE  Since  F and  F arc  in  the 


same  direction  their  vector  sum  hat  magnitude  Fm  - FA  + Ft  -<4.50  A|<0.600  mX0.240  T)  - 0.648  N and  it 
directed  toward  the  bottom  of  the  page  in  Figure  27.35a.  J\K  - (4.50  A *0.300  m)|  0240  T)  - 0.324  N and  is 
directed  to  the  right  The  vectcr  addition  diagram  for  F \ and  F%  is  given  in  Figure  27.35b. 

F - » F,1  - ,/<0.648  Ni’  •.  (0.324  NV  - 0.724  N.  unfl  and  0-  634".  The  nel  force  ha* 

magnitude  0.724  N and  its  direction  is  specified  by  0 - 634°  in  Figure  27.35b. 
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EVALUATE:  All  three  current  segments  arc  perpendicular  to  the  magnetic  field.  so  $ - 90“  for  cich  in  the  fcccc 
equation.  The  direction  of  the  force  on  a segment  depends  on  the  direction  of  the  current  for  that  segment. 


W <b) 

Figure  2735 


27.36.  IDENTIFY  and  SET  Up:  F - HBunt . The  direction  of  F is  given  by  applying  the  right-hand  rule  to  the 

directions  of  / and  B 

EXECUTE:  (a)  The  current  and  field  directions  are  shown  in  Figure  27.36a.  The  right-hand  rule  gives  that  F is 
directed  to  the  south,  as  shown.  ^-90*  and  F -(I.20AK1 .00x10' '*  m)0.58S  T>  - 7.06 x 10  4 N . 

<l>)  The  right-hand  rule  gives  that  F is  directed  to  the  west,  as  shown  in  Figure  27.36b.  d - 9 (f  and 
F - 7.06  x 10  N . the  same  as  in  pin  (a). 

(c)  The  cuncnt  and  field  directions  are  shown  in  F igure  27.36c.  The  right-hand  rule  gives  that  F is  60.0*^  north  of 
west,  fi  - 90**0  F = 7.06  x 10  1 N . tlx  same  as  in  part  fa). 

EVALUATE:  In  each  ease  the  current  direction  is  perpendicular  to  the  mignctic  field.  The  magnitude  of  the 

magnetic  force  is  the  same  in  each  case  but  its  direction  depends  on  the  direction  of  the  magnetic  field. 


N 


Figure  2736 


27.37.  Identify  : F - IIB sin^ 


27.38. 


27.39. 


SET  UP:  Since  the  field  is  perpendicular  to  the  rod  it  is  perpendicular  to  the  current  and  d - 90°  . 


Execute: 


L ‘111* -9.7  A 

IB  (0.200  m)(0.067  T) 


Evaluate:  The  force  and  current  arc  propcvtianaL  We  haw  assumed  that  the  entire  0.200  m length  of  the  rod  is 
in  the  magnetic  field. 

Identify:  Apply  F -//  * B 

SET  Up:  The  magnetic  field  of  a bar  magnet  points  away  from  the  north  pole  and  toward  the  south  pole. 
EXECUTE:  Between  the  poles  of  the  magixl.  the  magnetic  field  points  to  the  right  Using  the  fingertips  of  your 
right  hand,  rotate  the  current  vector  by  90°  into  the  direction  of  the  magnetic  field  vector.  Your  thumb  points 
dowmvard  which  is  the  direction  of  the  magnetic  force. 

EVALUATE  If  the  two  inagxxts  had  their  poles  interchanged  then  the  force  would  be  upward 
IDENTIFY  and  SET  UP:  The  magixlic  force  is  given  by  Eiq.f27.l91.  F,  - mg  w hen  the  bar  is  just  ready  to  V^  itate 
When  I becomes  larger,  Ft  > mg  and  F.  - mg  is  th:  net  force  that  accelerates  the  bar  upward.  Use  Newton's  2nd 
law  to  find  the  acceleration. 
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27.40. 


27.41. 


27.42. 


27.43. 


mv  (0.750  kg)  9.80  m V ) 

(a)  ExtCLTl:  /IB  - mg,  l - -2- — 32.67  A 

IB  (0.500  m)|0.450T) 

€ - IR  - (32.67  A )( 25.0  n)  = 8 1 7 V 

(!»  R ^10  a / R -(8167  V).'|  2.0  O)-  408  A 

Ft-IIB*  92  N 

a*{F(-mg\>  m - 1 13  m's* 

Evaluate:  / increases  by  over  an  order  of  magnitude  when  R changes  to  Ft  » nig  and  a is  an  order  of 
magnitude  larger  than  g. 

Idea  I it Y : The  magnetic  force  FA  mud  be  upward  and  equil  to  mg.  The  direction  of  Fy  is  determined  by  the 
direction  of  / in  the  circuit. 

SET  Up:  Fm  - I/Bs in^ , with  ^ - 90* . / - — . where  V is  the  battery  voltage. 

R 

Execute:  (a)  The  forces  arc  shown  in  Figure  27.40.  The  current  / in  the  bar  must  he  to  the  right  to  produce 
Fv  upward.  To  produce  current  in  this  direction,  point  a must  be  the  positive  termini!  of  the  battery. 

* g % (5.0011119.8(1  nn  l 6 

EVA1.UATE:  If  the  battery  had  oppowte  polarity,  with  point  a ax  the  negative  terminal,  then  the  current  would  be 
clockwise  and  the  magnetic  force  would  be  downward. 

‘ rA 


. .V 


my 

Figure  27.40 

iDEMItY : Apply  F - //  x B to  each  segment  of  the  ccmductcff:  the  straight  section  parallel  to  the  .r  axis,  the 
semicircular  section  and  th:  straight  section  tbit  is  perpendicular  to  the  plane  of  the  figure  in  Example  27.8. 

SET  UP:  B - BJ  . The  force  is  zero  when  the  current  is  along  the  direction  of  B . 

EXECUTE:  (a)  The  force  cm  the  straight  section  along  the  -Mxis  is  zero.  For  the  half  of  the  semicircle  at 
negative  a*  the  force  is  out  of  the  page.  For  the  half  of  the  semicircle  at  positive  x the  force  is  into  the  page.  The  net 
force  on  the  semicircular  section  rs  zero.  The  force  cm  the  straight  section  that  is  perpendicular  to  th:  plane  of  the 
figure  is  in  the  r dinretion  and  has  magnitude  /’  - /LB.  The  total  magnetic  force  on  the  conductor  is  /LB.  in  the 
>*dircction. 

EVALUATE:  (b)  If  the  semicircular  section  is  replaced  by  a straight  section  along  the  r -axis,  then  the  magnetic 
force  on  that  straight  section  would  be  zero,  the  same  as  it  rs  for  the  semicircle. 

IDE  vim:  z - SAB  sin  p . The  magnetic  moment  of  the  loop  is  g-  JA  . 

SET  UP:  Since  the  plane  of  the  loop  is  parallel  to  tfo:  field,  the  f*:ld  is  perpendicular  to  tfo:  normal  to  the  loop  and 
P -90° . 

Execute:  (a)  r-/AB-(62  AK0.050mK<l0HOmK0.19T)- 4.7x10  ‘ N m 
(b ) fi-SA^  (62  A)(0.050  mXO.OSO  m l = 0.025  A in: 

EVALUATE:  The  torque  is  a maximum  when  the  field  is  in  the  plan:  of  the  loop  are!  p - ,XlC/ . 

IDEMItY:  The  period  is  T - 2rr/v  . the  current  is  Qft  and  the  magnetic  moment  rs  //  - /A 
SET  UP:  The  electron  has  charge  -c  . The  area  enclosed  by  the  ixbit  is  ;rr‘ . 

Execute:  (a)  T - 2*r/v  - 1.5  xio  ** 

(b)  Charge  -c  passes  a point  on  the  orbit  once  during  ca:h  period,  so  / - Q/t  - cjt  -1.1  mA 
(c > f!  ^ H = ha‘  = 9.3 * 10  * A- m' 

Evaluate:  Since  the  eVxtron  has  negative  charge,  the  direction  of  the  current  is  opposite  to  the  direction  of 

motion  of  the  electron. 
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27.44.  IDF.NI1FY:  z - SAB  sin  p.  where  p is  the  angle  between  B and  the  nornxil  to  the  loop. 

S*:r  L’P:  The  coil  as  viewed  alcaig  the  axis  of  rotation  is  shown  in  Figure  27.44a  for  its  original  positxm  and  in 
Figure  27.44b  after  it  has  rotated  30.0*. 

Execute:  (a)  The  forces  on  each  side  of  the  coil  arc  shown  in  Figure  27.44a.  F > F2  - Oand  Ft+F4  - 0 . The 
net  force  on  the  cool  is  z^ro.  p _ O’  and  «nrf  - 0 . so  r - 0 . The  forces  on  the  coil  produce  no  torque. 

<b)  The  net  force  is  slill  zero.  p - 30.0’  and  the  net  torque  is 

r = (1)11.40  A >0.220  m)(0.350  mKl.50  T)  sin  30.0°  = 0.CS0S  N m . The  net  torque  is  clockwise  in  Figure  27.44b 
and  is  directed  so  as  to  increase  the  angle  p . 

Evaluate:  For  any  current  loop  in  a uniform  magndic  field  the  net  force  on  the  loop  is  zero.  The  torque  on  the 
loop  depends  on  the  oocntotion  of  the  plane  of  th:  loop  relative  to  the  magnetic  field  direction. 

F> 

/ 


<•) 

Figure  27.44 

27.45.  IDENTIFY:  The  magnetic  field  exerts  a torque  on  the  cuncnl -carrying  coil,  which  causes  it  to  turn.  We  can  use 
the  rotaticeial  form  of  Newton’s  second  law  to  find  the  angular  acceleration  of  th:  coil. 

SET  L’P:  The  magnetic  torque  is  given  by  1 - p * B . and  the  rotational  form  of  Newton's  secood  law  is 
r = /«  . The  magnchc  field  is  pirallel  to  the  plane  of  the  loop. 

EXECUTE:  (a)  The  coil  rotates  about  axis  because  the  only  torqu:  is  alcmg  top  and  bottom  sides  of  the  coil. 
<b>  To  find  the  moment  of  inertia  of  the  coil,  treat  the  two  1 .()0-m  segments  as  point-masses  (since  all  the  points  in 
them  an:  0.250  m from  the  rotation  axis  I and  the  two  0.500-m  segments  as  thin  uniform  bars  rotated  about  their 
centers.  Since  the  coil  is  uniform,  the  mass  of  each  segment  is  proportional  to  its  fraction  of  the  total  penm^er  of 
the  coil,  lixh  1.00  m segment  is  13  of  the  total  perimeter,  so  its  mass  is  (1/3X210  g)  - 70  g - 0.071)  kg  The  mass 
of  each  0.500-m  segment  is  half  this  amount,  or  0.035  kg.  The  result  is 

/ - 2<0.07D  kg)(0.250  m>‘  * 2^<0.03S  kgK<>500  ml'  - 0.0102  kc  m' 

The  torque  is 

|t|  |«'«|  ” tABimW  - (2.00  AMO.SOO  mil  1.00  mM3.<K)  Ti -3.00  N m 
IJung  the  above  values,  the  rotational  feem  of  Newton’s  second  law  gives 

= 290  rad's" 

/ 

EVALUATE:  Thrs  angular  acceleration  will  not  continue  because  the  torque  changes  as  the  coil  turns. 

27.4b.  IDENTIFY  : r = js*B  and  U = -fjB cos** . where  = MB  . z = //Bun#  . 

SET  L’P:  p is  th:  angle  bdween  B and  the  uoriml  to  the  plane  of  the  loop. 

EXECUTE:  (a)  p - 9CT.  r - A7.4tfsin|90:)  = MAB.  direction  k x j - -/.  U - - >/B cc*p  - 0. 

<b>  p - 0.  r - A7,f/fein|0>  - 0.  no  direction  V - - pffcosp  - - SLAB. 

(c)  p -90°.  r - SLAB  sin(90»)  - SLAB,  direction  - k x } - i.  U - - //Bewfi  - 0. 

<d>  p - ISO* : r - SLAB  sin<  1 805)  - 0.  no  direction.  Lr  - - fiti  cos<  1803)  * SLAB. 

Evaluate:  When  rbs  maximum.  V -0  . When  |L’|  is  maximum,  r - 0. 

27.47.  IDENTIFY  and  SET  L’r:  The  potential  energy  is  given  by  I;q.(27.27):  IS  = p B The  scalar  product  depends  on 
the  angle  between  //  and  B. 

Execute:  For  n and  B parol  XT.  p = 0:  and  /x  B-  fjB  cosp  - }/B  For  /i  and  B antiparallel, 
p - ISO*  and p B - //if  cosp  - -fiB 
l\  = +jjB.  L\  = -jjB 

A V ^ (/,-(/,  - -2fjB  - -2(1 .45  A m*  >0.835  T)  = -2.42  J 

EVALUATE:  V is  maximum  when  /j  and  B ore  antiparallel  and  minimum  when  they  arc  pirallel  Whm  the  coil 
is  rotated  as  specified  its  imgnetic  potential  energy  decreases. 
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27.48. 


27.49. 


27.50. 


IDENTIFY  : Apply  Eq<27.29)  in  order  to  calculate  /.  The  power  drawn  from  the  line  is  - / \\K . The 

mechanical  power  is  the  power  supplied  minus  the  /*r  electrical  power  loss  in  the  internal  resistance  of  the  motor 
s»:r  CP:  V+  ■=  120V  , £ * I0S  V , and  r * 3.2  12 . 

Execute:  120  v~ 105  v ,4.7  a. 

r 3.2 12 

(b|  Pmm^  = = (4.7  AX  120  V)  = 564  W. 

(c>  P^  = /i;4  - / V a 564  W - (4.7  A)2 (3.2 121  - 493  W 

EVALUATE:  If  the  rotor  isn't  turning.,  when  the  motor  is  first  turned  on  or  if  the  rotor  hearings  fail,  then  £ -0 
ind  / 


37.5  A . This  large  current  causes  large  />  heating  and  can  trio  the  circuit  breaker 


3.2  12 

IDENTIFY:  The  circuit  consists  of  two  parallel  branches  with  the  potential  difference  of  1 20  V applied  across 
each.  One  branch  is  the  rotor,  represented  by  a resistance  R,  and  an  induced  emf  that  opposes  the  applied 
potential.  Apply  the  locfi  rule  to  each  parallel  branch  and  use  the  junction  ruV:  to  relate  the  currents  through  the 
field  coil  and  through  the  rotor  to  the  4.S2  A supplied  to  the  motor. 

S»:r  tTP:  lb c circuit  is  sketched  in  figure  27.49. 


r = 4X2  A 


£ is  the  induced  emf  developed  by 
the  motor.  It  is  directed  so  as  to 
appose  the  current  through  the  rotor 


Figure  27.49 

EXECUTE:  (a)  The  field  coils  and  the  rotor  arc  in  parallel  with  the  applied  potential  different  V%  so  V 

i. 2LJ2S1-i.ua. 

1 Rt  11)612 

(It)  Applying  the  junction  rule  to  point  a in  the  circuit  diagram  give*  0. 

/,  = /-/,  ^4.82  A -1.13  A ^3.69  A. 

(c>  The  potential  drop  across  the  rotor.  /./?,  -f  £,  must  equal  the  applied  potential  ditTcrencc  V : 1*  - ift  + £ 
S-y-1,1 ^ =120  V-(3.69  A)|5.9ll|=98.2  V 

(d)  The  mechanical  power  output  rs  the  electrical  power  input  minus  the  rate  of  dissipation  of  electrical  energy  in 

the  resistance  of  the  motor: 

clcctrxal  power  input  to  the  motor 

P„  = IV  = J4.82  A |(120  V)  = 578  W 

electrical  power  k>ss  in  the  two  resistances 

+//*  = (!  O A)1  ( 106 11 1 ♦ (3.69  A)1  ( 5.9  11)  = 216  W 
mechanical  power  output 

»Pm-P^  -578  W -216  W ^ 362  W 

The  mechanical  power  output  rs  the  power  associated  with  the  induced  emf  £ 

Pi.*P,=  SI,  = (982  V )( 3 69  A)  = 362  W.  which  agree*  with  the  abo»e  calculation 

Evaluate:  The  induced  emf  reduces  th:  anxiunt  of  current  that  flaws  through  the  rotew.  This  motor  differs  from 
the  one  described  in  lixomple  27. 12.  In  that  example  the  rotor  aixl  fWlti  coils  are  connected  in  series  and  in  this 
problem  they  arc  in  parallel. 

IDENTIFY:  The  field  and  rotor  coils  arc  in  parallel,  so  - I{R(  - £ + IRt  and  /-/,+/.  w here  / is  the  current 
drawn  from  the  liix.  The  power  input  to  the  motor  is  P - VUJ.  The  power  output  of  the  motor  is  the  power  input 
minus  the  electrical  power  looses  in  th:  resistances  and  fnclion  losses. 

SETUP:  - 1 20  V.  / - 4.82  A. 

120  V 


EXECUTE:  (a)  Field  current  / 


2 US  12 


- 0.550  A. 


(h|  Rotor  current  /-/-/-  4.82  A - 0.550  A - 4.27  A. 
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27.51. 


27.52. 


(c)Ka£f/,H  and  t = V -/./?.=  120  V -(427  A)f5.9n>  - 94.8  V. 

(<l>  Pt=i}R<  = (0.550  A)2(21 8 fi)  = 65.9  \V. 

|e>  P,  = /;/{,  =(4.27  A)2<5.9«)  = IDS  W. 

(f»  Power  input  - (120  V)  (4.82  A)  - 578  \V 

* v r C 578  W - 65.9  W -108  W- 45  W)  359  W n r . 

W Efficiency  - = 0.62 1 . 

P^t  578  W 578  W 

Evaluate:  J'R  kisses  in  the  resistance  of  the  rotor  and  Ftckl  coils  an:  larger  than  the  Friction  losses  for  thi% 

motor 

IDEVITFY:  The  drift  velocity  is  related  to  the  current  density  by  Eq.(25.4».  The  electric  field  is  determined  by  the 
requirement  that  the  electric  and  magnetic  forces  on  the  current -carrying  charges  are  equal  in  magnitude  and 
opposite  in  direction. 

(a)  SET  Ur:  The  section  of  the  silver  nbbon  is  sketched  in  Figure  27.51a. 

'3— 


T 

UOIIKm 

* 


J = /i 


to  - 


T\ 


Execute: 

J 


'-i 


Figure  27.51a 

/ 120  A 

“’(0.23x10  * ml(0Ol  18  m> 

4.7x10  ‘ m s -4.7  mms 


4.42  x|0:  A m 


4.42x10  Am 

‘ (S. US  xIO*  7 mJ)(  1.602x10'"  C) 

1 1»  > magnitude  of  E 

M£.*MVA 

E,  = vt,B<  =<47x10  1 mbXO-95  T)  = 4.5x10*'  V/m 
direction  of  /. 

The  drift  vekurity  of  the  electrons  is  in  tlie  opposite  direction  to  the  current,  as  shown  in  Figure  27.51b. 


At 


f - qv  x B 


Bl 


fG> 

Figure  27.51b 

The  directions  of  the  electric  and  magnetic  forces  on  an  electron  in  the  rtobon  are  shown  in  Figure  27.51c. 


^ Ft  must  oppose  Ft  so  FA 

I is  in  the  -r-dircction 

i * 

Figure  27.51c 

Fc  = qE  - -cE  so  E is  opposite  to  the  direct iixi  of  Fx  and  thus  /;  is  in  the  +r -direction. 

(c>  Tlie  Hall  emf  is  the  potcntul  difference  between  the  two  edges  of  the  stnp  (at  r - 0 and  r * r,  ) that  results  from 
the  electric  field  calculated  in  part  (b).  £lut  = E:t  = (4.5x10  * V'mXO.OI  IS  m)  = 53  fj\r 

EVALUATE:  Even  thnugh  the  current  is  quite  large  the  Hall  emf  is  very  small.  Our  calculated  Hall  emf  is  more 
than  an  order  of  magnitude  larger  than  in  Example  27.13.  In  this  problem  the  magnetic  field  and  current  density  are 
larger  than  in  the  example,  and  this  leads  to  a larger  I lal  1 emf. 

Identify:  Apply  Eq.<27.30k 
SetUp:  A = y.r,.  E - £fzy . W-e. 


t B 


IB 


Exec  ute: 


ih 


.«„£  AhV  V.Wf 


3.7  x10s  electron! 


|7S.()  A)(2.29  T) 

’ ~ 123  x 10  * m*  1.6*  10  '"CXUlxlO  ' V> 

EVALUATE:  The  value  of  ji  for  this  metal  is  about  one-third  the  vahic  of n calculated  in  Example  27.12  r copper 
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27.53. 


27.54. 


27.55. 


27.56. 


(a)  IDENTIFY:  Use  Eiq.(27.21  to  relate  v%  B,  and  A*. 

SET  Up:  The  directions  of  v.  and  Aj  are  shown  in  Figure  27.53a. 


A'  ..  qr  x B says  that  A’  is  perpendicular 
lo  »•  and  B The  infonmtion  given  here 
ivcans  tint  B can  hive  no  r- component. 


Figure  2753a 

The  directions  of  v and  F.  arc  shown  in  Figure  27.53b. 


F is  perpendicular  to  v and  B 
have  no  .y -component. 


.vi; 


Figure  27.53b 

Doth  poeces  of  infor matron  taken  together  say  that  B «m  the  y-direction;  B - Bj. 

Execute:  Use  the  information  given  about  F}  to  calculate  F,  : A*  F:i , »':  - vi.  B - B ). 

Fs  - qv:  • B says  FJ  - qv.Bk  x j - qv.Bt(-i)  and  F,  - -q\\Bt 

Bt  = -Fj  - -FJ(q\\ ).  B has  the  magimtixle  /\  iX^v, ) and  is  in  the  - y-directioo. 

(b)  ^ -q\B\mf  - q\\  | B | J2  - FJ*J 2 

EVALUATE:  v -vt.^  is  perpendicular  to  B whereas  only  the  component  of  r,  perpendicular  to  B contributes* 

lo  the  force,  so  it  is  expected  that  F\  > Ft  f as  me  found 

Identify:  Apply  F - qv x B 

Set  Up:  Bk  = 0.450  T.  B,  ^ 0 «d  Bd  = 0. 

Execute:  F^qivB  - v B )=o. 

F ;)  = (9.45xl0'*  0X5.85x10*  m’s)(0.450  T)-2.49x  10  1 N. 

F ; - q(v,  S - v,  Bt ) = -<9.45  x 10’ 1 C)(-3. 1 1 x 1 0*  m sMO.450  T)  = 1 .32  x 10  * N. 

Evaluate:  A*  is  perpendicular  to  both  rand  B We  can  verify  that  A*  ■ r - 0.  Since  B is  alcvig  the  .Y-axis, 

v4  dors  not  atlect  the  force  components. 

IDENTIFY : TTic  sum  of  the  mignctic.  electrical,  arxl  gravitational  forces  must  be  zero  to  aim  at  and  hit  the  target. 
SET  UP:  The  magnetic  field  must  point  to  the  left  when  view  ed  in  the  direction  of  the  target  for  no  net  f«cc.  The 
net  force  is  zero,  so  ^ F - Fa-  Ff  - mg  — 0 and  qvB  qE  - mg  - 0. 

Execute:  Solving  for  B gives 

„ qE  + mg  <2500x  10  *CX27.S M €)  ♦ <0.0050  kgX9. 


ms*  > 


(2500x10*0X12  Kin  si 


3.7  T 


The  direction  should  he  perpendicular  to  the  initial  velocity  of  the  coin. 
EVALUATE:  This  is  a very  strong  magnetic  field,  but  achievable  in  some  labs. 
Identify:  Apply  rt-mv.|y|tf.  m^v/R 
Setup:  I cV-  1.60x10  **  J 

Execute:  (a)  K - 2.7  MeV  = <2.7x  10l>eV)<1.6 x 10  " jfcV)  - 4.32  - 10'"  J. 


-J“.  ^432x10  i>  b2.27x10-ixX. 
>1  m V 1.67x10  Ig 


wv  (1.67x10 

7b 


kg)(2.27 x 10  m/s) 


»•  2.27x10  ms 


- 0.1168  m Also,  ra 

R 


3.34x10*  rad  s. 


(1.6x10  C)<3.5T)  R 0.068m 

(hi  If  the  energy  reaches  the  final  value  of  5.4  McV.  the  velocity  increases  by  Jl  . as  docs  the  radius^  to  0.096  m. 
The  angular  frequency  is  unchanged  from  part  (a)  so  is  3.34  x ICf  rad  s. 

EVALUATE:  m - - SO  ta  is  independent  of  the  energy  of  the  protons.  The  orbit  radius  increases  when  the 

energy  of  the  proton  iixrcascs. 


27.57. 


27.58. 


27.59. 


27.60. 
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(a)  IDENTIFY*  and  SET  UP:  The  maximum  radius  of  the  orbit  determines  th:  maximum  speed  vof  the  protects. 
Use  Newton's  2nd  law  and  at  - vV/?  for  circular  motion  to  relate  the  variables.  The  energy  of  the  particle  ix  the 
kinetic  energy  K ■jwv. 

Execute:  y F - ma  gives  bluff  = m(v*t'R) 


t*  = 


(1.60x10  0(0.85  TX0.40  m) 
1.67x10*  kg 


3.257  x 10  nvs.  Tlx  kinetic  energy  of  a proton  moving  with  this 


speed  is  A : -Tm\2  « £(1.67x10*”  kg)(3.257xl0?  m s)* -8.9x10  11  J -5.6  MeV 
(hi  The  time  for  one  revolution  is  the  period  T - ■" 11 — !lL! — 7.7  x 10  * s 


(c)  K - imr 


Or. 


. .1.257x10  nvS 

•JlKm 


B is  proportional  to  *JlC%  so  if  K is  increased  by 


) ™ M* 

factor  of  2 then  B must  he  increased  by  a factor  of  Jl  B - Jl( 0.S5  T)  - 1 .2  T. 

(«>  ■■ . M"  . <*»« 10  * CK0g5  TK0.40  n,jiat,  ,n. 
m 6.65x10  * kg 

K - Amv1  - «r<6.65  x 10  * kg  Ml  .636x10’  ms)1  - 8.9x  10  " J - 5S  MeV,  the  same  as  the  maximum  energy  for 


EVALUATE:  We  can  see  that  the  maximum  energy  must  he  approximately  the  same  as  follows:  From  pari  <ck 
A'  - Liwj  M j . For  alpha  particles  |i/|  is  Lirger  by  a factor  of  2 and  m is  larger  by  a factor  of  4 (approximately). 

Thus  |y|  > m is  unchanged  and  K is  the  same. 

Identify:  Apply  f - q\'  x B. 

Set  Up:  v - -\j 

Execute:  (a)  F ~-q\[B  ijxi)+  B (}x })  + B \ jxi)]~  qvB  i -q\Bi 
do  B >0.  B < 0.  sign  of  B docxnY  matter 
(c)  f and 

EVALUATE:  F is  perpendicular  to  v . so  F has  no  y -component. 

IDENTIFY:  The  contact  at  a will  break  if  the  bar  nxates  about  h.  The  magnetic  field  is  directed  out  of  the  page,  so 
the  magnetic  torque  is  counterclockwise,  whereas  the  gravity  torque  is  clockwise  in  the  figure  in  the  pretolcm.  The 
maximum  cunent  corresponds  to  zero  net  torque,  in  which  case  the  torque  due  to  gravity  is  just  equal  to  the  loeque 
due  to  the  rmgnetic  field. 

SET  L’P:  The  magnclic  force  ix  perpendicular  to  the  bar  and  has  moment  arm  1/2  . where  / - 0.750  m is  the 
length  of  the  bar.  The  gravity  torque  is  —cos  60.0° 

EXECUTE:  z%ut€>  - r,  and  /wglcosbO.O0  - HBsxnW'L.  This  gives 

*vcos60.0°  (0.458kg)(9.80  m'sJ|(cos60.0°) 

/ — ■ — 1 .9.3  A 

IB» n 90°  (0.750  m)f  1 .55  TM 1 ) 

E VALL  ATE:  Once  cceitact  is  faoken.  (he  magnetic  torque  ceases.  The  90.0°  angle  in  the  expression  for  zM  is  the 
ingle  between  the  direction  of  / and  the  direction  of  B. 

Identify:  Apply  /?« 


Set  Up:  Ammik  D « R 
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27.61. 


EXECUTE:  (a)  The  path  is  sketched  in  Figure  27.60. 

(hi  Motion  is  circular  x 2 ♦ y1  = R:  =>  x - D =3  yt  = yjtt'  - D:  (path  of  deflected  panicle) 
y%  = R (equation  for  tangent  to  the  circle,  path  of  un&tlectcd  particle). 

</=  >\-l\  -R-R^\~—-R\  l-  Jl-. 


( i o'  V 

.If  R»D,d*R 

"(■-if) 

0 


1 or  a 


2R 


particle  moving  in  a micnctic  field.  Bui  inr'1  - qV.  so  R - -i.  Thus,  the  deflection 

B\  q 


J * 


q D'ti  i v 

: \2mF  2 v imv 


(e)  d - 1 0 50 m r ( 5.0» « H*  I,  I (1.6x10  ** C) . 0067  m . 6 , cm.  which  is  fairiy 

2 y2(9.llx!0  “ kgXTSOV) 


significant. 


Evaluate:  In  port  (c).  R L - lL  _ J 1L  - 3.7 D ami  J -ly  I - 14  , so  th:  approximation  mide  in 

pari  <b)  is  valid. 


iDf.MItY  and  SET  Ur:  Use  Eq.(27.2)  to  relate  qJ-  B and  F.  The  force  F and  a are  related  by  Newton's  2nd  law 
if  = -<0.120  T)£.r  =<1.05x10*  msX  - 3/  *f  4/* r 1 2k ).  F = 1 .25  N 
(a)  EXEC  I'll:  F -qv  * B 

F - •yr-0.120  TH!.05x|0‘  ms*  -3r?xi  -*  4 )»i  *12 k *k) 
i*i  = -j.Jx6  = i.k*i-  0 

F = -*(1.26x10*  NCX+3j  + 4f>  = -*(1.26xlO*  N.CXt4r;^3/l 

The  magnitude  of  the  vector  t4r  +3  / is  ^ -t-  4‘  = 5.  Thus  F = -*<1.26x10*  N.TTX5). 


-1.98  x10  ‘C 


F 1.25  N 

q 5(1.26x10'  N,C)  " 5(1.26x10*  N7C1 
(b)  ]T  F = md  so d - F'm 

F - -*( 1 .26 x 10'  NKTX+tf  1 3j)  = -(-1 .98 xlO  * CK1 .26x10*  NfCXUi  -f  3y>  = *0.250  N<  *4/  + 3>) 
0.250  N 


(+4i + 3y)  = {9.69x10*  ms*)(^t3/| 


Thee  a - F im  = , 

2.58x10  ” kg 

(c)  IDENTIFY  and  SET  Uf:  F is  in  the  Airplane,  so  m the  redirection  the  paiticV:  moves  with  constant  speed 

12.6x  10*  ms.  In  the  ri'planc  the  force  F causes  the  particle  to  move  in  a circle,  with  F directed  in  towards  the 
center  of  the  circle. 

EXKCUIE:  Y F - ma  give*  F - ni<  i*  IR)  and  R - mv'  IF 
v*  = y-  r i (-3. 15-10*  mfe)1  -tf-4.20-10*  mil1  - 2.7S6 -10"  mV 
F = Jf.‘  F-  - <0.250  N iV4‘  ■*  -V  - 1.25  N 
ff  _ -n'  ,258-!,)  -kgH2.756.iO-m--  O „ ^ a S69  cm 
F 125  N 
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27.62. 


27.63. 


27.64. 


27.65. 


(d)  IDENTIFY  and  SET  Ur:  By  Eq.<27.12)  the  cyclotron  frequency  is  / = t»(2ic  - yflxR. 

EXCCtTE:  The  circular  motion  is  in  the  tt  plane.  so  v - Jv]  + v\  = 5.25  x 10'  m s. 

/ _l_li!L!!11^1.47xl0T  1 1/,  and  a = 2.rf  = 9.23  x 1 0?  rad’s 

2bR  2^(0.0569  mi 

(e)  IDENTIFY'  and  SET  Ur  Compare  t to  the  peritxl  T of  the  circular  mi>tion  in  tlic  ay-plane  to  find  the  x and  y 
coordinates  at  this  t.  In  the  r-dircction  the  particle  moves  with  constant  speed,  so  r = r + i f. 


Execute:  The  period  of  the  motion  in  the  rv -plane  is  given  b\  T - — 


-6.80x10  ‘ s 


/ 1.47x10  Hz 

In  / - 2T the  particle  has  returned  to  the  same  x and  y coordinate*.  The  r-compoocnt  of  the  motion  is  motion  with  a 
constant  velocity  of  v,  = + 12.6x10*  ms.  Thus  r = v./  = 0 + (12.6x  10*  nVs)(2)<6.80xl0  * s)  = +1.71  m 

The  coordinates  at  / = 2f  arc  x - R%y  = O.r  - +1.71  m 

EVALUATE:  The  circular  motion  is  in  the  plane  perpendicular  to  ft  The  radius  of  this  motion  gets  smaller  when 
ft  increases  and  it  gets  larger  when  » increases.  There  is  no  magnetic  force  in  the  direction  of  ft  so  the  (xirticle 
moves  with  constant  velocity  m that  direction.  The  superposition  of  circular  motion  in  the  ay-plane  and  constant 
speed  motion  m the  r-dirccticci  is  a helical  path. 

I DEMI  tY : The  net  magnetic  force  on  the  wire  is  the  vector  sum  of  the  force  on  the  straight  segment  phis  the 
force  ixi  the  curved  scclion.  NVe  must  integrate  to  get  the  force  on  the  curv  ed  section. 


Ski  L’p:  Y F-F^^+F^  + F. 


,nd  r 


iRBnaQdO^  2iKS 


(tlie  same  as  if  it  were  a straight  segment  2 R long)  and  Fy  - 0 due  to  symmetry.  Therefore.  F - 2;/..»  ♦ 2i7?£ 

Execute:  Using  - 0.55  nu  R - 0.95  m.  J - 3.40  A,  and  ft  - 2.20  T gives  F - 22  N.  to  right. 

EVALUATE:  Notice  that  the  curve  has  no  clVcct  on  the  force.  In  other  wools,  the  force  is  the  same  as  if  the  wire 
were  amply  a straight  wire  3.00  m long. 

IDENTIFY:  r - \’IAB%in  # . 

SET  UP:  The  area  A is  related  to  the  diameter  D by  A = i xl?  . 

EXECUTE:  z = A7(^TD*)0antf.  z is  proportional  to  D* . Increasing  D by  a factor  of  3 increases  r by  a factor  of 

3J  =9. 

EVALUATE:  The  larger  diameter  means  larger  length  of  wire  in  the  loop  and  also  larger  moment  arms  because 
parts  of  the  loop  are  farther  from  the  axis. 

Identify:  Apply  F = qr*B 
Setup:  v-i* 

Execute:  (a)  F - -qvB,i  + qvftj.  But  F - 3 FJ  + 4 F,/\  so  3 Fv  = -qrft,  and  4 F„  - qvft. 

Therefore,  ft.  . ft.  - i^aixl  ft  is  undetermined. 

qv  qv 


6F 


“'"IT 

Evaluate:  The  force  doesn’t  depend  on  ft  . since  * is  along  the  r dircctici. 

IDENTIFY:  For  tlie  velocity  selector.  E - \ft  . For  the  circular  motion  in  th:  field  8 . R = 


SKI  L'P:  B - B'  - 0.701  T. 

£ 1.28x10'  MC 


LXKCL1E:  


V." 


5.701 


2.6Sx  10  m s.  R - — . so 


= 22(1.66-10 '''  kg>|2  68.10'  mil  ^ m 


(1.60x10  1 CM0.701  II 
24(1.66- 10  r kgH2.68xl0‘ 
(1.60-10  " CM0.701  T) 
26(1.66-10  r kgH2.68«10*  mil 
(1.60-10  " CM0.701  T) 


= 0.033  J m. 


0.034 1 m. 


Tlie  distance  between  two  adjacent  lines  is  A R - 1 .6  mm  . 
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27.66. 


27.67. 


27.68. 


Evaluate:  The  distance  between  the  '-Krlinc  and  th:  M Kr  line  is  1.6  mm  and  th:  distance  between  th: 

“Krlinc  and  the  **  Krlinc  is  1.6  mm.  Adjarent  lines  are  equally  spaced  since  the  *Kr  versus  “Krand  MKr  venus 
“ KrrmssdilVcrenrcs  are  the  same. 

iDEMlfrY:  Apply  conservation  of  energy  to  the  acceleration  of  the  kins  and  Newton's  second  law  to  their  motion 
in  the  magnetic  held. 

SET  LtP:  The  singly  iceii/cd  ions  have  q -+e . A ‘‘C  ion  has  mass  12  u and  a *C  ion  has  mast  14  u.  where 
lu -1.66x10  kg 


Execute:  (a)  During  acceleration  of  the  ions*  qV  --«i\ ' and  i - %\ — - — In  the  magnetic  field, 

nt 


2aV 


n.=L.m'l*r,m  1. 

qti  21' 

lh  060*10  'ill  l.-P.  T l ,.l5i.»  nil  2 26x|0.v 


•(I2MI. 66«10-  kS> 


(c)  The  ions  are  separated  bv  the  differences  in  th:  dsimctcrs  of  their  paths.  D - 2R  - 2 


2Fm 

w 


so 


AD  - - Da  ^ 2 


Wm 

W 


SD-1 


12,126.! 8J)|x|0,  m ^ ,N  jK,u|S cm „d  „ caa|y dWi 

V (1.6x10  ••  CM0.150  Tf  ' > 


Evaluate:  The  speed  of  the  C ion  is  v - 


(1.60x10  C|(2.26x  10  V) 
12ll.66x|0  * kit  I 


vlineuishabJc 


- 6.0  x 10'  m s - This  is  very  fast,  hut 


well  below  the  speed  of  light,  so  relativistic  mechanics  is  not  ixcded. 

iDf.MltY : The  force  exerted  In'  th:  magnetic  field  is  given  by  liq.(27. 19).  The  net  force  on  th:  wire  must  he  zero. 
SET  L’P:  For  the  wire  to  remain  at  resi  the  frece  exerted  on  it  by  the  magnetic  field  must  hav  e a component  directed 
up  the  mclin:  To  produce  a force  in  this  dirtcticoi.  the  current  xn  the  wire  must  be  directed  from  right  to  left  in 
Fieure  27.61  in  the  textbook.  Or.  vanving  th:  wire  from  its  left  hand  end  th:  directions  are  shown  in  Ficure  27.67a. 


dL 


Figure  27.67* 


flu:  tree- bo dv  diacrum  fee  th:  wire  is  u.iven  in  Figure  27.67b. 


EXECUTE:  JV,  =0 

fjcos0-A/gsin0  = O 
F}  = //.0«nd 

$ - 90T  since  B is  perpendicular 
to  the  current  direct  km. 


Thus  (JU)  cos 0 - Mg  sin  0 


rod  / - 


MgUmO 

LB 


EVALUATE:  The  magnetic  and  gravitational  forecs  arc  in  perpendicular  directions  so  their  components  parallel  to 
the  incline  involve  ditVerent  trig  functions.  As  the  tilt  angle  0 increases  there  is  a larger  component  of  Mg  down 
the  incline  and  the  component  of  F}  up  the  incline  is  smaller;  / must  increase  with  0 to  compensate.  As 
0 0,  / -*  0 and  as  0 -♦  9tT . / -♦  w. 

iDEMltY : The  current  in  the  bar  is  downward,  so  the  magnetic  force  on  it  is  vertically  upwards.  The  nrt  force  on 
the  bar  is  equal  to  the  mignctic  fevee  minus  the  gravitatksnal  fcece.  so  Newlon’s  second  law  gives  the  acceleration. 
The  bar  is  xn  parallel  with  the  10.0*0  resistor,  so  we  must  use  circuit  analysis  to  find  the  initial  current  through  it. 
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27.69. 


27.70. 


27.71. 


27.72. 


SET  UP:  First  find  the  current.  Th:  equivalent  resistance  across  the  battery  is  30.0  fi.  so  the  total  current  is  4.CO  A, 
half  of  which  goes  through  the  Kir.  Applying  Newton’s  second  law  to  the  Kir  gives  Y F - ma  - F* -mg  - iLB  - mg. 
Execute:  Solving  for  the  acceleration  gives 


iLB -mg  (10A(l.50mKl  60T)  - 3.00  N 
7/  (?.0()  N'9.80  mi" ) 


= 5. SB  Mi'. 


The  direction  k upw  ard. 

EVALUATE:  Once  the  bar  is  free  of  the  conducting  wires,  its  acceleration  will  become  9.S  ms*  downward  since 
only  gravity  will  be  acting  on  it. 

IDENTIFY:  Calculate  th:  acceleration  of  the  iotw  when  they  first  enter  the  field  and  assume  this  acceleration  is 
constant.  Apply  conservation  of  energy  to  the  acceleration  of  the  ions  by  the  potential  difference. 

SET  L’P:  Assume  i‘  - v i and  neglect  the  y* component  of  v that  is  produced  by  the  magnetic  force. 


(l)  ^1]— 

• ’U  J 2 1 »I  Av.  2 « A 


1 l 


(b)  This  can  be  used  for  isotope  separation  since  the  mass  in  the  denominator  leads  to  different  locations  fee 
different  isotopes. 

Evaluate:  Tor  fl-0.IT.  V = I x 1 0*  rn'i.  m = 12  u- 20x10  s*  kg.  y-II.Dm  (t1.  The 

approximation  y « .r  is  valid  as  long  as  x is  on  the  order  of  10  cm  cc  less. 

IDEM  if  \ : Turning  the  charged  loop  creates  a cun  cut.  arxl  the  external  magnetic  field  exerts  a torque  an  that 
cunent. 

SET  UP:  The  current  » / - 1 '/) " 4t art*)  “ R Th:  torque  is  r - till sin 

EXECUTE:  In  this  case.  - 90^ and  u - AB.  giving  r - IAB.  Combining  the  results  for  the  torque  and  current 

and  using  A “ nr  gives  r - j 2 — j xr*  B - B 

EVALUATE:  Any  moving  charge  is  a cunent.  so  turning  the  loop  creates  a current  causing  a magnetic  force. 
iDf.MUY: 


SET  L’P:  After  completing  ocx  semicircle  the  separation  between  the  ions  is  th:  diffcretxe  in  the  dianxters  of 
their  piths,  or  2(/?,,  - /?,%).  A singly  xmixed  ion  has  charge  -te . 

v <1.99x10  * lg)(8.50x  10*  m s) 

R 


Execute:  (a)  B - 


-8.46x|0  T. 


1 1.60x10  C XU.  125  m> 


(b|  The  only  difference  between  the  two  isotopes  is  their  masses.  — 

* — I-"2  Sc- 


2.16*  IQ'5*  kg 
1.99x10  " kg 


" M® 

- 13.6  cm.  The  diameter  is  21 2 cm. 


= constant  and 


w 


(cl  The  scparatiixi  is  2(R  . - H: ) - 2(13.6  cm  - 12.5  cm)  - 2.2  cm.  This  distance  can  be  easily  observed. 
EVALUATE:  Decreasing  the  magnetic  field  increases  the  separation  between  the  two  isotopes  at  the  detector. 
IDENTIFY:  The  force  exerted  by  the  mignctic  field  is  /**  - JLBs  inp  a - Ftm  and  is  constant  Apply  a constant 
acceleration  equation  to  relate  v and  d. 

SEE  L’P:  ^ - 90:.  The  direction  of  F is  given  by  the  right-hand  rule. 

Execute:  (a)  F - ILB.  to  the  right. 

2 2 

(l>>  v*  - vi  + 2<i  (x  - .v.,)  gives  V*  - 2ia/ and  d 


IOd- 


( 1 .12 x I04  m sH25  kg) 


la  2XLB 


-3.14x  m- 3140  km 


2(2000  AK0.5U  mH0.50T» 

ILB  (20x10*  AX0.50mX0.50Ti 


LYAl.t  ATE:  a 


- 20  in  s’.  Th:  acceleration  due  to  gravity  is  not  negligible. 


m 25  kg 

IDENTIFY:  Apply  F - IIB sin^  to  calculate  th:  force  on  each  segment  of  the  wire  that  is  in  the  mignctic  field 
The  net  force  is  the  vector  sum  of  the  forces  on  ea:h  segment. 


27.73. 
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SET  UP:  The  direction  of  the  magnetic  force  cm  each  cunent  segment  in  the  field  is  shown  in  figure  27.73.  By 
symmetry.  F,  - Fk.  Ft  and  F%  are  in  opposite  directions  so  their  sector  sum  is  zero.  Th:  net  force  equals  Ft . For 
Ft%  $ - 901  and  /*  0.450  m. 


Execute:  F - JIB  = (6.00  A K 0.454)  mXO.666  T)=  1.80  X . The  net  force  is  I 80  N.  directed  to  the  left. 
Evaluate:  The  sha|>:  of  the  region  of  uniform  field  doesn't  matter,  as  long  as  all  of  segment c is  in  the  field  and 
as  long  as  the  lengths  of  the  portions  of  segments  a and  b that  are  in  the  field  are  the  simc. 


27.74. 


27.75. 


Figure  27.73 

Idem m : Apply  f - //  x B. 

Setup:  / =1* 

Execute:  (a)  F - /(/i)x  B - //£(-*  tf ♦ <* )} This  gives 

s -49.00  A)  (0250  mx- 0.98511s  2.22  N and  F%  - UBt  = (9.00  AX0.250  m)(  -0.242  T>  = -0.545  \\ . 


Fj  = 0 . since  the  wire  is  in  the  r*dircclion. 

< 1> > F - N( F;  + Ft : ^ ^(2.22  Nf*  + (0.545  N )*  - 2.29  N. 

EVALUATE:  F must  he  perpendicular  to  the  current  dirccticm.  so  F has  no  r component. 

Idem  it v : For  the  loop  to  be  in  equilibrium  the  net  torque  on  it  must  he  rero.  Use  Fq.<27.26‘|  to  calculate  the 
torque  due  to  the  magnetic  field  And  use  Fq.(  10.3)  for  the  torque  due  to  the  gravity  force. 

SET  Up:  See  Figure  27.75a. 

> 

Use  -0.  where 
point  A is  at  the  origin. 

Figure  27.75n 


Execute:  See  Figure  27.75b. 

=*  mgr  sin  £ - wg  (0.400  m»sin  30.0° 

The  torque  is  clockwise;  is 
directed  into  the  paper 

Figure  27.75b 

For  the  loop  to  he  in  equilibrium  the  torque  due  to  B must  be  counterclockwise  (opposite  to  I and  it  must  he 
that  rM  a r^.  Sec  Figure  27.75c. 

rw  - fA  * B.  Fee  this  torque  to  be 
counterclockwise  ( tk.  directed  out  of  the 
paper).  B must  he  in  the  -t  ^-direction. 

Figure  27.75c 
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27.76. 


27.77. 


r*  - fjB sin  f - JABs in60O° 
r,  = gives  /^0sin6O.O9  = i*vg(0.0400  m)  sin  30.0° 
m = (O.IS  g'cm)2(  B.00 cm -» 6.00 cm) - 4.2  g = 4.2 ■ 10  1 kg 
A = (0.800  m |(0.060()  m)  - 4.80>  10’  m! 


«g( 00400  m)(»n  30.0°  J 
MMn60.0* 

(4.2x10  kg  II  9.80  m '■»’  1(0.0400  m Inn  M.O1 

B 0.024  r 

(S.2  A)(4.80‘  10  ‘ m 'Jim 60.0’ 

EVALUATE:  As  the  loop  swing*  up  the  torque  due  to  B decreases  to  mo  and  the  torque  due  to  mg  increases 
from  zero,  so  there  must  he  an  orientation  of  the  loop  where  the  net  torque  is  zero. 

iDt.MItY:  The  torque  exerted  by  the  magnclx  held  is  f -fi*B.  The  torque  required  to  hold  the  loop  in  place  is  — r 
SET  UP:  y/-U  p is  normal  to  the  plane  ot* the  loop,  w ith  a direction  given  by  tlx  right-hand  rule  that  is 

illustrated  in  Figure  27.32  in  th:  textbook,  r - JAB  sin  fa  when:  is  the  angle  between  the  normal  to  the  loop  and 

the  direction  of  B 

Execute:  (■)  r-M£Mn60*-<15.0  AK().060mHO.OHOmK0.4SThin6C: -0.030N  m.  in  the  -j  direction. 
To  keep  the  loop  in  place,  you  must  provid:  a torqix  in  the  + j direction. 

< 1» > r - IAB  sin  30°-  (15.0  AM 0 60  m H 0080  mX0.48T|sin30;  - 0.017  N -m.  in  the  r)  direction.  You  must 
providr  a torqix  in  the  -j  direction  to  keep  the  loap  in  place. 

EVALUATE:  <c)  IF  the  loop  was  pivoted  through  its  center,  then  there  would  be  a torque  on  both  sides  of  the  loop 
parallel  to  the  rotation  axis.  However,  the  lever  arm  is  only  half  as  large,  so  the  total  torque  in  each  case  is  identical 
to  the  values  found  in  parts  (a)  and  (b). 

iDEMltY:  Use  Eiq.(27.20l  to  calculate  the  force  and  then  the  torque  on  each  small  section  of  the  nxl  and 
integrate  to  find  the  total  magnetic  torque.  At  equilibrium  the  torques  from  the  spring  fcece  and  from  the  magnetic 
force  cancel.  The  spring  force  depends  on  tlx  amount  a*  the  spring  is  stretched  and  then  U = ^kxm  gives  the  energy 
stored  in  the  spring. 

<a)  Set  Ur: 


Divide  the  rod  into  infinitesimal  sections  of 
lengths,  as  shown  in  Figure  27.77. 


Figure  27.77 


Execute:  The  magnetic  force  on  this  section  is  dFt  - JBdr  and  is  perpendicular  to  tlx  rod.  The  torque  Jr  due  to 
the  force  on  this  section  is  dr  - rdF,  - IBrdr.  Tlx  total  torque  is  j dr  - ftif  rdr  - ±11*  B - 0.0442  N • m.  clockwise. 

<b)  SET  LrP:  Ff  produces  a clockwise  torque  so  the  spring  force  must  produce  a counterclockwise  torqix  The 

spnng  force  must  be  to  the  left:  tlx  spring  is  stretched. 

EXECUTE:  Find  .y.  the  amount  tlx  spring  is  stretched 
^ r - 0.  axis  at  hinge,  counterclockwise  torques  positive 
i sin  53° -4//’#  - 0 

(»'5II  A„),.2(|:"ii;|0..,40  1 ) 005?65m 

2trin53.0°  2(4.S0  Nni^inSS.O" 

= 7.98x10  ' I 

EVALUATE:  The  magnetic  torqix  calculated  in  part  la)  is  the  same  torque  calculated  from  a twee  diagram  xn 
which  the  total  magnetic  force  F,  - JIB  acts  at  tlx  centcT  of  the  rod.  We  didn't  include  a gravity  torque  sirxe  the 
problem  xiid  the  rod  had  negligible  mass. 


27*24  Chapter  27 


27.78.  IDENTIFY:  Apply  F - HxB  |1>  calculate  the  force  on  each  side  of  the  loop. 

SET  UP:  The  net  force  is  the  vertex  sum  of  the  forces  on  each  side  of  the  loop. 

Execute:  (a)  />|>  = (5.00AK0.600mK3.(»T)sini(Oa)  = ON. 

F„  =(5.00  A)  <0.800  m)  (3.00  T>siiK90°>  = 12.0  N . into  the  page. 

FlU  = <5.00  AK  1.00  mX3.OOT>|O.S0O.'  1.00)  = 12.0  X . out  of  the  page. 

(to)  The  net  force  on  the  triangular  loop  of  wire  is  zero. 

(c)  For  calculating  torque  on  a straight  wire  we  can  assume  that  the  force  on  a wire  is  applied  at  the  wire's  center. 
Also,  note  that  we  are  finding  the  torqix  with  respect  to  the  PR* axis  (not  about  a point),  and  consequently  the  lexer 
arm  will  be  the  distance  frven  the  wire's  center  to  the  O’ -axis,  r - rFi sin$$  gives  z,v  = r(0  N)  - 0 , 

T„  = |0 m)f  sin*  - 0 and  r ^ = (0.300  mXl2.0  NjsiofW)  = 3.60  N m . The  net  torque  is  3.60  Mm. 

<d)  According  to  Eq.<27.28).  r - NUB  %m*-  (lKS.IXI  Al(i)<0.600  mX0.800m)(3.00  T)sin<9(r)  - J.60  N -m  . 
which  agrees  with  pirt  (c). 

(e)  Since  F^  is  out  of  tlx  page  and  since  this  is  the  force  that  pnxluces  the  net  torque,  the  point  Q will  he  rotated 
out  of  the  plane  of  the  figure. 

Evaluate:  In  the  expression  r - iV/zISsin^  . 6 **  tbc  angle  between  the  plane  of  the  loop  and  the  dirtctxm  of 
B . In  this  problem,  **  - 90° . 

27.79.  iDEN’IltY:  Use  liq.(27.20  l to  calculate  tlx  force  on  a sheet  segment  of  the  coil  and  integrate  over  the  entire  coil 


Consider  the  force  dF  on  a shixt  scgnxnt  dl  at 
the  left-hand  side  of  the  coil,  as  viewed  in  Figure 
27.69  in  the  textbook.  The  current  at  this  point  is 
directed  out  of  the  page.  JF  is  perpendicular  hath 
to  B and  to  the  direction  of  /. 


Consider  also  the  force  JF ' on  a short  segment 
on  the  opposite  side  of  the  coil,  at  the  nght-hand 
side  of  the  coil  in  Figure  27.69  in  the  textbook. 
The  current  at  this  point  is  directed  into  the  page 


The  two  sketches  show  that  the  .v  componcnts  cancel  and  that  the  r- components  add.  This  is  true  for  all  piirsof 
short  segments  on  opposite  sides  of  the  coil.  The  net  magrxtic  force  on  the  coil  is  in  tlx  rdirection  and  its 
magnitude  is  giv*en  by*  F = j dFt . 

Execute:  » IF  - IdlBsinf.  But  B is  perpend xulor  to  the  current  direction  so  - 90°. 
dF  = cos  30.0-  Affcos.TO.lX’rf/ 

F-jdF,  -IBca%M0  fjl 

Bui  fdJ  = V ( 2-Tr|.  i hr  local  length  of  wire  in  the  coil. 

F - IBcotiOO°N(2irr)- (0.950  A )( 0.200  T Kern 30.0" |( 50| 2r( 0.007S  - 0.444  N uixl  /■  - -( 0.444  N )j 

EVALUATE:  The  magnetic  (ickl  makes  a constant  angle  with  the  plaix  of  the  coil  hut  has  a different  direction  at 
different  paints  around  tlx  circumference  of  the  coil  so  is  not  uniform.  The  net  force  is  proportional  to  the 
magnitude  of  the  current  and  reverses  direction  when  the  current  reverses  direction. 


to  find  the  total  force. 

SET  UP:  See  Figure  27.79a. 


See  Figure  27.79b. 


Figure  27.79b 


Magneto:  f ield  and  Magnetic  Forces  27-25 


IDENTIFY:  Conservation  of  energy  relates  the  accelerating  potential  difference  V to  the  final  speed  of  the  khk.  In 
the  magnetic  field  region  the  ions  travel  in  an  arc  of  a circle  that  has  radius  R - 

M® 

SET  UP:  The  quarter  circle  paths  of  the  two  ions  are  shown  in  Figure  27.SO.  The  separation  at  the  detector  is 
- Ru  - H*-  Each  ion  has  charge  q - +c . 

12  blr  tt!  \2\q\V  Jl\q\mV 
Execute:  (a) C onservation  of energy  gives  \q\V  - -m»*  and  v - — R - — - — •)—=—= . 

_ v * m®»  m R® 

|v|  - e for  each  ion.  Ar  - Rit  - R^  = ^±L(NRT  - fa) 


...  .,  (AreBY  ciArYB2  (1.60  x!0  ‘*  0(4.00x10  m)*<0.050T> 

Inf  f — ■ — ■■■■  ■ — t ■— 

2)72.99.10  “ kg- ^2.66- 10'  kg)' 

V a 3.32x10'  V. 

Evaluate:  The  speed  of  the  ,kO  ion  alter  it  Ills  been  accelerated  through  a potential  ditTercncc  of 

V - 3.32  x 101  V is  2.00  x 10*  m's  . Increasing  the  acceV^ating  voltage  increases  the  separatxm  of  the  two  isotopes 
it  the  detector.  But  it  does  this  by  itxrcusing  the  radius  of  the  path  for  each  ion.  and  this  increases  the  required  saze 
of  the  magnetic  field  region. 


Figure  27.80 

IDENTIFY:  Apply  dt'  - 1 dixB  to  each  side  of  the  loop 

Set  LtP:  For  each  side  of  the  loop.  Jl  is  parallel  to  that  side  of  the  loop  and  is  in  the  direction  of/.  Since  the  loop 
is  in  tlx  .vy  plane.  : - 0 at  the  loop  and  R - Oat  the  loop. 

Execute:  (a)  The  nugixtic  held  lines  in  the  yr- plane  are  sketched  in  Figure  27.81. 


Side  2.  that  runs  from 


Side  3.  that  runs 


(b>  Side  1 . that  rum  from  <0.0>  to  «U):  f-j/.H-B-lj  '' i 

Side  2.  that  mm  from  <0.11  to  (LJ.):  f'  - j 1,11  -B-l  j ‘ dxj  - - IB.l j . 

U 4*«t 

Side  J.  lhal  mm  from  (LJ.)  lo  (L.O):  f'  - j ldt-6-1  j i - - ±IBtU  . 

X .«  .(  <.«*! 

Side  4.  lhal  mm  from  <t.0i  to  (0.0):  F - j 1,11  -B-l  j £il£l/-0. 

(cl  Tlx  sum  of  all  forces  is  — -IBLj. 

EVALUATE:  The  net  force  on  sxles  1 aixl  3 is  zero.  The  force  on  side  4 rs  zero,  since  y - 0 and  z - 0 at  that  side 
and  therefore  B - 0 there.  The  net  force  on  the  loop  equals  the  force  on  side  2. 


Figure  27.8! 


27-26  C hapter  27 


27.82.  iDIvniY:  Apply  JF  - Id!  x B to  each  side  of  the  loop,  f-rxf. 

SKI  Up:  For  each  side  of  the  loop,  dl  is  parallel  to  that  side  of  the  loop  and  is  in  the  direction  of/. 
Execute:  < a)  The  magnetic  field  lines  in  the  vt -plane  arc  ikctchxl  in  Figure  27.82 

(h)  Side  I.  that  runt  Iran  <0.0)  to  (OX):  F - j/tf  - B - / j fl‘  « 1 - -jBUk 

Side  2.  that  runt  from  «U)  Ui  ( LJ.) : F-jul-B-l  f"  ' " r'B.ii 
Side  i.  that  rum  from  < LJ. > to  {L.O):  F - jl/ll  - B - 1 ‘ * - -±  IB.Lk 


Side  4.  that  rum  from  <t.Ol  Ur  (0.0):  F - J UI  * B - /j— — (-*  /_* 

(c)  If  free  to  rotate  about  the  .v-axis.  the  torques  due  to  th:  forces  on  sides  I and  3 cancel  and  the  torque  due  to  the 


forces  on  side  4 is  zero 


For  side  2.  I - £/ . Therefore,  f-rxf-  - i/.ffl/ 


Id)  If  free  to  rotate  about  the  t *a\is.  the  torques  due  to  th:  forces  on  sides  2 and  4 cancel  and  the  torque  due  to  the 


forces  on  side  I is  zero.  For  side  3,  r - Li  . Therefore,  r - r x F — 


r.  - 


_ _ i 


- 


Evaluate:  <c)  The  equation  for  the  torque  r - u • F is  not  appropriate,  since  the  magnetic  field  is  not  constan 


Figure  27.82 

27.83.  iDt.Min:  While  the  ends  of  the  wire  arc  in  contact  with  the  mercury  and  current  flows  in  the  wire,  th:  magnetic 
field  exerts  an  upward  force  and  the  wire  has  an  upward  accclcratiixv  After  the  ends  leave  the  mercury  the 
clcctrxal  connection  is  broken  and  the  wire  is  m free-fall. 

(a)  SET  Uf:  After  the  wire  leaves  the  nxrcury  its  acceleration  is  downward.  The  wire  travels  upward  a total 
distance  of 0.350  m from  its  initial  position.  Its  ends  late  contact  with  th:  m^cury  after  the  wire  has  traveled 
0.025  m.  so  the  wire  travels  upward  0.325  m after  it  leaves  the  mercury.  Consider  the  motion  of  the  wire  after  it 
leaves  the  mercury.  Take  y to  be  upward  and  take  the  origin  at  the  position  of  the  wire  as  it  leaves  the  mercury. 
a,  - -9.80  m's\  y-.iv * -+0.325  m.  r,  - 0 (at  maximum  height),  v„t  =? 


Execute:  vQf  = ^-2xi.  (>*->:,)  = ^/-2<-9.80  ms:  #0.325  m)  = 2.52  m s 

(b)  SET  L’P:  Now  consider  the  motion  of  the  wire  while  it  is  in  cont&rl  with  the  mercury.  Take  *y  to  be  upward 
and  the  origin  at  the  initial  position  of  the  wire.  Calculate  the  acceleration:  y — v,  - -+0.025  m,  i*,..  - 0 (starts  from 
rest),  v,  = +2.52  m's  (from  part  la)),  a,  -? 


“Ay-y.) 


Exec  ute: 


- <2-”  ^ 127  mV 


21  > -.,)  2(0.025  m) 


Magnetic  field  and  Magnetic  Forces  27-27 


27.84. 


27.85. 


SET  UP:  The  free-body  diagram  tor  the  wire  is  given  in  Figure  27.83. 

v EXECUTE:  J]f,=nw. 

FA-mg=mat 
llB-mig*a  > 


t 


r - m 


f myg+<jt) 

mg  IB 

Figure  27.8J 

( is  the  length  of  the  horizontal  section  of  the  wire;  / - 0. 1 50  m 
g <5-40x10  ^ kgK^.KO  nvx’  » 127  m/s1)  , gc.  % 

(0.150  m NO  00650  J) 

(c>  iDCMin  and  SET  l>:  Use  Ohm's  law. 

V 1.50  V 


EXECUTE:  V -IR  so  R 0.198  12 

/ 7.58  A 

EVALUATE:  The  current  is  large  and  the  magnetic  fccce  provide  a large  acceleration.  During  this 

upward  acceleration  the  wire  moves  a much  shorter  distance  as  it  gams  speed  than  the  distance  is  mines  while  in 
free-fall  with  a much  smaller  acceleration,  as  it  loses  the  speed  it  gained.  The  large  current  means  the  resistance  of 
the  wire  must  be  small 

iDEMlfrV  and  SET  UK  Follow  the  procedures  specified  in  the  problem. 

Execute:  (a)  dl  - dlt . where  / is  a unit  vector  in  the  tangential  direction.  J/  - /h/01  -sinttf  -f  cosfy’J.  Note 
that  this  implies  that  wkn  0 - 0.  the  line  element  points  in  the  *y  direct  ion.  and  when  the  angle  is  90\  the  liix 
element  points  in  the  .r-dareclion.  This  is  in  agreement  with  the  diagram. 
df  - hU  -ft-  IBdo[  - tin  <H  . co%0j]  - 1 BJ  1 - /ft.  RJ0 |-cot  M | . 

I*  is 

(b)  / - | -cmOlB.R  dl*  - -/ft.  ft  j cot OMk  - 0. 

(c>  dr-r*JF  - R(cm0i  s-«nflf)x</fl.ft  d0[-oo*oi  ])  - -R'lB^imOcmOi  - CC"1 0f> 


(d  1 r - J dr  - -R: IB,  | J sin OcaitidOi  - J cos*'  QdOj  - IR:  B,  - 


SMI  20 


; . r - JR‘B  j)  - IxR:B.  j - IAk  x bJ 


and  r — Ji*  B 

EVALUATE:  Section  27.7  of  the  textbook  derived  f - p'  B for  the  ease  of  a rectangular  coil.  This  pcefclcm 
shows  that  the  same  result  also  applies  to  a circular  coil. 

(a)  IDENTIFY:  Use  liq.(27.27>  to  relate  L\  fi  and  B and  use  Eq.(27.26)  to  relate  f.  jj  and  B We  also  know  thit 
B\  This  gives  three  equations  for  the  three  components  of  B 
SET  Up:  The  loop  and  cunent  are  shown  in  Figure  27.85. 

y 

jj  is  into  the  plane  of  the 
paper,  in  th:  - r - direction 


Fifure  27.8$ 

fj  - -pi  s -IAk 

fb)  Execute:  , ■ix+ii-ij).  where  D>0 


ft  - -IAk.  ft  - ft./  • B.jrB.k 

r - ft  - ft  Bk  xl f ft.  A . y'  • ft  A • A ) - lABi  - lAB.  j 

Compare  this  to  the  expression  given  for  » : IAB,  = 4 O to  ft,  = AD  IA  and  - IAB.  = -ID  mi  ft.  = 3 Dl  U 
ft  doesn't  contribute  to  the  torque  tinec  ft  it  along  the  r -direction.  Hut  ft  - ft,  ami  B\  ~ B‘  * ft"  = R, : w ith 
fl,.  = WDllA.  Thus  ft  - - ft;  - ft'  - t(X).7.<),/lfi'>->»-  16  -tl2(B 

That  V - -ft  ft  is  negative  determine*  the  sign  ol  ft.  : V - -ft  ft  -I-/.IA)  ifl./*ft  j’Bk)  - -/.Ifl. 

So  V negative  says  that  ft  rt  negative,  and  thut  ft.  = -12l>/W. 


27-2* 


EVALUATE:  p is  along  the  :oxit  so  only  Ba  and  Bt  contribute  to  the  torqu:  Bk  produces  ay  component  of  r 

and  Bt  produces  an. v -component  of  f.  Only  B affects  L\  and  U is  negative  when  p and  B are  parallel. 

27.8*.  iDEMltY:  / - *1  and  p*lA. 

Ar 

SET  UP:  Tbc  direction  of  p is  given  by  the  right-hand  rule  that  is  illustrated  in  Figure  27.32  in  the  textbook.  / is 

in  the  direction  of  flow  of  positive  charge  and  opposite  to  the  direction  of  flow  of  negative  charge. 

da  Aa  ay  «• 

Execute:  (a)  / - -1  - -L  - — 

di  Ar  2 xr  3 xr 

<c)  Since  thrre  are  two  down  quarks  each  of  half  the  charge  of  the  up  quark,  /i,  -ft^  — TTxnrfixe.  uwd  < - — . 

vmhLm  3(9.66 » I0~l?  A m'l 
2cr  2(1.60x10 ‘'CXI .20x10  m) 

Evaluate:  The  speed  calculated  in  port  |d|  is  25%  of  the  speed  of  light. 

27.87.  IDEMltY:  Eq.(27.8)  says  that  the  magnetic  field  through  any  closed  mrfacc  is  zero. 

SET  UP:  The  cylindrical  Gaussian  surface  has  its  top  at  : - i and  its  bottom  at  2-0.  The  rest  of  the  surface  is 
the  curv  ed  portion  of  the  cylinder  and  has  radius  r and  length  /..  B - 0 at  the  bottom  of  the  surface,  since  z - 0 
then:. 


Exec  itl 


It:  (a)  $ BdA*  j B dA-  j ipL)dA  r J BdA  = 0.  This  give*  0 - /IU?r:  , B IxrL . and 


w~£ 

(hi  Tlic  two  diagrams  in  Figure  27.87  show  views  of  tlue  licld  lines  from  the  top  and  sxie  of  the  Gaussian  surface. 
EVALUATE:  Onlv  a portion  of  each  field  line  is  shown;  the  field  lines  are  ekised  loops. 


Figure  27.87 

IDEMltY:  V - - p B . In  part  (b) apply  conservatism  <»f  energy. 

SET  UP:  The  kinetic  energy  of  the  rotating  ring  is  K - ±I&3 . 

Execute:  <a>  At' --</»,  Bp  B\ - -lpl  - pi  B — (—/»(— 4 -<-0.8/  * 0.6y»li  fl,(I2r:  ♦3/’-4*0. 


At/  - 121  - (0.611-3)  - (- 1 X -*11  - (1 2.5  AX4.45  x 1 0 * mJ  *0.01 1 5 TM  - 1 1 .81 


At/  ■ -7.5Sxl0‘*J. 

<b>AA'-I/^.„.  & I 2(7.SSxlO,J) 

2 \ / yS.SOx  10  kg  m* 

Evaluate:  The  potential  energy  of  the  nng  decreases  and  its  kinetic  energy  increases. 


42.1  rads. 


Idem UY  and  SET  Up:  In  the  magnetic  field.  R Once  the  particle  exits  the  field  it  travels  in  a straight  line 

i/B 

Throughout  tlie  motion  tb:  srved  of  the  panicle  is  constant. 


Execute:  (a)  R - — 


(3.20x10  " kg*  1.45x10*  nti) 
(2.1 5 x 10  ‘ CX0.420T) 


-5.14m. 


Magnet*:  Field  and  Magnetic  Forces  27-29 


27.90. 


27.91. 


(b)  See  Figure  27.89.  The  distance  alone  the  curve.  is  given  by  d - RO  . sin 0 . so 

5.14  m 

d 0.25  m 


0 = 2.78"  - 0.0186  rad  d - RO  - (5.14  mXO.0486  radl  - 0.25  m.  And  / - - 1.72*10  V 

v 1.45*10  m t% 

(c>  Av,  = <ftan(0/2)*(O.25  m)an  <2.79V2)-6.0Sx  10' ' m. 

(d|  Ay  - At  *f  Ay,  . where  Ay.,  is  the  horizontal  displacement  of  the  pirticlc  from  where  it  exits  the  field  region  to 
where  it  hits  the  wall.  M.  - (0.50  m (tan 2.79'  - 0.0244  m.  Therefore.  Ay  - 6.0S x 10  m + 0.0244  m - 0.0305  m. 
EVALUATE:  d is  much  leu  than  R . so  th:  horizontal  deflection  of  the  particle  is  much  smaller  than  the  distance  it 
traveh  in  the  v- direction. 


Figure  27519 


IDENTIFY:  The  current  direction  is  perpendicular  to  B . so  /*  - /IB  . If  the  liquid  doesn’t  flow,  a force 
(A/>M  from  the  pressure  difTcreDce  must  oppose  F. 

SET  V P:  J • l A.  where  A hw. 

EXECUTE:  (a)  A/>  - Ft  A - IIB/A  = JIB. 

A/«  (1.00  aimKl.OI3»IO'  Paalml 


-1.32*  10W  m*. 


(0.0350  m K 2.20  T) 

EVALUATE:  A current  of  I A in  a wire  with  diameter  1 mm  corresponds  to  a current  density  of 
J - 1.36*  10*  Am',  so  the  current  density  calculated  xn  part  (c|  is  a typical  value  fre  circuits. 

IDENTIFY : The  electric  and  magnetic  fields  exert  forces  on  the  moving  charge.  The  week  dnne  by  the  electric 


field  equals  th:  change  in  kinetic  energy.  At  the  top  poant.  u. and  this  acceleration  must  correspond  to  the  net 

R 

force. 

SET  L’P:  The  electric  field  is  uniform  so  the  work  it  docs  for  a displacement  y in  the  y -direction  is  It'  - Fv  - qEv. 
At  the  top  paint.  is  in  the  — v -direction  and  Fk  is  in  th:  +y  direction. 

EXECUTE:  (a)  Th:  maximum  speed  occurs  at  the  top  of  the  cycloidal  path,  and  hence  the  radius  of  curvature  is 
greatest  there.  Once  the  million  is  beyond  the  top.  the  particle  is  being  slowed  by  the  electric  field.  As  it  returns 
toy  - 0.  the  speed  dxreascs.  leading  to  a smaller  magnetic  force,  until  the  particle  stops  completely.  Then  the 
electric  field  again  provides  the  acceleration  in  the  v-dircctKin  of  the  particle,  leading  to  the  repeated  motion. 


|b>  W - qEy  - -wi'  and  »• 

|c>  At  the  top.  F%  -qE- qxB  - ~v‘>  - -qE.  2qE  - qvB  and  v - — . 

R 2 y itt  B 

Evaluate:  The  speed  at  the  top  depends  on  B because  B determines  the  v-displaccmcnt  and  the  work  dooc  by 
the  electric  force  depends  on  the  v- displacement. 


Sources  of  Magnetic  Fiei. 


28.1.  IDENTITY  and  SET  UK  Use  Eq.(2$.2)  to  calculate  B at  each  point. 
■ f\<n'xr  v.qrxr  . r 


n MiK  C r - — 

4.r  /•*  4t  r r 

i*  = 1 8.00  x | O'*  nVs ) /*  and  r is  the  vector  from  th:  charge  to  tlx-  point  where  the  field  is  calculated 
Execute:  (a)  r » (0.500  m )/,  r - 0.500  m 
vxr  • vrj x I • -trl 

a or  ■ , , .Ib.M.lO'  cMs.OOxIO'm'l)  - 

B m -—1—k  — — (l x 10  T nv'AI- A 

4.r  r‘  (0.500  m)* 

fl  = -(l.92»10  ’ T)* 

(bt  im  -(0_500  m)/*,  r-0.500m 

rxr  - -»/ j x j m 0 and  B — 0. 

<c>  / s (0.500  m)if  r - 0.500  m 

V X r - 17/  x A - ITT 

|6.00«10"  C|(s.00«10‘  mfe),  , , . 

fl  = (l«IO  T • m 'A ll ” Li  -r  1.92-10  ' T)i 

' ' (0.500  m)*  ' ' 

<d>  r = -(0-500  m)y  + (0.500  m)A.  r- ^(0.500  m);  .(0.500 m)!  -0.7071  m 

v » r - v<  0.5(0  m )(-/*  x ) + j , k | - ( 4.00  - 10‘  mV* )/ 

16.00x10"  C)(4.00‘10*  mi1*) . , 

fl  = (l«10  T mA) 1 =-(6.79-10*  T i 

' ' (0.7071m)  ’ ' 

EVALUATE:  At  each  point  B is  perpend xilar  to  both  r and  r.  B - 0 along  the  direction  of  v. 

28.2.  IDENTITY:  A moving  charge  creates  a magnetic  held  as  well  as  an  electric  field. 

SET  UP:  The  magnetic  field  caused  bv  a moving  charge  is  B - •'  ‘ ' . and  its  electric  field  is  £ ! — — 

4*  rJ  4.tcu  r* 

since  q • c. 

EXECUTE:  Substitute  the  appropriate  numbers  into  the  above  equations. 

„ w f an^  4tx|0  r T mAH.60x|0 ‘•CX2.2xI0'm's>sin90o  t__ 

B - 13  T.  out  of  the  page. 

4.t  r 4.r  (5.3x10  "mV  1 B 

_ I f (9.00«I0”N  m'iC’MIAOxIO-C)  . , . ..  , 

4r^,  r (5.3x|0  ‘ m)* 

EVALUATE:  There  are  enormous  fclds  within  the  atom! 

28.3.  Identity:  A moving  charge  creates  a magnetic  field. 

SET  UP:  The  macnctic  field  due  to  a moving  charge  is  B - ^ 

4*t  r 


28-2  Chapter  28 


28.4. 


28.5. 


28.6. 


Execute:  Substituting  oamben  into  the  above  equation  give?. 

, . _ u.qMinj  4tx10  T mA  (1.6x10 -CX3.0x10  msisxn.Kl 
(,)  : = ; • 


4«t  r 


T 


(2.00x10  in  I 

B - 6.00  x 10  T.  out  of  the  paper,  and  it  is  the  umc  at  point  B. 

(b) fi  -(1.00  x 10  ?T-  m'A|(1.60  x 10  '*0(3.00  * 10?  nv*y(2.00  * I0‘m)2 
B - 1.20  x 10  T.  out  of  the  page 

(c) fi-OT  since  sin*  1 K0°  I - 0. 

Evaluate:  Even  at  high  speeds,  these  charges  produce  nugnctic  folds  much  less  than  the  Earth's  nugnctic 
field. 

iDKMlt^ : Both  moving  charges  produce  magnetic  folds,  and  the  net  field  is  the  vector  sum  of  the  two  folds. 
SKI  UP:  Both  folds  point  out  of  tbc  paper,  so  their  magnitudes  add.  giving 

B - * Bd  - . 2«inl40D) 


«n40^2«nl40’| 


EXECUTE:  factoring  out  an  c and  putting  in  the  numbers  gives 

ff  4.tx  10  T in  A 11.60-  10  "CH2 .50.  IQ1  ml) 

4.r  (1.75x10  ‘mV 

B-  2.52x10  * T - 2.52  mT.  imiI  oflhrpagc. 

EV  ALUATE:  At  distances  very  close  to  the  charges,  the  magnetic  field  is  strong  enough  to  be  important. 

iDEVIlfY:  Apply  B-iilLll 
4?  r 

SKI  UP:  Since  tbc  charge  is  at  the  origin,  r - xi  + \j  + zk. 

EXECUTE:  U)  -ri;  i'xr-0.5-0. 

(b)  r - vi.  r - iy;  i:xr-  xrk%  r - 0.51X1  m. 

„ | jkl1  <I  0‘I0  N •a,.<riK4.8Qxl0*CH6ll0xl0,m.-!.l  ,,,..,A.T 
^.4*  f?  (0.500  m)J 

g k negative,  so  B - -(1.31x10  * Tyi. 

(c>  t‘  - vi\  t - (0300  m>(f  +•  j );  *»  x j»  * (0500  m h*.  r = 0.70?  1 m 

<1.0x10  : N sJ.'C2  84.80x10  * CM0300  niM680*  10'  ms) 


(0.7071  m> 

B-  4.62x10  TT.  fl--(4.62*10  ? Tyk. 

(d)  v - vi.  r - rk\  v x r - - >iy.  r - 0300  m 

, !><,  N ■ i <480x10  CX&S0-10  ,1.:  T 

l 4t ) •'  (0.500  mV 

ir- (1.3  ix  io^  i)j. 

Evaluate:  In  each  ease.  B is  perpendicular  to  both  r and  v 

IDEMIFY:  Apply  B For  the  magnetic  force,  apply  the  results  of  Example  28.1.  except  here  the  two 

4 s r 

charges  and  velocities  arc  different. 


r 


SET  UP:  In  part  (a).  /•  - a and  r is  perpendicular  to  v in  each  case,  so  J 1 - — - 

r‘  d' 

between  the  charges,  r - 2d. 

Execute:  (a)  b infill -ill. 

4 x\d‘  d‘  ) 

„ ■ ■*  » • !»  ‘ t ll4  5-  10*  (V0-  10’  < <'-<>■  I"  :r.  4 x i0-«  T 

4c  | <0.120  mV  <0.120  mV  I” 


For  calculating  the  force 


Tlte  direction  of  B is  into  the  page. 


Source*  of  Magnetic  F iclil  28-3 


28.7. 


28.8. 


(b)  Following  Example  2S.1  we  can  find  Ihc  magnetic  force  between  the  charges: 

,'t  tfW  ■ ff.00  « 10  '*  CmI-M  - 10  " CH4-S0x  10‘m,'*X9.00  » 10*  mi  I 

- 4t  r‘  ' (0.240  ml' 

Fy  - 1 .69  x 10  1 N.  The  force  on  th:  upper  charge  point*  up  and  the  force  on  the  lower  charge  points  down.  The 

Coulomb  force  between  the  charges  ,s  F.  -iMi- (8.99 x 10*  N m'/C ) 0(31)  . !0  ‘ C|  _ } „ N 

The  force  on  the  upper  chirge  points  up  and  the  force  on  the  lower  charge  point*  down.  The  ratio  of  the  Coulomb 

force  to  the  magnetic  force  is  — - 2.22  x I0k;  the  Coukimb  force  is  much  larger. 

Fm  !|Vj  1.69x10  *N 

( l>>  The  magnetic  forces  are  reversed  in  direction  when  the  direction  of  only  one  velocity  is  reversed  but  the 
magnitude  of  the  force  is  unchanged. 

Evaluate:  When  two  charge*  have  the  sam:  sign  and  move  in  opposite  directions,  the  force  between  them  is 
repulsive.  W hen  two  charge*  of  the  same  sign  move  in  the  same  direction,  the  force  between  them  i*  attractive. 

iDf.MIFY:  Apply  B - ^ — - — — — For  the  magncla:  force  cci  q*  . use  f,  • qw  > B t and  for  the  magncla:  force  on 
q use  FM-qvx  B%.. 

Irxf  I y 

SET  UP:  In  pari  <ak  r - d and  i ! 

r d‘ 

t 

EXECUTE:  (a)  <f  - -<[.  B - ML.  into  the  page;  B,  - ML.  mi  of  Ibc  page. 

4rrf*  Asd’ 

(i)  V = 1 give*  B - 1 - 7)  - into  lb?  page,  (ii)  v = v gives  B - 0. 

(iii)  V - 2v  gives  R - iilL.  out  of  the  page. 

4xa 

i I y y 

(bl  The  force  that  q exert*  on  q is  given  by  F - qv  x Bt.  so  F - - — — Bt  is  into  the  page,  so  the  force  on 
q is  toward  q.  The  force  that  <(  exerts  on  q is  toward  q\  The  force  between  the  two  charges  is  attractive. 

(c)  /•  - ‘v  . /;  - 1 10  = 3.00x10*  mil'  = 1.00x10". 

' 4t(2rf)‘  * 4xe,.2J)'  F,  W 

EVALUATE:  When  charges  of  opposite  sign  move  in  opposite  dirccticeis.  the  force  between  them  is  attractive.  For 
the  value*  specified  in  part  <cV  the  mignctic  force  between  the  two  charges  is  much  smaller  in  magnitude  than  the 
Coulomb  force  between  tlvm. 

iDEMin  : Both  moving  charges  create  magnetic  fields,  and  the  net  field  i*  the  vector  sum  of  the  two.  The 
magnetic  force  on  a mov  ing  charge  is  F - qi’Bsinf  and  the  electrical  force  obeys  Coulomb's  law. 


SET  UP:  The  maunctic  field  due  to  a m ovine  charuc  i*  B 


Fv  qy»nd 
4,t  r' 


Execute:  (a)  Both  fields  are  into  the  pice,  so  their  imcmtudes  add.  giving 


. M. 


rv  ci 


sin9tP 


- *L(  1.60x10  ,v  C)( 845.000  m sV ! * ! 

4.c  (5.00x10  m>*  (4.03x10  ' mi- 


ff^ 


B - 1.39  x 10  1 T - 1.39  mT.  into  the  page 
- . where  r - j£\  nm  and  180°  - ant 
4tx10  • T m A (1.6x10  ,v  CKM5,OOOntfs>sin  128.7* 


(bl  Using  B - ■ "U  . where  r-  Ji I nm  and  180°  - an.tant5.41  - 128.7°.  we  get 

4,7  r' 


TnTTo 


- 2.58  x 10  4 T.  into  the  page 


4r  t v 4 1 x i u m) 

(c>  Fm  s q\B sin90°  - < 1 .60 x 10  * CX845.000  m s)(2.SSx  10  4 T|  = 3.48x  10  * N.  in  the  Lv  direction. 

^ - (I.  4.r<,  r;  _>9.flOxlO-N-m'.-r-'Nl.tO»lO-"C)»B5Jgx|0.,>  al  S , .3"  brio*  .be  . 

{'Jii  x 10  " m)‘ 

clockwise. 

E\ AEI  ATE:  The  electric  force  is  much  stronger  than  the  magnetic  force. 


2*4  Chapter  28 


28.9. 


28.10. 


28.11. 


|DF.\I1F^ : A current  segment  creates  a nvignetic  field 

Hy  A/i'slnC* 

SET  l.’P:  The  law  of  Bkx  and  Savart  gives  dB  

4.7  r* 

EXECUTE:  Applying  the  law  of  Biot  and  Savart  gives 


MM- 


4r  x I)  T nvA  (10.0  AK0.00I 10  ml  sin90° 


4n 


10  0500  ml 


- 4.40  x 10  T.  out  of  the  paper. 


(b)  The  same  as  above,  except  r = ^(5O0  cm)*  ♦<14.0  cm)'  and  arctan(5T4)-  1 9.65** giving dB  - 1.67  x 10  T 
nut  of  tlv  pace. 

(c)  -0  since  <*-0°. 

EVALUATE:  This  is  a very  small  field,  but  it  comes  from  a very  srrnll  segment  of  current. 


Identify:  Apply  JB-  h' 


* r 


fit  xf 


4.T  r 


Ax  r 


Set  Up:  The  maunitude  of  the  field  slue  to  the  current  element  is  dB  — . where  & is  the  ancle  between 

As  r 

r and  the  current  direction. 

Execute:  The  magnetic  field  at  the  given  points  is: 
dB  _ /i,  IdlUnf  )i,  <200  AK0.000100  m) 

* Ax  r Ax  <0.100  m>* 

_ » IdlVnf  _ 1101  AH0.000100 m)su|4S° 

4r  r 4.t 


2(0.100  mr 


JB  .***#.  ill:ooA,lo,l.:.,KH,nl>_j()0|||o.T 

4.T  r‘  4.T  (0.100  m|- 


dB, 


,/ft  - 


ir~r- — or— - — °- 

u SdS sintf  (200  A)<0.00100  m)  J2 


- 0.545x10  * 


4r  r*  4.7  3(01(0  ml* 

The  field  vectors  at  each  point  arc  shown  in  fscur:  28.10 


Figure  28.10 

IDENTIFY  and  SET  UK  The  maerctic  field  pnxliarcd  by  an  infinitesimal  current  element  is  given  by  Fq.(28.6). 

dB  = - — As  in  l:\amnle  28.2  use  this  equation  for  the  finite  0.500*mm  segnvnt  of  wire  since  the 

4.e  r* 

A { - 0.500  mm  length  is  much  smaller  than  the  distarxes  to  the  field  points. 

R - A xr  //,  l:\ixr 

M Ax  7 4,t  7 

/ is  in  the  ♦ redirection,  so  A/  • (o.SOOxlO  1 m)£ 

Execute:  <a)  Field  point  is  at  x - 2.00  m.  y • 0%  r - 0 so  the  vector  r fn>m  the  source  point  (at  the  origin)  to  the 
field  point  is  r •(2.00  m)i. 

A/  xr  *|  0.500x10  ' m)(2.00  m)£  x/ » f(l.00x  10  1 m’)j 
* (1x10  ' T mA|(4.D>  AW  1.00x10  1 m*) . t 

hJ 


Source*  of  Magnetic  field  28-5 


28.12. 


28.13. 


28.14. 


28.15. 


(b>  r -(2.00m)/  r-  200  in. 

A/xi« 1 0.500 x 10  ' m)(2.00m|*x/- -(1.00*10  1 m1)/ 

. (l*10  ! T m'A|(4.00A)(l.00*10  1 

»-  i (500.10  "T  i 

(2.00  m)  ’ 

(c>  r — (2.00  m)(r  * y).  r- <Jl[2.00  m). 

A/  Kr -(0.500*10  ' m)(2.00m)i  *(/ »/) -(1.00x10  ' m')(y‘  /) 

(1-10  r m'AH4.00A)(l.OO*IO  m’),.  ..  „ ....  .. 

Id)  f -(2  00  m)k%  r^2.00  m 

A/ xr- (0.500x10  ‘ mK2.00m^xA  -O.  /?-0. 

Evaluate:  At  each  point  B is  perpendicular  ti>  both  r aixl  Al . B - 0 along  the  length  of  the  wire. 
IDEMIFY:  A current  scgnvnt  creates  a rmgnetic  field 


Si  r UP:  The  law  of  Biot  and  Savart  gives  dB  - 


u /d/s in* 


4*  r 

Both  fields  arc  into  the  page,  so  their  magnitudes  add. 

Execute:  Applying  the  law  of  Biot  and  Savart  for  the  1 2.0- A current  gives 

2.50  cm 


l.\*10  ’ T-n-’A  * “ ^ ml 


II  I 


1- 


(0.050)0  m>* 


- 8.79  x 10  1 T 


The  field  from  the  24.0A  segment  is  twice  this  value,  so  the  total  field  is  2.64  k 10  T.  into  th:  page. 

Evaluate:  The  rest  of  each  wire  abo  produces  field  at  P.  We  have  calculated  Jutf  the  field  from  the  two 
segments  that  are  indicated  in  the  probVrm. 

IDEMIFY : A current  segrwnt  creates  a rmgnetic  held. 

SET  UP:  Tbe  law  of  Biot  and  Sav  art  gives  <iB  - » 'l"%'  Both  fields  are  into  the  mge.  so  their  magnitudes  add. 

4*  r 

EXECUTE:  Applying  the  Biot  and  Savart  law,  where r - iJ(3.00  cm)*  + (3.00  cm}1  - 2.121  cm.  we  haw 


-2 


4x  x 10  T nVA  (2K.0  AK0.00200  mhin  45.<T 


- 1.76  x 10  T.  into  the  paper. 


4x  (0.02121m)* 

EVALUATE:  Even  thiugh  the  two  wire  segments  are  at  right  angles,  the  magnetic  fields  they  create  arc  in  the 
same  dironion. 

IDEMTFY:  A current  segment  creates  a rmgnetic  field. 

H /d/sin* 

SET  UP:  The  law  of  Biot  and  Savart  gives  dB  - - All  four  fields  are  of  equal  magnitude  and  into  the 

4*  r 

page,  so  their  magnitudes  add. 

4xxl0  * T-nv’A  (15.0  A)(0.00I20  m)sin90: 

4x  (00500m? 


Kviltill:  dB  - 4 


- 2.S8  x 10  * T.  Inli>  Ibc  page 


EVALUATE:  a small  current  element  causes  a srmll  magnetic  fWld. 

IDFMIFY:  Wc  can  model  tlie  lightnmg  holt  and  the  hiyusehold  current  as  very  long  curTent*carrying  wires. 

SET  Up:  The  magnetic  field  prefixed  by  a long  wire  k B - iLL 

2tt 

EXECUTE:  Substituting  the  numerical  values  gives 
(4,"0’T-n,'AK20.QPA).gx,o‘T 
2n(5.0  ml 

,j,.1I’T;,A|||°A|.jqx|q, 

2.u  0.050  ml 

EVALUATE:  The  field  from  the  lightning  bolt  is  about  20  times  as  strung  as  the  field  from  the  household  current. 


’*•6  Chapter  28 


28.16. 


28.17. 


28.18. 


IDENTITY:  The  long  tuircrt- carry mg  wire  pnxluccs  a matrix* tic  field. 

it  I 

SET  UP:  The  magnetic  field  due  to  a king  wire  is  B 

2 irr 

Execute:  Fiist  find  the  currcni:  / - (3  50  x IO'*cl<MI  60  - 10  13 Cel)  - 0.560  A 


Now  find  the  magnetic  field 


i4xxl<>  T-mAM0.560Ai 
2.KCUX400  m) 


- 10  ’ T 


Since  electrons  an:  negative,  the  conventional  current  runs  from  cost  to  west,  so  the  magnetic  held  above  the  wire 
points  toward  the  ixirth. 

Evaluate:  Thrs  magnetic  field  is  much  less  than  that  of  the  Earth,  so  any  experiments  involving  such  a current 
would  have  to  he  slucl&d  fr»>m  the  Earth's  magnetic  field,  or  at  leas*  would  have  to  take  it  into  consideration. 
IDENTITY : The  long  current* carrying  wire  produces  a magtxiic  field. 

SET  UP:  The  magnetic  field  due  to  a king  wire  is  B - 

2rr 

EXECUTE:  first  solve  for  the  current,  then  substitute  the  numbers  using  the  above  equation. 

(a)  Solving  for  the  current  gives 


I - hrrB/ft,  - lrlO.0200  mW  1.00. 10  ' T)'|4.t  - 10  ' T m’A>  - 10.0  A 


<l»)  The  earth’s  horizontal  field  paints  northward,  so  at  all  points  directly  above  the  w ire  the  field  of  the  wire  would 
pixnt  northward. 

(c)  At  all  points  directly  cast  of  the  wire,  its  field  would  point  txuthward 

Evaluate:  Even  though  the  Earth’s  magnetic  field  is  rather  weak,  it  requires  a fairly  large  current  to  cancel  this 
field. 

IDENTITY : For  each  w ire  B - — L (Eq-28.9).  and  the  direction  of  B rs  given  bv  the  right-hand  rule  (Fig.  28.6  in 

2tt 

the  textbook).  Add  the  field  vectors  for  each  wire  to  calculate  the  total  field. 

<a)  SEI  Up:  The  two  fields  at  this  point  have  th:  directions  shown  m Figure  28 18a. 

EXECUTE:  At  point  P midway  between 
the  two  wires  the  fiekls  ft  and  B.  due  to 
the  two  currents  are  in  opposite  directions, 
so 


Figure  28.18a 


But  B - B.  - — . so  ft  - 0. 

2>r*T 

(h)  SET  UP:  The  two  fields  at  this  point  have  the  directions  shown  in  Figure  28. 1 8b. 


I 


* 


Execute:  At  point  Q above  the  upper 
wire  ft,  and  ft.  are  both  directed  out  of 
the  page  <*r  direction),  so  B - B r B ... 


ft- 

ft  - - — * 


Figure  2K.IKH 

ft/ 


2 xa  2.7(3.71 


2.7J  3.7d 


2a U 

3.Td 
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28.19. 


28.20. 


28.21. 


(O  SET  UP:  Dx  two  fields  at  this  point  have  the  direction*  shown  in  Figure  28.18c. 


•2 


Exec  ute:  At  point  R below  the  lower 
wire  /?  and  B.  are  both  directed  into  the 
[>agc  (-redirection  ).  so  B - B ♦ B.  . 


Figure  28.18c 


JiL.  b,  = *L 

2r(3a)  2.7a 


3 - 


2.TJ 


2u.l 


'-I','  ; 


.*.7.1 


EVALUATE:  In  the  figures  we  have  drawn.  H due  to  each  wire  is  out  of  the  page  at  points  above  the  wire  and  into 
the  page  at  points  bck»w  tlx  wire.  If  the  two  field  sectors  are  in  opposite  directions  the  magnitudes  subtrart. 
lot  Min : The  total  magnetic  field  is  the  sector  sum  of  the  constant  nugnctic  field  and  the  wire’s  magnetic  field. 

SET  tP:  For  the  wire.  B - — - and  the  direction  of  Bt44  is  given  by  the  nght*hand  rule  that  is  illustrated  in 

2rr 

I igurc2S.6  in  the  textbook.  B . ^ <l.50x  10  * T)f\ 

Execute:  u>At|0.o.  l B-B  - tLj  - |l  .50  ■ I o ‘ T - "||H  00  A * »!  - h 1 0 - 1 o ' T>:. 

2 jzr  Irll.X  ml 

(h)  At  II  m.  0.  0).  B-B,  ’^Lk  - 11.50-10*  TV  * Al* 

‘ 2.t>  ’*<1.00  m) 

B -<1.50- 10  * T|i"  »<l.6- 10 * Tit  - 2.19-10*  T.  al  (I  - 46.K:  from* lor. 

|c>  Al  (0. 0.  0.25  ml.  B-B,’  SsL'i  - (1.50-10  ‘ Ttf  . W-<800A>,:  - (7.9-10  * Tk\ 

2xr  2x(0.25m> 

EVALUATE:  At  point  c the  two  fields  are  in  the  sanx  direction  and  their  magnitudes  add  At  point  a they  are  in 
opposite  directions  and  tlxir  magnitudrs  subtract.  At  point  b the  two  fields  arc  pcrpxndxuLir. 

IDENTIFY  and  SET  Ur:  Tlx  magnitude  of  B rs  given  by  Eq.{28.9)  and  the  direction  is  given  by  tlx  right  hand  rule, 
(a)  EXEC  ITT:  Viewed  from  above,  the  current  is  in  the  direction  shown  in  Figure  28.20. 

N 

Directly  below  the  %vire  the  direction  of 
— E the  magnetic  field  due  to  the  cuncnt  in 

the  wire  is  cast. 


Figure  28.20 
• /K00A 


xjo  r mAi 

2 xr  \ 5.50  m 


-2.9ix|0  4 T 


(b)  EVALUATE:  B from  the  current  is  nearly  equal  in  magnitude  to  the  earth’s  field,  so.  yes.  the  current  really  is  a 
problem. 

IDENTIFY:  B - il-L  Tlx  direction  of  B is  given  by  the  right-hand  rule  in  Section  20.7. 

2tt 

Set  UP:  (’all  the  wires  a and  6.  as  indicated  in  Figure  2K.2 1 . The  magnetic  fields  of  each  wire  at  points  P\  and  Pi 
a re  shown  in  Figure  28.21  a.  The  fields  at  point  3 arc  shown  m Figure  28.21b. 

EXECUTE:  (a)  At  P . B -Bt  and  the  two  fickJs  arc  in  opposite  directions,  so  the  net  field  is  zero. 

(b)  Bk  - — - # and  B . arc  in  tlx  same  direction  so 

It/*  2rr 


B-B+B. 


<4r  x 10  ? T*m’AK4.0O  A) 

1 

2/T 

0.300  m 

fr.67  x |0  * T 


B has  nugiutude  6.67  u T and  is  directed  toward  the  top  of  the  pane 


2*8  Chapter  28 


„ 5 cm 

(c)  Jn  figure  28.21b.  H i s perpendicular  to  r and  B is  perpendicular  to  r . tantf and  0 - 14.04  . 


20  cm 


r.-rt-  ^'(0.200  ml'  » 10.050  m>;  - 0.206  m ur.1  B,  - B, . 

B*B  c.Mo.t.2*  e0.fl.2f *0 2‘4*“10  T nvAX4.0 A)co,14.04 


7.54  uX 


2,r<0.2<16  m ) 

ti  has  magnitude  7.53  jim T and  is  directed  to  the  left. 

EVALUATE:  At  points  directly  to  the  left  of  bath  wires  the  net  field  is  directed  toward  the  bottom  of  the  pace. 


Figure  28.21 


28.22.  iDf.Min : Use  Lq.(28.9>  and  tb:  right  hand  rule  to  determine  points  w here  the  fields  of  the  two  wires  cancel. 

<a)  SET  Iff:  The  only  place  where  the  magnetic  fields  of  the  two  wires  arc  in  opposite  directions  is  between  the 
wires,  in  the  plane  of  the  wires.  C onsider  a point  a distance  x from  the  wire  carrying  />  - 75.0  A Bhi  will  he  zero 
where  Bt  - By 


Execute: 


2*10.41  m-v)  2t.y 


28.23. 


x - 0.300  m;  - 0 along  a line  0.300  m from  the  wire  carrying  75.0  A and  0.100  m from  the  wire  carrying 
current  25.0  A. 

<l>)  SET  UP:  Let  the  wire  with  /,  - 25.0  A he  0.400  m above  the  wire  with  /,  - 75.0  A The  magnetic  fields  of 
the  two  wires  are  in  opposite  directions  in  the  plane  of  the  wires  aixl  at  points  above  both  wires  or  below  both 
wires.  But  to  have  B{  - B:  must  be  closer  to  wire  #1  since  /,</%.  so  can  have  5^-0  only  at  points  above  both 
wires.  Consider  a point  a distance  x fn>m  the  wire  carrying  /,  - 25.0  A.  Bu  will  be  zero  where  Bx  - Bl. 

Execute:  — — 

2*j  2*(0.400  m + r) 

/vr  = /, (0.400  m + i>;  j-  0.200  m 


- 0 along  a line  0.2CK)  m from  the  wire  carrying  current  25.0  A and  0.600  in  from  the  wire  carrying  current 
/*  = 75.0  A. 


E VALLATE:  Tor  parts  (a)  and  (b)  tb:  locations  of  zero  field  are  in  different  regions.  In  each  case  the  points  of 
zero  field  are  closer  to  the  wire  that  has  the  smaller  cuncnt. 

iDfMltY:  The  net  magnetic  field  at  the  center  of  the  square  is  the  vector  sum  of  the  fields  due  to  each  wire. 

SET  UP:  For  each  wire,  B - — — and  the  direction  of  B :s  given  by  the  right-hand  rule  that  is  illustrated  in 

2rr 

figure  2S.6  in  the  textbook 

EXECUTE:  (a)  and  (b)  B - 0 since  the  magnetic  fields  due  to  currents  at  opposite  comen  of  the  square  cancel, 
(c)  The  fields  due  to  each  wire  arc  sketched  in  figure  28.23. 


B - £ cat  45:  - B,  co*4S°  f fl  co»  45°  * Bern  45'  -4/1  cos 45°  - 4 1 !±L  |cm45°  . 

Zir 


r = ,/l  lOcml'  »(10cm>:  - 10^2 
B 4(4*«10  ' T m'.A  KIOd.A) 
2t<0.  \Q\jl  ml 


an  - 0.10%' 2 m.  to 

cm  45°  = 4.0  * 10  ' T.  to  the  krli. 
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28.24. 


Evaluate:  In  part  (c).  if  all  tour  current*  are  reversed  in  direction,  the  net  field  at  the  center  of  the  square  would 
be  to  the  right. 


© 


i 


© 


® 


Figure  28.23 


IDENTIFY:  Use  liq.(28.9>  and  tf*  right  hand  rule  to  determine  the  field  du:  to  each  wire.  Set  the  vum  of  the  four 
field*  equal  to  zero  aixl  use  that  equition  to  solve  for  the  field  and  the  current  of  the  fourth  wire. 

Set  UP:  The  three  known  currents  arc  shown  in  figure  28.24. 


. o 


mo  a 


B - — — r - 0.2(H)  m f°r  tach  wire 
Izr 


figure  28.24 


Execute:  Let  o he  the  positive  r-dircclion.  /,  ^ 10.0  A.  /•  -8.0  A.  It  - 20.0  A.  Then  B - 1.00*10  ' T, 
ft  - 0.80  x 10 1 T.  and  ft  ^ 2.00x10*  T. 
ft,  - -1.00 * 10  ' T.  ft,  - -0.80x10  * T.  ft,  = r2.00x  10  * T 
ft^ft.  * ft,+ft.  =0 
* Hft.  ♦ ft. 

To  give  ft  in  the 

ft  = 


^)  = -2.0x|0"  T 

direction  the  current  in  wire  4 mu*t  be  tow  ard  the  bottom  of  the  page 
rft  (0.200  mK2.0x  10^  T» 


2.U  A 


b.OOx  10  * N*.  aixl  the  face  is  repulsive  sirxe  thr 


2xr  {p%f2x)  (2x10  TmAi 

EVALUATE:  The  fields  of  wires  iV2  and  #3  are  in  opjxisite  direction*  and  their  net  field  i*  the  same  a*  due  to  a 
current  20.0  A K.O  A - 12.0  A in  one  w ire.  The  field  of  w ire  i*4  must  be  in  the  same  dirccticei  as  that  of  wire  tU. 
and  10.0  At /4  = 12.0  A. 

28.25.  Identify:  Apply  LqX28. 1 1 y 

SET  Up:  Two  parallel  conductors  carry  :ng  current  in  the  some  direct  ion  attract  each  other.  Parallel  conductors 
canying  currents  in  opposite  directions  rrprl  each  other. 

EXEC*  <-)C-M^./‘.(5.'OAK2.00A,'.20m) 

2xr  2t<0.400  m) 

currents  are  xn  opposite  direction*. 

(hi  Doubling  the  currents  makes  the  force  increase  by  a factor  of  four  to  F - 2.40  x 10  N. 

Evaluate:  Doubling  the  current  xn  a wire  doirtdes  the  magnet*:  field  of  thit  wire.  Tor  fixed  magnetic  field, 
doubling  the  current  in  a wire  double*  the  force  that  the  magnetic  field  exerts  on  th:  wire. 

28.26.  Identify:  Apply  Hq<28 1 1 y 

SET  Up:  Two  parallel  conductors  eanying  current  in  the  some  direction  attract  each  other.  Parallel  conductors 
carrying  currents  in  opposite  directions  repel  each  other. 

B>v«  ,,  = « (40  , ,0-  Him)  W 0 0 250  * H. J3  A. 


Exec  he: 


/.  2xr 


L p.1,  «,(0.60A| 

( 1> > The  two  w ire*  repel  so  the  currents  are  in  opposite  direction*. 

EVALUATE:  The  force  between  the  two  wires  r*  proportion!)  to  the  product  of  the  currents  in  the  wires. 
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28.27. 


28.28. 


28.29. 


28.30. 


28.31. 


IDENTITY : The  lamp  coni  wires  an:  two  parallel  current- carrying  wires,  so  they  must  exert  a magnetic  force  on 
each  ocher. 

Si: I UP:  First  find  the  current  in  the  cord.  Since  it  is  competed  to  a light  bulb,  the  power  consumed  by  th:  bulb  is 
P - IV.  Then  find  the  force  per  unit  length  using  F'L  - 

2jt  r 

Execute:  For  the  light  bulb.  100  W - A 120  V*)  gives  / - O.S33  A.  The  force  per  unit  length  is 

TO-  l!-i0  ' •mA,°-i,3A>'  -46,,0'Mn, 

2x  0.003  m 

Since  the  currents  are  in  opposite  directions.  the  force  is  repulsive. 

EVALUATE:  This  force  is  too  snxill  to  have  an  appreciable  effect  for  an  ordinary  coni. 

IDENTITY:  Apply  F.q.<28. 1 1 > for  the  force  from  each  wire. 

SET  UP:  Two  parallel  conductors  carrying  current  in  the  some  direction  attract  each  other.  Parallel  conductors 
carrying  currents  in  opposite  directions  repel  each  other. 

EXECUTE:  On  the  top  wire — — ' — - — — — . upward  On  the  middle  wire,  tbe  magnetic  forces  carxel 

W 2.7  id  2d  And  ^ 


so  the  net  force  is  zero.  On  the  bottom  wire  — 


-+—  I-  . downward 
l lx  \ d 2d)  4 xd 

EVALUATE:  The  net  force  on  th:  middle  wire  is  zero  because  at  tbc  location  of  the  middle  wire  the  net  magnetic 
field  due  to  the  other  two  wires  is  zero. 

IDENTITY:  The  wire  CD  rises  until  the  upward  force  due  to  the  currents  balances  the  downward  force  of 
gravity. 

SET  UP:  The  forces  on  wire  CD  are  shown  in  Figure  28.29. 


'•* 


Currents  in  opposite  directions  so  the  force  is 
repulsive  and  F.  is  upward,  as  shown. 


figure  28.29 


Ea(28. 1 1 > says  F.  - 


riV-7. 


2xh 

Execute:  mg  - ALg 


Thus  Ft  - wg  - 0 says — AL%  and  /i 

2.7/t 


where  1.  is  the  length  of  wire  CD  and  h is  the  distance  between  the  wires. 


2 xgA 

EVALUATE:  The  larger  / is  or  the  smaller  A is.  the  larger  h will  be. 


IDENTITY:  The  magnetic  field  at  tbc  center  of  a circular  loop  is  & - By  symmetry  each  segment  ot  the  loop 
that  lias  length  SI  contributes  equally  to  the  field,  so  the  field  at  the  center  of  a semicircle  rsTthat  of  a full  loop. 
SET  UP:  Since  tbc  straight  sections  produce  no  field  at  /*.  th:  field  at  P is  a - 

EXECUTE:  O — - The  direction  of  B is  given  by  th:  right  hand  rule:  B is  directed  into  the  pige. 

4 R 

EVALUATE:  For  a quarter- circle  section  of  wire  the  rmgnctic  fWld  at  its  center  of  curvature  is  B - 

HR 

IDENTITY : Calculate  th:  magnetic  tield  vector  produced  by  each  wire  and  add  these  fields  to  get  the  total  field. 
SET  Up:  First  consider  the  field  at  /*produ:ed  by  the  cuncnt  /,  in  the  upper  semxircle  of  wire.  Sec  Figure  2S.3la. 

Cceisidcr  the  three  parts  of  this  wire 
a:  long  straight  sccticoi. 
h:  semicircle 


Figure  28.31  a 


r:  long,  straight  section 

Apply  the  Biot-Savart  law  JB  - U'  " l *’  - A !u*  *r  to  each  p*xe. 

4/7  r 4.7  c 
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28.32. 


28.33. 


EXECUTE:  part  a See  Figure  28.31b. 

♦V 


. 


tiVxr-O, 


Figure  28.31b 

The  same  is  liuc  foe  all  the  infinitesimal  segments  that  make  up  this  piece  of  the  wire,  so  B - 0 for  this  piece. 
part  c See  Figure  2S.3 1c. 

d!  /, 

\ J7-*  ~ Jlxr-O. 

r so  dB  - 0 and  B = 0 for  this  piece. 

<0 

Figure  2831c 

part  h Sec  Figure  28.3 Id. 

if/  xf  is  directed  into  the  paper  for  all  infinitesimal 
segments  that  make  up  this  semicircular  piece,  so  H 
is  directed  into  the  paper  and  B-^dB  | the  vector  sum 
of  the  JB  is  curtained  by  adding  their  magnitudes 
since  th^f  are  in  the  sanv  direction). 

Figure  28.3 Id 

*/^rdJiinO.  The  angle  0 between  dl  and  r is  90°  and  r - /?.  th:  radius  of  the  semicircle  Thus  JjT  x/|-  Rdt 
4.T  / 4.T  R'  \4,t R 

(We  u.scd  that  J Ji  is  equal  to  t R.  the  Vmgth  of  wire  in  the  semicircle.)  We  hav  e shown  that  the  two  straight 

sections  make  zero  contribution  to  B.  so  Bt  - fiJxiAR  and  is  directed  into  the  page. 

Foe  current  in  th:  direction  shown  in 
Figure  28.3  le.  a similar  analysis  gives 
B \ = fj i /. 4 R.  out  of  the  paper 


dB  - A 


Figure  28.3 le 
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Bt  and  B arc  in  opposite  directions,  so  the  magnitude  of  th:  net  field  at  P is  B - - B1  | - 

Evaluate:  When  /,  = /2,  B = 0. 

Identify:  Apply  Ei*< 28.16k 

Set  UP:  At  the  center  of  the  coil,  x - 0.  a is  the  radius  of  the  coil,  0.0240  m. 

Execute:  (a)  Bt  ^ ii.  N!  la.  so  / i 2.7?  A 

' (4.t  x 10  T m/A)(800) 

(b)  At  die  center.  Bk  - //,  jV//2a.  At  a distance  v from  the  center. 

*•  *•  ■«“”  -*<***- 

Since  a -0.024  m.  x -0.0184  m. 

Evaluate:  As  shown  in  Figure  28.41  in  the  textbook,  th:  field  lias  its  largest  magnitude  at  the  center  of  the  coil 
and  decreases  with  distance  along  the  axis  from  the  center. 

Identify:  Apply  Ei*<28.16>. 

SET  UP:  At  the  center  of  the  coil,  x - 0.  a is  the  radius  of  th:  coil.  0.020  m. 

Exec  tie:  «„  fl  =^.A7  ^(6H)(0.50QA)=o<,„|O.,T 

2u  2(0.020  m) 

|b>  *,)-  ^ . iionfx.  A|(600XO-500AK0.020m)-  M,lfl4T 

2lx'  ~ o' )'  ‘ 2(1 0.OSO  m)‘  + (0.020  m)’ )' ' 

EVALUATE:  As  shown  in  Figure  28.41  in  the  textbook,  th:  field  has  its  largest  magnitude  at  the  center  of  the  coil 
and  decreases  with  distance  along  the  axis  from  the  center. 


28-12  C hapter  28 


28.34. 


28.35. 


28.36. 


28.37. 


28.38. 


iDEVlin'  and  Si:r  UP:  The  magivlic  field  at  a point  on  the  axis  of  V* circular  loops  is  given  by 


2IA* 


~ 


. ho  vc  toe  A and  set  v - D.060U  m. 


Execute:  N - 


2B  (x*  -f a*)hi  2(6.39x10  4 T)|(0.0600  mf  r(0.06X  m}*']’  3 


u,Ja 


[4*  x 10  T mA  H 2.50  AX0.0600  mV 


-69. 


Evaluate:  At  the  center  of  the  coil  the  field  is  - L—L  - 1.8  x 10  ‘ T.  The  field  6.01  cm  fn>m  the  center  it  a 

2a 

factor  of  1/2*  3 limes  smaller. 

IDENTIFY:  Apply  Ampere's  law 
SETUP:  //,=4.t*I0  : T mA 

Execute:  (a)  jB  M - 3.83  xIO*4  Tm  and  ^ 305  A. 

(h)  -3.83  x 10  4 T • m since  at  each  point  on  the  curve  the  direction  of  dt  is  reverted. 

EVALUATE:  The  line  integral  j B dl  around  a elected  path  is  proportxinal  to  the  net  current  that  is  enclosed  by 
tlie  path. 

Identify:  Apply  Ampere's  law. 

SET  Up:  From  the  right -hand  rule,  when  going  anxund  the  pith  in  a counterclockwise  direction  currents  out  of  the 
page  are  positive  and  currents  into  the  page  are  negative. 

Execute:  Path  a:  / . - 0 1BJI  - 0. 


Path  h 
Path  c 
Path  J 


! 10  A : 


dl  _ -j/t(4.0  A)  ^ -5.03 x 10  T m. 

Immi  - -/,  f Sk  -4.0  A + 6.0  A - 2.0  A =»  $B  • d/  * /*,(2.0  A ) - 2.5 1 x 1 0 * T m 

= -/,  + ls  + 1,  ^ 4.0  A o j>B  Jl  ■=  +*,(4.0  A)  = 5.03  x 10  * T m 
EVALUATE:  If  wc  instead  went  around  each  path  in  the  ckickwise  direction,  the  »gn  of  the  line  integral  would  be 
reverted. 

IDENTIFY:  Apply  Ampere's  law. 

SET  UP:  To  ealculatc  tlie  magnetie  fWld  at  a distance  / from  the  center  of  the  cable,  apply  Amprrc’s  law  to  a 
circular  path  of  radius/*.  By  svmnKtry.  jB  dt  - B(2.rr)  for  such  a path. 


EXECUTE:  (a)  For  a<r<b.  / . - / 


t B - ft  I =>  B2xr  - pj  —>B-  Ll 

2zr 


(b)  For  r >c\  the  enclosed  current  is  zero,  so  the  magneiic  field  is  also  zero. 

EVALUATE:  A useful  pmperty  of  coaxial  cables  for  many  applications  is  that  tlie  current  carried  by  the  cable 
doesn't  pnxluee  a magnetie  f*:ld  outside  the  cable. 

IDENTIFY : AppJy  Ampere  s law  to  calculate  B. 

(a)  SET  Up:  For  a < r < b the  ere!  view  is  shown  in  Figure  28.38a. 


Apply  Amprrc's  law  to  a circle  of  radius  r. 
when:  a < r<  b.  Take  currents  / and  /.  to 
be  directed  into  the  page  Take  this  direction 
to  be  positive,  so  go  around  the  integration 
path  in  the  clockwise  direction. 


Execute:  jfloT 
j«  <H  - 8(2.t.L  /_,  = /, 
rirni  fll2.Tr)  - nrui  fl  - 

2tt 
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28.39. 


28.40. 


28.41. 


28.42. 


(b)S>:T  Up:  r > <•:  See  Figure  2 


Apply  Ampere'*  law  to  a circle  of 
radius  r,  where  r > c.  Both 
currents  arc  in  the  positive 
direction. 


Figure  28J8b 

Cxeciiie:  jfl  af 


f B ay  -fl(2.r.  x 


Thu*  B12.Tr)  = u|7  . /. ) and  fi 


<UW,> 

2.7/ 


EVALUATE:  For  a < r<  h the  field  is  dix  only  to  th:  current  in  the  central  conductor.  For  r>  c both  currents 
contribute  to  th:  total  field. 

IDENTIFY:  Hie  largest  value  of  the  fiekl  occurs  at  the  surface  of  the  cylinder  Insid:  the  cylinder,  the  field 
increases  linearly  from  zero  at  th:  center,  and  outside  the  field  decreases  inversely  with  distance  from  the  central 
axis  of  the  cylinder. 

SET  UP:  At  the  surface  of  the  cylinder.  8 - insxle  the  cylinder.  Via  28.21  gives  8 L_L_L.  and  outside 

2.T R 27  R: 


the  field  is  ii  - 


tL 

: t, 


uj  r I ( ii./ 

EXECUTE:  For  points  inside  the  cylinder,  the  held  is  half  its  maximum  value  when ! 1.  which 


2.7  ft'  21  2.7ft 


aj  1 ( uj  \ 

give*  r - R: 2.  Outside  the  cy  linder,  wc  have  : -2  - — - . which  gi 

Ixr  2 * 2»7 ) 


ch  bivcs  r - 2ft 


EVALUATE:  The  field  has  half  its  maximum  value  at  all  posits  on  cylinders  coaxial  with  the  wire  but  of  radius 

ft  2 and  of  radius  2ft. 


IDEMTFY:  B -u.nl 


MyV/ 


SETUP:  0.1 50  m 

Execute:  * „m>o»ms.oo a>  .,00402T 
(0.150  m) 

EVALUATE:  The  field  near  the  center  of  tlie  solenoid  is  independent  of  the  radius  of  the  solenoid,  as  long  as  the 
radius  is  much  less  than  the  length. 

(a)  IDENTIFY  and  SIT  Up:  The  magnetic  field  near  the  center  of  a lone  solenoid  is  given  by  Eq.(2£.23k  B - iij\S 


EXECUTE:  Turns  per  unit  length  n - 


5.0270  T 


- 1 790  turns  ni 


//,/  (4tx|0  T m A)  12.0  At 
|b>  iV  - nL  - (1790  turns.  mX0.400  ml  - 716  turns 

Fach  turn  of  radius  R has  a length  2jtR  of  wire.  Tlx  total  length  of  wire  required  rs 
iV(2tB)  -(7l6K2fHI  .40“  10  ; ml ■ 63.0  m 

EVALUATE:  A large  length  of  wire  is  required.  Due  to  th:  length  of  wire  the  solenoid  will  hav  e appreciable 

resistance. 


Identify  and  SET  Up:  At  the  center  of  a long  solenoid  8 - nKnl  - — /. 


EXECUTE:  /- 


81. 


10.150  T81.40mt 


-41.8  A 


//..V  (47x10  TmAX4(HXI| 

EVALUATE:  The  magnetic  field  inside  the  solenoid  is  independent  of  the  radnis  of  the  soVmoid.  if  the  radius  « 
much  less  than  the  length,  as  is  the  case  here. 
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28.43. 


28.44. 


28.45. 


28.46. 


28.47. 


28.48. 


IDENTIFY  and  SET  Up:  Use  the  appropriate  expression  tor  the  magnetic  field  produced  by  each  current 
configuration. 

..  , „ til  , 2 3fl  23(2.00 x I0  ; mW37.2T|  , ... 

Execute:  3.72xlo'A 

2rr  /i,  43-10  TmA 

2(0.210  mX37.2  Tl  _ ,24-  IQ1  A . 

2R  A 7a,  (100X4.7  *10  TmA) 

,37-2T*<U20ml 237  A. 

L jipN  <4.7x10  T-m  AK40.000) 

EVALUATE:  Mixh  less  current  is  needed  for  the  solenoid,  because  of  its  large  number  of  turns  per  unit  length. 
IDENTIFY:  I'  vample  28.10  shows  that  outside  a toroidal  solenoid  there  is  no  magnetic  field  and  inside  it  the 

,oV/ 


magnetic  field  is  eiven  by  B 


SIT  L’P:  The  torus  extends  frtxu  r - 15.0  cm  to  r2  - 18.0  cm 

Execute:  (a)  r - 0. 12  m.  which  is  outside  the  torus,  so  B - 0. 

|b|/,~O.I6m.Mi  J-A^-M..25OKS.50Al^66|>,o  f 
2 xr  2.7(0.160  m) 

lc>  r - 0.20  m.  which  rs  outside  the  torus,  so  B - 0. 

Evaluate:  The  magnetic  field  inside  the  torus  is  proportional  to  1/r . so  it  varies  somewhat  over  the  cross- 
section  of  the  torus. 

IDENTIFY:  Example  2S.  10  shows  that  inside  a toroidal  solenoid.  B - fJ"‘" 

1 2.rr 

Set  Up:  r-  0.070  m 

Execute:  ^ T- 

2xr  2*10.070  m> 

Evaluate:  If  the  radial  thickness  of  the  toms  is  small  compared  to  its  nxan  diameter.  B is  approximately 
uniform  inside  its  windings. 

Identify:  Use  Eq.(28.24 1.  with  ^ replaced  by  fj  - K , with  A##  - 80. 

SIT  L’P:  The  contribution  from  atomic  currents  is  th:  ditlerencc  between  B calculated  with  //  and  B calculated 
with  fiv. 

Execute:  w «'*0*™*0  * 0.0267  T. 


2.7r 


2.7  r 


2.710.060  ml 


(hi  The  amount  due  to  atomic  currents  is  B'  - 22#  = 12(0.0267  T)  - 0.0263  T. 

Evaluate:  The  presence  of  the  core  greatly  enhances  th:  magnetic  field  produced  by  the  solenoid. 
Identify  and  Sir  In  B - <&i  28.24,  with  u.  replaced  bv  Ktu.  ) 


Lrr 


Execute:  (a)  at  -14og 


f- 


2.7  rii 


[2.90x10  * mX0.350  T) 


pjiji  <2x10  r-nvAX 14001(500} 
(b>  A'  =5200 


2.7  rB 


[2.90x10  J mX0.350  TV 


:.;725  A 


0.0195  A 


;/,A.iV  (2x10  r-nVAX>200X500} 

Evaluate:  if  the  solenoid  were  air  filled  instead,  a much  larger  current  would  be  required  to  produce  the  some 
magnetic  field 

Identify:  Apply*  - 1L2—11 
2 xr 

Sir  UP:  A,,  is  the  r clatiw  permeability  and  — A,#  - 1 rs  the  magnetic  susceptibility. 

EXECUTE:  ,.)A.,-if£=2-,02500"l,194°T)  2021. 

,oV/  0,(500^2.400  A) 


n.)  2020. 

Evaluate:  Without  the  magnetic  material  the  magnetic  field  insid:  the  windings  would  be  * 202 1 - 9.6  * 10  4 T. 
The  presence  of  the  magnetic  material  greatly  enhances  the  magnetic  field  inside  the  windings 
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28.49. 


28.50. 


28.51. 


IDENTIFY:  The  magnetic  field  from  the  solenoid  alone  is  Bt  - The  total  magnetic  field  is  B - A..#,.  A/  is 
given  by  I:.4<28.29>. 

Set  UP:  n - 6000  turn*  m 

Execute:  (a)(i)  Bu  = iijii  =^(6 OOOm  '><0.15  A)  = 1.13x  10  T. 

(ii)  A/s^±Zi&3£l^<|.13xlO'sT)B4.68MlO^  A/m. 

A»  A. 

(hi)  - (5200K  1.13x10  1 T)  = 5.88 T. 

(h)  The  directions of  B . /?.  and  M an:  shown  in  Figure  28.49.  Silicon  steel  ts  paramagnetic  and  B{  and  M are  in 


EVAl.l  Alt.: 


Sum***  Nr 


Figure  28.50 

IDENTIFY:  Moving  charges  create  magixtic  fields.  The  net  field  is  the  vector  sum  of  the  two  fields.  A charge 
moving  in  an  external  magnetic  field  feels  a force. 

(a)  SET  Up:  The  magnetic  field  due  to  a moving  charge  is  B - iJ"  'lu*  Both  fields  are  into  the  paper,  so 

4*  r 

their  magnitudes  add.  giving  8^  -B+  8'  - ill.  ;*  ~ >.  V.U>  * . 

4t  \ i*  r J 

EXECUTE:  Substituting  number  gives 

0 M,  f (8.00.tfCM9.00xl04  m's)sm90:  (5.(0 /it'H6.50x  104  m,s)sin90: 

~ 4*[  (OJtxTm r 10.400  ml* 

8^  =1.00x10*  T -1  Mfils  into  the  paper. 

(hi  SET  Up:  The  magnetic  force  on  a mining  charge  is  F - qv  > B.  and  the  magnetic  field  of  charge  q at  the 
loeatievi  of  charge  q ts  into  the  pace.  The  force  one  is 


/ - qv  x B - foi'li  x 


i«,  qf*r 


, <</■»“ 


M.  ^v'-iir  $ 

4,t  7 


<* ' 


/*>  . , 

7 ; 


iDt.Min : Curie's  Uw  (Eq.28.32)  says  that  MM  is  proportional  to  T,  so  is  propartioml  to  T. 
SET  L’P:  71>c  uruph  of  l.'r  versus  the  Kelvin  temperature  is  given  in  Figure  28.50. 


Execute:  The  material  does  obey  Curie's  law  because  tlv  graph  m Figure  28.50  is  a straight  line.  M - C—  ami 


\t 


LAavMhU  , -£" 
■ ■ r 


— : — and  the  slope  of  1 > versus  7* is  l.<(C/j|al . Therefore,  from  the 


where  ^ is  the  angle  between  v and  r 
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28.52. 


28.53. 


28.54. 


28.55. 


EXECUTE:  Substituting  number*  gives 


r =. 


kms)^o.40>\l*r 

iOSW/  7 


Mi  (8.00  x 10^  C )( 5.00  v 10  * C )(9.C0  x 10  * ms )( 6.50  x 10 
4t[  (0.500  ml' 

/’={ 7.49x10*  S)j. 

EVALUATE:  These  are  small  fields  and  small  force*,  but  if  the  charge  has  small  mass,  the  force  can  aficct  ils 
motion. 

lDf.\l1FY : The  wire  creates  a magnetic  field  near  it.  and  tlx  moving  electron  feels  a force  due  to  this  field 

u J 

SET  UP:  The  magnetic  field  due  to  the  wire  is  B . and  the  force  i>n  a moving  charge  is  F - qvB sind- 

2rr 

Execute:  F - qvBnnf-  (ev/^J  unfy2xr.  Substituting  numbers  gives 
f ■(1.60x10  'CX6.IXI.10'  m»H4«xl0  ’ T nv'AM2.50  A)(»in90,,).'I23(0.(M50  m)l 
F-  1.07  x 10  “N 

From  Ibc  right  hand  rale  fi>r  the  crow  product.  the  direction  of  r>  B is  opposite  to  the  ciment.  but  since  the 
electron  is  negative.  tlx  force  is  in  the  sanx  direction  as  the  current. 

Evaluate:  This  force  is  smill  at  an  everyday  level,  but  it  would  give  the  electron  an  acceleration  of  about  H)1  m/s\ 
iDEMltY:  Find  the  force  that  the  magnetic  field  of  the  wire  exerts  on  the  electron. 

SET  UP:  The  force  on  a moving  charge  has  magnitude  F - |y|i  #sxnd  and  direction  given  by  the  right-hand  rule. 

For  a king  straight  wire.  B - — anl  the  direction  of  B is  given  by  the  right -hand  rule. 

Irr 

_ , m F L I-  B sin ^ cv(  uj 

Execute:  (a)  <j U — 

m ik  ik  V 2xr 

<1.6x10 •|tC>2.50xlQ<  m sH4gxlQ  T in  AH25.0  A>  ( |x)(y»m^ 

(9.11x10  ' kgM2xM0.02<10  ml 

away  from  the  wire. 

|h>  The  clectrx  force  must  balance  tlx  magnetic  force.  cE  - cvB . and 
//,/  (250. 000  mfr)(4x  x I0'?  T • m/A)f25.0  A)  _ 

2t7  2.t(0.020)  m) 

tlie  wire  so  the  force  from  the  electric  field  must  be  toward  tlx  wire.  Since  tlx  charge  of  the  electron  is  negative, 
the  clectrx  field  must  be  directed  away  from  the  wire  to  produce  a force  in  the  desired  direction. 

Evaluate:  <c)  «*  = <9.llxl0  ’*lfcgX9Jm's*)«l0**N.  Fu=eE  ^ (1.6x10  ,v CX62.5 N.C) » 10  ' N. 

Fa  * itf1  F^m%  so  vve  can  neglect  grav  ity. 

IDENTIFY:  Use  liq.(28.9>  and  tlx  right  hand  rule  to  calculate  the  magnetic  field  due  to  each  wire.  Add  these  field 
vectors  to  cakubtc  the  net  field  and  then  use  Lq.<27.2)  tocalcuhte  the  force. 

Set  UP:  Let  the  wire  connected  to  the  25.0  f2  resistor  be  #2  and  tlx  wire  connected  to  the  10.0  Q resistor  be  Ml. 
Both  /,  and  /:  are  directed  toward  the  right  in  the  figure,  so  at  the  kxation  of  the  protixi  B.  is  ® and  ft  -O- 

ft,  = -jL  and  ft.  - !hh.,  with r = 0.0251)  m l - (1CO.O  VM  10.0 III  = 10.0  A and  I.  - <100.0  VI  (25.0 O) - 4.00  A 
2w  2w 

Execute:  ft,  =800x10  ' T.fl.  -J.20-10'  T and  ft  - ft,  - ft.  =4.80. 10  ' T and  in  the  direction  O- 

Force  is  to  the  right. 


E - \B  - v^-i—  62.5  NC  . The  magnetic  force  is  directed  away  from 


X- 


V 

Figure  28.54 

*(1.602x10  w 0(650x10'  m’sWd.KOxlO1  T)  = 5.00x10  **  N 
EVALUATE:  The  force  is  perpendicular  to  both  v and  B The  magnetic  force  is  mixh  larger  than  the  gravity 
force  on  the  proton. 

iDE.VIltY : Find  the  net  magnetic  field  due  to  the  two  kiops  at  the  kicatiun  of  the  proton  and  then  find  tlx  force 
these  fields  exert  on  tlx  proton. 

SET  UP:  For  a circular  loop,  the  field  on  the  axis,  a distance  x from  the  center  of  the  \aop  is  B - \ ^nmm  ' ■ 

R - 0.200  m and  x - 0.125  m. 


28.5*. 


28.57. 


28.58. 


Source*  of  Magnetic  Field 


II 


Execute:  The  fields  add,  *o  B = B + B - IB  = 2 


u,!R- 


a I «:.  A i|  I SO  A l|l)  2I<  :n  i T 

1(0.200  ml1  .(0.1 25  m)'' I*' 

F - |,y|.ffsin*  - (1.6-  10  " 0(2400  m*)(5. 75  x 10 * T>*in  90°  - 2.21 » I0'"  N.  perpendicular  to  the  line  ah  and 
ti>  the  velocity. 

EVALUATE:  The  weight  of  a proton  is  w - mg  - 1.6x  ID  **  N.  so  the  force  from  the  locals  is  much  greater  than 
the  gravity  force  chi  the  proton 

IDEM  : Tlic  net  magnetic  field  es  the  valor  sum  of  the  fields  due  to  each  wire. 

uj 

SET  UP:  B - . The  direction  of  B is  given  by  the  right  hand  rule. 

2t  r 

EXECUTE:  (a)  Th:  currents  are  the  same  so  points  where  the  two  fields  arc  equal  in  magnitude  are  equidistant 
from  the  two  wires.  The  net  field  is  zero  along  th:  dashed  line  shown  in  Figure  28.5(u. 

(b)  For  the  magnitudes  of  the  two  fields  to  be  the  same  at  a point,  the  point  must  be  3 times  closer  to  the  wire  with 
the  smaller  current.  The  ixl  field  is  zero  along  the  dashed  line  shown  in  Figure  2S.56H. 

(c>  As  in  faL  the  points  arc  equidistant  from  both  wires.  The  net  field  is  zero  along  the  dashed  liix  shown  in 
Figure  2S.56c. 

EVALUATE:  The  lii»es  of  zero  net  field  consist  of  points  at  which  the  folds  of  th:  two  wires  have  opposite 
directions  and  equal  inaunitudcs. 
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iDtvnn:  6-HlHiIL 
4x  • 


(t>) 

Figure  2856 


Set  Up:  r - j and  r - 0.250  m.sor/r-  vv  j - »•,  k 

1 -6.00x10^ T and 


Exec  ute:  B .l2Jr(!<j-»,,A|  = (6.00xio  ‘ T)/*,-0.  = 

4.TI 6.00x10 ‘TM0.25m): 


vu  - — — — — — ^ ~ ' — -52 1 m s.  yi4  - ±yj\'l  - v^,3  - v4/  - ±^<800  m's):  - (-521  m s):  - r607  m s. 
The  sign  of  v,.  isn't  determined. 

(b>  Now  r - / and  r - 0.250  m B-  ii — t i \ k - v,  i ). 

4 x r 4 rr  ' 

J,-  .v:  - iSliiir  - £tlZ£2lliI^iaoO  nil  - 9.20-  10  * T. 

4e  *■  01  4s  ° 4.t  <0.250  m)‘ 

Evaluate:  The  magnetic  field  in  part  (b)  doesn't  depend  on  the  sign  uf  v0t. 

iDEMm  and  SET  UP:  B - BAx*a\i 


Apply  Gauss's  law*  for  magixtic  fields  to 
a cube  with  side  length  /..  one  corner  at 
the  origin,  and  sides  parallel  to  the  v,y 
and  z axes,  as  shown  in  Figure  28.58. 


Figure  28.58 
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28.59. 


EXECUTE:  Since  fl  is  parallel  Id  the  *-axis  the  only  sides  thit  hive  non/en>  tlux  are  the  fremt  side  I parallel  to 
the  lT-plane  at  x - L\  arel  the  tuck  side  (parallel  to  the  tr  planc  at  a*  - 0.) 
front  <1>^  - j fl  dA  - A0(*Ar)J  dA\i  • /)  - B^x'a >J  iti 

x — L on  this  face  so  B dA- Bt{La)dA 

4',  = fl, iL'a)\  M - fl.ItVo) 

back  On  the  hack  face  x - 0 so  B - 0 and  <I>,  - 0.  The  total  tlux  thnxigh  the  cubical  Gauswan  surface  is  <t>,  - B,(Ll)'a). 
EVALUATE:  Th»  violates  Lq.f27.8k  which  sa>*  that  «t>^  - 0 for  am*  closed  surface.  The  claimed  B is 
impossible  because  it  has  been  shown  to  violate  Gauss’s  law  6>r  magnetism. 

iDEVIltY:  Use  Eq.(28.9)  and  th:  right-hand  rule  to  calculate  the  magnitude  and  direction  of  the  magnetic  field  at 
P produced  by  each  wire.  Add  these  two  field  vectors  to  find  the  net  field. 

(a)  SEE  Ur:  The  directions  of  the  fields  at  point  P due  to  the  two  wires  are  sketched  in  Figure  28.59a. 

(?)/,-  6.00  A 


.-.I 


ti.XI 


Execute:  fl,  and  fl  muu  be  equal  and 

opposite  for  the  resultant  field  at  P to  he  zero 
fl.  is  to  the  right  so  / is  out  of  the  page. 


fl  ^ 


8,  P 
Figure  28.59a 

u.  ( 6.00  A 


2si  2s  M in 


i I : 


Zzr  0.50  m 


>50  m 


.rum  ' ^ i.  im 


5.00  A)  = 2.00  A 


1.50  m 

(bf  SET  Up:  The  directions  of  the  fields  at  point  Q arc  sketched  in  Figure  28.5%. 

Execute: 


fl  - |2x  10  T in  A ] 


2^ 

. = f2x  10 


b.rxi  A 

0.50  m 


2.40*10  r 


n A )1  " ^ - 2.67  x 1 (I 

‘ \50m 


fl,  aiiel  B are  in  opposite  directions  arxl  fl,  > fl:  so 

fl  = fl,  -fl.  = 2.40x10^  T-  2.67x10  1 T = 2.13x10*  T.  and  fl  is  to  the  right. 

(c>  SET  UP:  The  directions  of  the  fields  at  point  S are  sketched  in  Figure  28.59c 

M.'f 


i <ilm 


I.XECITE:  ii 


i*r. 


R -(2x10  T m All  f " V !-2.lX»xt(] 


lxr. 


^(2xia 


>60  m 


tn»’A)l  ~ 'A  - 5.00  x 10 


0.80  m • 


Figure  28.59c 


fl.  and  fl,  arc  right  angles  to  each  otto.  » the  magnitude  of  their  resultant  is  given  by 
fl-  Jb;  r B:  -^<2.00x10*  T)*V(5.0Oxl0  T>:  -2.06x10*  T 
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28.60. 


28.61. 


28.62. 


28.63. 


Evaluate:  The  magnetic  field  lines  fer  a long,  straight  wire  arc  concentric  circles  with  the  wire  at  the  center. 
The  magnetic  fickl  at  each  point  b tangent  to  the  field  line,  so  B is  perpendicular  to  the  line  from  the  wire  to  the 
point  where  th:  field  is  cumulated. 

IDEMUY : Find  the  vector  sum  of  the  magnetic  fields  due  to  each  wire. 

i/  / 

SET  UP:  For  a long  straight  wire  B . The  dirccticei  of  B is  given  by  the  right-hand  rule  and  is  perpendicular 

2jt  r 

to  the  line  from  the  wire  to  the  point  where  then  field  is  calculated. 

Execute:  (a)  The  magnetic  field  vectors  are  shown  in  Figure  28.60a. 

,, 
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(c>  The  graph  of  B versus  xfa  is  given  in  Figure  28.60b. 

EVALUATE:  (dl  The  magnetic  field  is  a maximum  at  the  origin,  x - 0. 


(b)  At  a position  on  the  .v-axis  If  - 2— — sin0 


in  the  positive  x-dircction 


(c>  When  v »a.B  * 


IF 


(W 

Figure  28.61) 

iDEVIltY:  Apply  F - HBstnfi.  with  the  iragnclic  field  al  poinl  P (Hal  is  calculated  in  problem  28.60. 

uja 

SET  L’P:  Th:  net  field  of  the  first  two  wires  at  the  location  of  th:  third  wire  rs  B in  the  ♦ x -direction. 

x*+a') 

EXECUTE:  (a)  Wire  is  carrying  current  into  th:  page,  so  it  feels  a fi>rce  in  the  - -direction  . 
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(b|ll  th:  wire  carries  current  out  of  the  page  then  the  force  felt  will  be  m the  opposite  direction  as  m part  (a).  Thus 
the  force  will  he  1. 1 1 x 10  * N/m.  in  the  ^direction 

EVALUATE:  We  could  also  calculate  the  force  exerted  by  each  of  the  first  two  wires  and  find  the  vortor  sum  of 
the  two  forces. 

IDEMUY : The  wires  repel  each  other  since  they  carry  currents  in  opposite  directions,  so  the  wires  will  move 
away  from  each  other  until  the  magnetic  force  is  just  balanced  by  the  force  due  to  the  spring. 

SEE  UP:  The  force  of  the  spring  ts  kx  and  the  magnetic  force  on  each  wire  is  /*fM-  - . 

2jt  x 

Exec  ute:  Call  X the  distance  the  springs  each  stretch.  On  each  wire.  /\f  - FW|.  ami  there  are  two  spring  forces 

an  each  wire.  Therefore  2 Ax  - . which  gives  x - J-ld — — . 

It  x \ 2t  k 

EVALUATE:  Since  ji,'2jt  is  small,  x will  likely  he  much  less  than  the  length  of  the  wires. 

IDEVIIFY : Apply  V /*  - 0 to  one  of  the  wires.  The  force  ooc  wxrc  exerts  cm  the  otl>^  depends  on  / so  ^ F - 0 
gives  two  equations  for  the  two  unknowns  T and  /. 

SEE  UP:  The  force  diagram  for  one  of  the  wires  is  given  in  Figure  28.63. 


The  force  one  wire  exerts  on  the  other  «/'*—]  1‘  L 

{ 2jzr 

where  r = 2(0.040  m)sin0  -S.362  x 10  1 m is  the 

distance  betw  een  the  two  wires. 
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28.64. 


28.65. 


28.66. 


28.67. 


Execute:  JV  - 0 give*  T ct *0  - my  and  r = my! cos 0 
I'>°  gives  F - T sin 0 - (my  cosf/|  wn0  - my  la nO 
And  m _ x£,  to  F - J.LytanO 


2.T  I 


l - ALg  tan  0 


*Br 


IA'2^1 


, 0.0125  kgmHlSfl  m»:(lan  6.0Q,H«362<IQ  ‘ ml  , 


2*10  I-m'A 

Evaluate:  Since  the  currents  arc  in  opposite  directions  the  wires  repel.  When  / is  increased,  the  angle  0 from 
the  vertical  increases;  a large  current  is  required  even  fee  th:  small  displacement  spccifard  xn  this  problem. 
iDLVim:  Consider  the  forces  cei  each  side  of  tbc  l«ip. 

Set  UP:  The  forces  on  tbc  left  and  right  sides  cancel.  The  forces  on  the  lop  and  bottom  segments  of  tbc  loop  are 
in  opposite  directions,  so  the  magnitudes  subtract. 

/jjS.CKl  A)(0.200  mX  14.0  A)  ( 1 1 
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r l 


- 7.97  x 10  ' N . The  force  on  the  top  segment  ts  away 


from  tbc  wire.  so  the  rct  fcece  is  away  from  tbc  wire. 

EVALUATE:  The  net  force  on  a current  kiop  in  a uniform  magixlic  field  is  zero,  hut  the  magnetic  field  of  the  wire 
is  not  uniform,  it  is  stronger  closer  to  the  wire. 

iDEVnn  : Find  the  mignctic  fWld  of  the  first  loop  at  the  location  of  the  second  loop  arcl  apply  r | • /?|  and 
U - -fi  B to  find  and  U. 

SET  Up:  Since  x is  much  largcT  thin  a . assume  B is  uniform  over  the  second  loop  and  equal  to  its  value  on  the 
axis  of  the  first  loop. 

„ . , „ Nil  Jo1  Xu  ,Ia‘ 
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co*0 
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Evaluate:  (c)  Having  .r  » a allows  us  to  simplify  the  form  of  tbc  magnetic  field,  whereas  assuming  x » a 
means  we  can  assurrc  dial  the  magnets:  field  from  the  first  loop  is  constant  over  the  second  loep. 

IDEVnn:  Apply 

4.t  F 

SET  Up:  The  two  straight  segments  produce  zero  field  at  /*.  The  field  at  the  center  of  a circular  loop  of  radius  R is 

B 2U-  the  field  at  the  center  of  curvature  of  a semicircular  loop  is  B - ^-L 
2R 

Execute:  The  semicircular  loop  of  radius  a produces  fVrld  out  of  tbc  page  at  P and  tbc  scmicirculir  loop  of 

at  - — J.  out  of  page 

b * 


radius  b pnxlures  field  into  the  pane.  Therefore.  B - If 


-Mr-;)- 


Evaluate:  If  a = 6.  B - 0. 

I DEV  11  tv : Find  the  vector  sum  of  the  fields  due  to  each  loop. 

uja* 

SET  UP:  For  a single  loop  B - - ■ ’ — . Here  we  hive  two  loops,  each  of  »V  turns,  arxl  measuring  the  field 

2(x  -f  a ) 


along  the  x-a.\is  from  between  tlxm 

Execute: 


tlut  the  V tn  the  formula  different  for 


Left  coil:  x-txi-  -y  B - 


Ogh.  coil:  fl. . 

2 2,  it -a;  2)‘.  T)- 
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28.6S. 


2S.69. 


So.  the  total  (Vrlcl  at  a point  a distance  r from  the  point  between  th:m  is 


< la  | I I 

ft  (I«  ♦ a/2f  * 1'"  * «.<  - a/2)'  4 .V , • 


lb)  B versus  t is  graphed  in  Figure  2K.67.  Figure  2S.67a  is  the  total  Field  and  Figure  27.67b  is  the  field  From  the 
right -Kind  coil. 

(c) A, point  P.  t - 0 and B i_ !_|- 

2 \ ((<r/2)  >'  <5a7*»)v'  IsJ  * 

f ■"'<-l(10"6":iAl  - 0.0202  T. 

\s)  o IsJ  (O.OSOm) 

j,  2 U**«/ 2 >-.*->'■'•  Kx-a;2)'  ra-y-; 

.IB  -3«.,2|  -3<-a2l  ) 

dx  * 2 l,((a/2)‘  .a'F  «-i»/2)'  * a‘  l'1  j 

» ftW/i'f  -3  6<.-,,'2)J|S/2)  -3  6|>  -a,‘2)'(5,'2l  i 

rfV  2 i ((*-*<r/2)'  -»  u‘ HWSTTTF  •(>  ~ i.‘2|'  ? it'  >‘  J ((»-*./2)J  ->(!')'  ‘ ) 


At  . 


d:B 

1F\ 


l(fl.'2« 


2 6h,,'2),(S/2>  -3  6|-a,.l2);(5,-2)  _ 

■taV  ((o.i'2>‘  ♦ a1 )'  • ((^TpTTT^  ((a.'-l1 t a’’)'  ; 


EVALUATE:  Since  both  First  and  second  derivatives  an:  zero,  tbc  field  can  only  he  changing  very  slowly. 
0 t) 


OCO  ai(C  0200  O.XO  <M<X>  o.sc 

w 


lizurc  28.67 


IDENTIFY : A current -carrying  wire  produces  a magnetic  Field,  hut  the  strength  of  the  field  depends  on  the  shape 
of  the  wire. 

SET  L'P:  Ihe  magnetic  field  at  the  center  of  a circular  wire  of  radius  a is  B - /*,/•' 2*j.  arcl  the  field  a distance  x 

from  tbc  center  of  a stnueht  wire  of  length  2n  is  B - — -^-1— 

4jr  x-Jx'  + a1 

Execute:  (a)  Since  the  diameter  D - 2ii.  we  have  B - /r,/*2<i  - f> 

(hi  In  this  case,  the  length  of  the  wire  is  equal  to  the  diameter  of  the  circle,  so  2a  - tD,  giving  a - x 1X  2.  and 

Therefore  B _-l_l *li — 

4t  {Df  2)40*  /4  * x 1Di  /4  D J\  r xi 


EVALUATE:  The  field  in  part  (a)  is  greater  by  a factor  of  yj I + x2  . It  is  reasonable  that  the  field  due  to  the 
circular  wire  is  greater  than  the  Field  due  to  the  straight  wire  because  more  of  the  current  is  close  to  point  .4  (vx  the 
circular  wire  thin  it  is  for  tbc  straight  wire. 

Identify:  Apply  . 

4.t  r 

SET  L’P:  The  contribution  from  the  straight  segments  is  mo  since  dt  xr  - 0.  The  magnetic  field  from  the  curved 
wire  is  just  one  quarter  of  a lull  loop. 


Execute:  B- 


T{  2ft  J 8 ft 


jixl  is  directed  out  of  the  page. 
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28.70. 


28.71. 


28.72. 


Identify:  Apply  dB  - 


EVALUATE:  It  u very  simple  to  calculate  B at  point  P hut  it  would  be  much  more  difixult  to  calculate  B at  other 
points. 

/i  Idf  xr 

4.T  7 

SET  L’P:  The  horizontal  wire  yields  zero  magnetic  field  since  dl  x I - 0.  The  vertical  current  provvdes  the 
magnetic  field  of  half  of  an  infinite  wire.  (The  contribution*  from  all  infinitesimal  pieces  of  the  wire  point  in  the 
same  direction,  so  there  is  no  vector  addition  or  components  to  worry  abcut.  > 

Execute:  B - -I  _ -i-L  and  is  directed  out  of  the  pipe. 

7Ut Rl  AxR 

EVALUATE:  In  the  equation  preceding  Eq.{2ft.K)  the  limits  on  tlv  integration  are  0 to  »r  rather  than  -a  to  a and 
this  introduces  a factor  of  y into  th:  cxprcssxm  for  B. 

(a)  IDENTIFY:  Consider  current  density./  for  a small  cooccntnc  ring  and  integrate  to  find  the  total  current  in 
terms  of  a and  R. 

SET  UP:  We  can't  ay  / - JA  - JxR * . since  J varies  across  the  cross  section 


To  integrate ./  over  the  cross  section  of 
the  wire  divide  the  wire  cross  section  up 
into  thin  corxentnc  rings  of  radius  r and 
width  dr.  as  shown  in  figure  28.71. 


Figure  28.71 

Execute:  The  area  of  sixh  a nng  is  dA . and  the  currant  through  it  k di  - JdA:  dA  - 2 jzrdr  and 
dl  - JdA  - arilxrdr)  - hair1  dr 

l-\dl- 2xaft  7 dr  - 2xa\R‘  i 3)  so  a - ^—^7 
(h|  Identify  and  Set  t>:  (i)  r s R 

Apply  Ampere's  law  to  a circle  of  radius  r < R.  Use  the  ircthod  of  part  la)  to  find  the  cuncnt  enclosed  by  the 
Ampere's  law  path. 

EXECUTE:  js  »di  — <^Bdi  - B^dl  - by  tlu:  symmetry  and  direction  of  B.  The  current  passing  through 

the  path  is  />#(  - J di.  where  the  integration  is  from  0 to  r.  /^(  - 2.wJ  r~dr  - ^ j r * - Thus 

m.U  S>'°  a TZJp~ 

(ii)  Identify  and  Set  L>:  > * R 

Apply  Ampere’s  law  to  a circle  of  radius  r > R. 

Execute:  jfl  Jl  - jli<lt  - - B(2.rr) 


f ’ * . U,/ 

. - /:  all  the  cunent  in  the  wire  pisses  through  this  path.  Thus  | B>dt  • u.J  . *ives  B{2xr)  - uJ  and  B 

J 2.T r 


EVALUATE:  Note  thit  at  r - R the  expression  in  <1)  I for  rS/f)  gives  B - - — At  r - R the  expression  in  { 11) 

( for  r £ R ) gives  B - . which  is  the  same. 

2xR 

Identify:  Apply  Ampere’s  law  to  a circle  of  radius  r in  ea:h  case. 

SET  IT:  Assume  that  the  currents  arc  uniform  over  the  cross  sections  of  the  conductors. 


CXECl  it:  (a)  r<0=»/tfaA«/^j«/^j.  fBdi  = B2xr  = Klm+*/iJ 
uJ 

r - a.  B . which  is  just  what  was  found  in  part  ia)  of  Exercise  28.37. 


r 1 u.lr 


ami  B - — When 
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28.73. 


28.74. 


28.75. 


28.76. 


|b)  b<r<c=>U  1-^— J*  .//  - tf2er-/i,/|  l-p_^ 

5 L — L.  When  r - 6.  just  as  in  part  (a)  of  Exercise  2S.37  and  when  r - c,  8 - 0.  just  as  in 

2sr\f  -A  J 2x6 

part  (b)  of  Exercise  28.37. 

Evaluate:  Unlike  A'.  8 is  not  zero  within  the  coodtxlors.  8 varies  across  the  cross  section  of  each  conductor 
Identify:  Apply  0. 

SET  UP:  Take  the  closed  gnussaan  surface  to  be  a cylinder  whose  axis  coincides  with  the  wire. 

EXECUTE:  If  there  is  a magnetic  field  component  in  the  rdirection.  it  must  h:  constant  tveause  of  the  symmetry 

nf  the  wire.  Therefore  the  contributxm  to  a surface  integral  over  a closed  cylinder,  encompassing  a long  straight 
wire  will  be  zero:  no  flux  through  the  barrel  of  the  cylinder,  and  equal  but  opposite  flux  through  the  ends.  The 
radial  Held  will  have  no  ccmtnbutxm  through  the  ends,  but  through  the  barrel: 

0 - jB  <i.4-  jar<l.4-j  B JA  - | BdA  = - 0 . Therefore.  B§  =0. 

EVALUATE:  The  magnetic  fiekl  of  a long  straight  wire  is  everywhere  tangent  lo  a circular  area  whose  plane  is 
perpendicular  to  the  wire,  with  the  wire  passing  through  the  center  of  the  circular  area.  This  field  produces  zero 
flux  through  th:  cylindrical  guussaan  surface. 

Identity:  Apply  Ampere's  law  to  a circular  |\ith  of  radius  r. 

Set  UP:  Assume  the  cuncnt  is  uniform  over  the  cross  section  of  the  cooductor. 

Execute:  (a) 

V 


r'-b- 


11 


c‘-r 


c'-b 


.--•ul 


|b>  ii  </•</>->  / 


ia  -/  a|r|-a'1 

A*  sift* -a').  > 1 


B2ar"A,fe4iBd 


2«r  (b-a) 


(O  r >*=>/.  - I. 


B2xr  - ti  l and  B - 

2.T f 


Evaluate:  The  expression  in  part  <b)  gives  8 - Oat  r - a and  this  agrees  with  the  result  of  part  (at.  The 

expression  in  part  4b  I gives  8 - at  r = h and  this  agrees  with  the  result  of  part  (c). 

2 jt8 

Identity:  Use  Ampere's  law  to  find  the  magnetic  fiekl  at  r - 2u  from  the  axis.  The  analysts  of  Example  28.9 
shows  that  the  field  outside  the  cylinder  is  the  same  as  for  a long,  straight  wire  along  the  axis  of  the  cylinder. 

Set  Up: 

Execute:  Apply  Ampere  s law  to  a circular 
path  of  radius  2a.  as  shown  in  Figure  28.75. 

i 


_ . (2fl)'  -a1 


3/  S 


8 - - — this  is  the  magnetic  field  inside  the  metal  at  a distance  of  In  from  the  cylinder  axis.  Outside  the 
I6  2xd 

cylinder.  8 - The  valu;  of  r where  these  two  fields  are  equal  is  given  by  l»'r  - 3.'|16t/i  and  r - l6a/3. 

2 jrr 

Evaluate:  For  r < 3*r.  as  r increases  the  magnetic  field  increases  from  zero  at  r *0  to  .'(2x(3u))  at  r - 3a. 
For  r>  3a  the  field  decreases  as  r increases  so  it  is  reasonable  for  there  to  tc  a r > 3ii  where  the  field  is  the  same  as 
at  r - 2a. 

IDENTITY:  The  net  field  is  th:  vector  sum  of  the  fields  due  »o  the  circular  loop  and  to  tbc  long  straight  wire. 

SET  UP:  For  the  long  w ire.  8 - -i— - . and  for  th:  lexip.  8 ~ tl-L, . 

Execute:  At  the  center  of  the  circular  loop  the  current  /,  generates  a magnetic  field  that  is  into  the  page,  so  the 
current  /,  must  point  to  the  nght.  For  complete  cancellation  the  two  fields  rmirt  have  the  same  magnitude: 

1x1)  21(  ’ B ‘ 


Evaluate:  If  / is  to  the  left  the  two  fields  add. 
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28.77. 


28.78. 


IDENTIFY:  Use  the  current  density  J to  tind<//  through  a concentric  nng  and  integrate  over  tlic  appropriate  cross 
section  to  find  the  current  through  that  crow  section.  Then  use  Amfxrc’s  law  to  find  B at  the  specified  distance 
from  the  center  of  the  wire. 

(a)  Set  UP: 

Divide  the  cross  section  of  the  cylinder  into 
thin  concentric  rings  of  radius  r and  width 
dr.  is  shown  in  Figure  28.77a.  Tl»e  current 
through  each  nng  is  dl  - J dA  - Jlxrdr. 


Figure  28.77n 

21 


EXECUTE:  dl  - -lly|l  -(r/*r|:  J2^r  dr  - - Jr/a)*  Jr  dr.  The  total  current  / is  obtained  by  integrating  dl 


over  the  cross  section 


is  wus  to  he  shown. 


(I>)  SET  UP:  Apply  Air^ierc’s  law  to  a path  thit  » a circle  of  radius  r > a.  as  shown  in  Figure  28.77b. 

II  - BI2sr) 

1^  - A,  (the  path  crxloses  the  entire  cylinder) 

Figure  28.77b 

Execute:  jo  dt  - ftf**  »>*  B(2xr)  - pj4  and  B - 


lc>  Set  Up: 


Div  ide  the  cross  section  of  the  cylinder  into  concentnc 
rings  of  radius  r*  and  width  d Y.  as  was  done  in  part  <a). 
Sec  Figure  28.77c.  Tlx  current  dl  through  each  ring 


F igure  28.77c 

Execute:  The  current  / is  obtained  by  integrating  dl  from  Y - 0 

■£) 


r'  -r. 


P ■ 16.fr3 /2-r4/4tf*)«^-l  7 


(d)  SET  Up:  Apply  Ampere’s  law  to  a path  thit  is  a circle  of  radms  /*  < a.  as  shown  in  Figure  2877d. 

ja  J - 

i - LlS  2 - - — I < from  part  (c)) 


Figure  28.77d 


Execute:  [b  iit  - uJ  . says  B{ 2xr ] - //.  —[ 2 - Sta3  > and  U - /A,/!  '■( 2-r3 /a3 ) 

* a'  2x  a* 

Evaluate:  Result  m pan  (b>  evaluated  at  r - a:  B - Result  in  pan  id)  evaluated  at 

2xa 

r -cr.  B ~ (2  - a3  (a3 ) - The  two  results,  one  for  r > a and  the  other  for  r < a.  agree  at  r - a. 

2.r  a ' 2jra 

IDENTIFY:  Apply  Ampere’s  law  to  a circle  of  radius  r. 

SET  UP:  The  current  within  a radius  r is  / - j J • d.4  . where  the  integration  is  over  a disk  of  radius  r. 
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28.79. 


28.80. 


28.81. 


Execute:  (■)  /,  jj  .14  ^ j j -c—'  2*>>J  V ■"rfr.’iM  e'-" [ = 2*M(l-*  •'). 

!,  - ’*(600  A m)  (0.025  in) (I  - /«“*•»)  agl.S  A. 


|b)  For  r i a.  <i!  - Blsr  = - //,/0  and  B - il_L. 

lOfor.ij.  /(.)-{  7 di  = J^Lcv  j/rfrV»  - 2.t/>JJ  e‘-'<fr  - 2rfhV  "“j. 

/(■I  - 2.i/d(c' -r  •'|^2*hV"‘(cr*-l)  and 


(**-»>  . - -0 
2*r(f-  -l»‘ 


(d>  lor  rSa.  }«  ,//  = fl(r(2*r  - - «,/.  -l-_  and  ft  = 

MAI  r -6*  0025  m.  #.  »>*;"  - ^,l'5At  .JJ  .I.TS-WT. 

2e, H.-'  -II  2b(0.025  m|  (c‘ 

Al  r-a -0.050m.  ft-  — - -}.26xl04T. 

2*a  («*  * - 1)  2*(0.050  ml 

Al  r - 2d  - 0. 100  m.  B - tlJj.  -I.63»10*T. 

2*r  2*(0.1(Xi  m) 

Evaluate:  At  points  outside  the  cylinder,  the  magnetic  Field  is  the  same  as  that  due  to  a long  wire  running 
along  the  axis  of  the  cylinder. 

Idem  it \ : Evaluate  the  integral  as  specified  in  the  problem. 


SETUP:  Eq.l  28. 1>) says  B,  - 

Exec  he: 


2UW)-J- 

where  we  used  the  substitution  2 - tan  0 to  go  from  the  First  to  second  line. 

E VALLATE:  Thts  is  Just  what  Ampere's  Law  tells  us  to  expxt  if  we  imagine  the  loop  runs  along  the  .r«axis 

closing  on  itself  at  infinity:  j-B  Jt  - /»,/. 

IDEM1FT : Follow  the  procedure  specifies!  in  the  problem. 

SET  L’P:  The  Field  and  integration  path  arc  sketched  in  Figure  28.80. 

EXECUTE:  jo  Jl  - 0 (no  currents  in  the  region).  Using  the  figure,  let  B - &J  for  y < 0 and  B - 0 for  y > 0. 

Then  j B »//  - B^  L - B^L  -0.  B,  j - 0 . so  BJl  - 0.  But  we  have  assumed  that  B ^ * 0.  This  is  a contradiction 

•AX' 

and  violates  Ampere's  Law. 

EVALUATE:  It  is  often  convenient  to  approximate  B is  confined  to  a particular  region  of  space,  but  this  result 
tells  us  that  the  boundary  of  such  a region  isn't  sharp. 

dr--*- »-0 

i 


r- 


i>n 


Figure  200 

iDEVIltT : Use  what  we  know  about  the  magnetic  field  of  a long*  straight  conductor  to  deduce  the  symmetry  of 
the  magnetic  field  Thm  apply  Ampere’s  law  to  calculate  the  magnetic  field  at  a distance  a above  and  below  the 
current  sheet. 
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28.82. 


28.83. 


SET  UP:  Do  part*  (a|  and  <b)  together 


Consider  the  individual  currents  in  puirs. 
where  the  currents  in  e»:h  puir  are  equidistant 
ot  extlicr  side  of  the  point  where  B is  being 
calculated.  Figure  28.81a  shows  that  for  each 
puir  the  r compceients  cancel,  and  that  above 
the  sheet  the  field  is  in  the  ^direction  and 
hat  below  the  sheet  it  is  in  the  * t- direction 


Figure  28.81a 

Also,  by  symmetry  the  magnitude  of  B a distance  u above  the  sheet  must  equal  th:  migmtudc  of  B a distance  a 
below  the  sheet.  Now  that  we  base  deduced  the  symmetry  of  B.  apply  Ampere's  law.  Use  a path  that  is  a rcctangk. 
is  shown  in  Figure  2S.81b. 


n 


\B 


Figure  28.81l> 

/ is  directed  out  of  the  page,  so  for  / to  be  positive  the  integral  around  the  path  is  taken  m the  counterclockwise 
direction. 

Execute:  Since  B is  parallel  to  the  sheet,  on  the  sides  of  the  rectangle  that  have  length  2*7.  \b  dt  - 0 On  the 
long  sides  of  length  I.  B is  parallel  to  the  side.  in  the  direction  we  arc  integrating  around  the  pith,  and  has  the 
same  magnitude.  B.  on  each  side.  Thus  j-B-dl  • 2BL.  n conductors  per  unit  length  and  current  / out  of  the  page  in 
each  conductor  gives  - JnL.  Ampere's  law  then  gives  1BL  - and  B - 

Evaluate:  Note  thit  B is  mdepmdent  of  the  distance  a from  the  sheet.  C ompare  this  result  to  the  electric  field 
due  to  an  infinite  sheet  of  charge  (Example  22.7). 

Identify:  Find  the  vector  sum  of  the  fields  due  to  each  sheet. 

SET  Up:  Problem  28.8 1 shows  that  for  an  infinite  sh>rt  B - 4 //,/n  If  / is  out  of  the  pugc.  B is  to  the  left  above 

the  sheet  and  to  the  right  below  the  sheet.  If  / is  into  the  page.  B is  to  the  right  above  the  sheet  and  to  the  left 
below  the  sheet.  B is  independent  of  th:  distance  from  the  sheet.  The  directions  of  the  two  fields  at  poants  /\  R and 
S are  shown  in  Figure  2S.82. 

Execute:  (a)  Above  the  two  sheets,  the  fields  cancel  (since  there  is  na  dependence  upon  the  distance  from  th: 
sheets). 

(b)  In  between  the  sheets  the  two  folds  add  up  to  yield  B - /.  to  the  nght. 

(O  Beknv  the  two  sheets,  their  fields  again  cancel  (since  there  is  no  impendence  upon  the  distance  from  the  sheets). 
E VALLATE:  The  two  sfoets  with  currents  in  opposite  directions  produce  a uniform  field  bclwom  the  sheets  and 
zero  field  outside  the  two  sheets.  This  is  analogous  to  the  electric  field  produced  by  large  parallel  sheets  of  charge 
of  opposite  sign. 


[q*o*o*omo*o*oj 


& 


Figure  28-82 

IDENTIFY  and  SET  Ur:  Use  Eq.l2S.2S)  to  calculate  the  total  magnetic  moment  of  a volume  Fof  the  iron.  Use  the 
density  and  atomic  miss  of  iron  to  find  the  number  of  atoms  sn  this  volume  and  use  that  to  find  the  inagrclic  dipole 
monxnt  per  atom. 


Sources  of  Magnetic  Field  28*2? 


28.84. 


28.85. 


EXECUTE:  .1/  - t'  V so  pk^  - MV  The  average  magnetic  moment  per  atom  is  p,k-  - pkta  »’ .V  - MV / V. 

where  .V  is  the  number  of  atoms  in  volume  F.  The  mass  of  volume  Vis  m - p\\  where  p is  the  density. 
(/>B-  - 7.Sx  |0*  kg/m  ).  The  number  of  moles  of  irem  in  volume  V is 

n - . where  55.847x10  ' ke  mol  is  the  atomic  mass 

55.847x10  kg.nxil  55.847x10  kg’mol 

of  iron  from  appendix  I).  .V  - n.\\,  where  iVA  - 6.022  x 1 0*  atoms ‘mol  is  Avogadro's  number.  Thus 


v_ffv  _ 


55.847x10  * kuhiol 


MV  55.847x10  * kg  mol  | .1/(55.847x10  1 kifmol) 
p.wm 

.V  ’ pV\\  | p\\ 

(6.50  x 104  A 10X55.847x10  ' kginol) 
fUm  ~ (7.8x10'  kgm'X6.022x|0  ' aioms/moll 
P«=7.73xl<r“  A m2  = 7.73xlO  a IT 
p,  -9.274x10'*  A m\  so  p^.  ^ O.OS34P*. 

EVALUATE:  The  magnetic  moment  per  atom  is  much  less  than  one  Bohr  magneton.  The  magnetic  moments  of 
each  electron  in  the  iron  must  be  in  different  directions  and  mostly  caned  each  other. 

iDEMlfrY:  The  force  on  the  cube  of  iron  must  equal  the  weight  of  the  iron  cube.  The  weight  is  proportional  to  the 
density  and  the  magnetic  force  is  proportional  to  p.  which  is  in  turn  proportional  to  Km. 

SET  UP:  The  densities  if  iron,  aluminum  and  silver  are  ptt  - 7.8x  10'  kg  m\  pM  - 2.7  x |0‘  kg  m and 

Pm  “ *0-5x10'  kg  m'.  The  relative  jxrmc abilities  of  iron,  aluminum  and  silver  are  Kh  - 1400.  * 1.00022  and 

^ 1.00-2.6x10  5. 

Execute:  (a)  The  microscopic  magnet*:  moments  of  an  initially  unmagnctircd  ferromagnetic  material 
experience  torques  frxvm  a mignet  that  aligns  the  magnetic  domains  with  the  external  field,  so  they  are  attracted  to 
the  magnet  For  a paramagnetic  material,  the  same  attraction  occurs  because  the  magnetic  moments  align 
themselves  pirallcl  to  the  external  field.  For  a diamagnetic  material,  the  mignctic  moments  align  anti  parallel  to  the 
external  fWld  so  it  is  like  two  magrets  repelling  each  other. 

(h>  The  magnet  can  just  pick  up  the  irxxi  cube  so  the  fcccc  it  exerts  is 

a m^g  = -(7.8x10*  kg  m‘M0.020  m)‘(9.S  ms')  = 0.612  N.  If  the  magnet  tries  to  lift  the  aluminum 

cube  of  the  same  dimensions  as  the  iron  block,  then  the  upward  fcccc  felt  by  th:  cube  is 

FM  - -^0.612  N)-  |l>612  Nt-  4.37*  10  * N.  The  wcighl  of  the  aluminum  cube  n 

14CXI 

- Pair's  = (17  x 10'  kg/mlX0.020  ml‘(9.S  m/s1 ) - 0.2 12  N.  Therefore,  the  ratio  of  the  magnetic  force 
on  the  aluminum  cube  to  th:  weight  of  the  cube  is  1 ) N 


2. 1 x 10  ' and  the  mamet  cannot  lift  it. 


0.212  N 

(cl  If  tbc  mignet  tnes  to  lift  a silver  cube  of  tlie  same  dimensions  as  the  iron  bltxk.  then  the  downward  force  felt 

(1.00-26x10*) 


by  the  cube  is  /A,  - ——(0.612  N 1 

Ai. 


1 1": 


10.612  N)  - 4.37  x 10  N.  But  the  w ciuht  of  the  silver  cube 


s H'%t  - pK/*g  -(10.5x10'  kg'm'H0.020  m l '(9.8  m/s1)  = 0.823  N.  So  the  ratio  of  tbc  magnetic  force  on 

4.37*  IQ  4 N 


the  silver  cube  to  the  weight  of  the  cube  is 


- 5.3  x 10  and  the  magnet’s  effect  would  not  be 


O.S23  N 

noticeable. 

EVALUATE:  Silver  is  diamagnetic  and  is  reprlled  by  the  magnet.  Aluminum  is  paramagnetic  and  is  attracted  by 
the  magnet  But  foe  both  these  materials  the  force  is  much  less  that  the  force  cm  a similar  cube  of  femvimgnetic 
iron. 

IDEYT1FY:  The  cunent- carrying  wires  repel  each  other  magnetically,  causing  them  to  accelerate  horizontally. 
Since  gravity  is  vertical,  it  plays  no  initial  role. 

, /* 


SET  Up:  The  magnetic  force  per  unit  length  is 

L It  J 

The  rms  current  over  a short  discharge  time  is  /..  fjl . 


and  the  acceleration  obeys  the  cquition  r:L  "UtL  a. 


28-28  Chapter  28 


28.86. 


28.87. 


28.88. 


EXECUTE:  (a)  Fi rat  get  the  force  per  unit  kngth 

/-  2.e  d 2t d ! jT  J 4.7 J I /e  J 4.7 J I /TC ' 


r */2  *(t iV  A/n1  ^ f a ' 


Now  apply  Newlon’s  second  law  using  the  result  above  L.  - OLa  - - V* 1 ^ j | . Solving  for  a gives 

a — From  the  kincimtics  equation  v . - i*.  •*  at.  we  have  v,  - at  - <j£C  — — 

4,7 aR-C-J  Ax/.RCd 

. ; , 

|b)  Conservation  of  energy  gives  - uig/i  and  h - * ' >>(  " -L  # *' 

EVALUATE:  (>nee  the  wires  hive  swung  apm.  we  would  have  to  coasuto  gravity  in  applying  Newton’s  second  law . 
IDENTITY:  Appixocnmlc  the  moving  bell  as  an  infinite  current  sheet. 

SET  L’P:  Probkm  28.8 1 shows  tliat  B -l  ^tjn  foe  an  infinite  current  sixvt.  Let  L be  the  width  of  the  sheet,  so  n - JL. 

AO  Ax 

EXEC  1 TE:  The  amount  of  charge  on  a length  Ar  of  the  belt  k AQ  - LAwr,  so  / — - L — r - Lwr. 

At  At 

a J u \yy 

Approximating  th:  hell  as  an  infinite  sheet  B - — : — B is  directed  out  of  the  page,  as  shown  in  figure  28.86. 

EVALUATE:  The  field  is  uniform  above  the  sheet,  for  points  close  encnnrh  to  the  sheet  for  it  to  he  consi&red  infinite. 


Figure  28.86 

IDENTITY:  The  rotating  disk  poxluces  concentric  rings  of  current.  Calculate  the  held  due  to  each  ring  and 
integrate  ov  er  the  surface  of  the  disk  to  find  the  total  field 

«/ 

SET  UP:  At  the  center  of  a circular  ring  carrying  current  /.  B . 

2 0)dr 

Execute:  The  chirgc  on  a rmg  of  radius  r is  a - a A - <r2xrdr  - — — — . It  the  disk  rotates  at  n turns  per 


second,  .hen  .he  cunen,  fn,m .ha.  „„g  » ndq  - '^Z±.  Thenrfnrc.  JB-ZL- ±^Z±  - ZZ&L 

dt  <T  2 r 2 r a*  a* 

r • r , unQdr  u.nO 

We  integrate  out  from  the  center  to  the  edec  of  the  disk  and  find  B - dB  - - - — . 

Jo  a‘  a 

EVALUATE:  The  magnetic  field  is  proportional  to  tlie  total  charge  on  the  disk  ami  to  its  rotation  rale. 
IDENTITY:  There  arc  two  parts  to  the  inag.ivlic  field:  that  from  the  half  loop  and  that  from  the  straight  wire 
segment  running  from  -oto  a. 

SET  L’P:  Applv  Eq.(28.l4).  Let  the  0 h:  the  angle  that  locates  di  arenind  the  ring. 


Execute:  = is 


4(»‘  nj‘)‘  ’ 


.i,/o 


B {)Xfd  I ~ . using  liq.  (2K.S)  The  total  liekl  con^oocnts  arc: 

t!7‘)  * 


m7T7\ 


B - 


indfi  - 


2aw(x*  I aj  + a:  ] 2xxix'  + crY  : ' 


ala 


2 j 


. mV 


. M.v 


EVALUATE:  B --- B B decreases  taster  than  B as  x increases,  I or  very  small  x.  B - - J and  B - L 

.7  X 4 * * 4*1  2.Ti7 

In  this  limit  B is  th:  field  at  th:  center  of  curvature  of  a semicircle  and  B is  tlie  field  of  a long  straight  wire. 
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29.1.  Idem  it v : Altering  ibc  orientation  of  a coil  relative  to  a magnetic  field  change*  the  magnetic  flux  through  the 

coil.  This  chance  then  induce*  an  cmf  in  the  coil. 

SKI  Up:  The  flux  through  a eoil  of  V*  turn*  is  - NBA  cos  and  by  Faraday'*  law  the  magnitude  of  the  indured 
cmf  is  £ " d&Jdt. 

EXECUTE:  (a)  AO  - NBA  - <50K  1 -20  T|<0.250  m)(0.300  m)  - 4.50  Wb 
<b>  £ - dWdt  - (4.50  W b>(0.222  s)  - 20.3  V 

Ev  aluate:  ThH  induced  potential  is  certainly  large  enough  to  be  easily  delectable. 


29.2.  iDCNim : £ - - . - BA  costf . <t> . is  the  flux  through  each  turn  of  the  coil. 

Af 

SKI  UP:  4 ^0*.  4 ^90°. 

Execute:  (a)  <1>A  - JMcosO5 -<6.0x10  ' Tl02xl0  4 mJX0^7.2xlO^  Wb.  The  total  flux  through  the  coil  is 
WO  ■ (2001(7.2x10  ’ \Vb)=  1.44x10’’  Wb.  '!>  = ftlcosW1  = 0. 


«*K  = 


IN*.  - V<I»  I 1.44x10’’  Wh 


1.6x10  ' V = 0.16  mV. 


Evaluate:  The  average  induced  cmf  drpends  on  how  rapidly  the  flux  changes. 

29.3.  Idem  ttv  and  SET  Up:  Use  Faraday's  law  to  calculate  th:  average  induced  cmf  and  apply  Ohm's  law  to  th:  coil 
to  calculate  the  average  induced  current  and  charge  that  flows. 

■»-  1 - ..T ..  . (L.  --.I  ..  U*  I 


(a)  EXEC  LIT:  Th:  magnitude  of  the  average  emf  induced  in  the  coil  is  |-  Af  Initially. 

- B.ico - BA.  The  final  flux  is  zero,  so  ^ | - ^ ‘ . The  average  induced  current  is 

/ - The  total  charge  that  flows  through  the  coil  is  Q - I Ns  - 1 -^-1  J .V  - 


K RM 


Evaluate:  The  charge  that  flows  is  proportional  to  the  magnetic  field  but  does  not  depend  on  the  time  Af. 

<b)  The  magnetic  stripe  consists  of  a pattern  of  magnetic  fields  The  pattern  of  eliorgcs  that  flow  m the  reader  coil 
tell  the  card  reader  the  rmgnctic  field  pattern  and  hence  the  digital  information  coded  onto  the  coni. 

(c)  According  to  the  result  in  part  (a)  the  charge  that  flows  &pcnds  only  on  the  change  in  th:  rmgnctic  flux  and  it 
docs  not  depend  on  the  rate  at  wh*:h  this  flux  changes. 

29.4.  IDENTIFY  and  SET  UP:  Apply  the  result  derived  in  Exercise  29.3:  Q - NBA! R.  In  the  present  exercise  the  flux 
changes  from  its  maximum  value  of  <1>V  *-  BA  to  zero,  so  this  cquaticei  applies.  R is  the  total  resistance  so  here 
R ^ 60.0  ft  * 45.0  ft  - 105.0  ft 

Execute:  o - 2H  b-Q*  < n I05.0  o>  _ 0W73  T 

R NA  1 20(3.20  x 10  m1) 

Ev  aluate:  A field  of  this  magnitude  is  easily  produced. 

29.5.  IDENTIFY:  Apply  Fanidiy's  law. 

SET  Up:  Let  be  the  positive  direction  for  A.  Therefore,  the  initial  flux  is  positive  and  the  final  flux  is  zero. 


Execute:  (a) and  <b)  £ - - 


\4\  0-d.5TW0.l20  mi 


Af  2.0x10  s 

the  induced  current  is  counterclockwise. 

Evaluate:  The  sherter  the  removal  time,  the  laricr  the  average  induced  emf. 


►34  V.  Since  £ is  positive  and  A is  toward  us. 
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29.6. 


29.7. 


29.8. 


29.9. 


Identify:  Apply  Eq.<29.4).  / - £R 
Set  Up:  d<t>Jdt  = 


Execute:  (>)  £ - - — - ,v.i— ifl)  - .v.-i— (tool?  T iu -^(3.00. 10  1 

ch  dt  dt 

£- NA{  10012  T»)«  11.2*10'  T*>')=0.0302  V +(3.02*  I IT*  V/*V- 

|b»Al  f-5.00  x.  £ =0.0302  V?  (3.02 -10'  V/*‘KSOO  *>‘  =0.0680  V.  / ^ — - ' " - =1.13x10  ‘ A. 

R 600  f2 

Ev  AM  ATE:  The  rale  of  change  of  the  flux  is  increasing  in  time,  so  the  induced  current  is  not  constant  but  rather 
increases  xn  time. 

IDENTITY:  Calculate  tlx  flux  through  the  loop  and  apply  Faraday's  law. 

SET  UP:  To  find  the  total  flux  integrate  */<!>*.  over  the  width  of  the  loop.  The  imgnctic  field  of  a long  straight 

wire,  at  distance  r from  the  wire,  is  R - . The  direction  of  R is  given  by  the  right-hand  rule. 

2xr 

EXECUTE:  (a)  Whm  R into  the  page. 

2tt 

(l»l  i J<t>A  - RdA  - —Ldr. 

2*7* 

(el  g*  ftl0  240  ml  ln<0.36(K<U2QK9.60  Afr)  = 5.06x10  * V. 

2 x 

EVALUATE:  The  induced  emf  is  proportional  to  tlx  rate  at  which  the  current  in  tlx  long  straight  wire  is  changing 
Identity:  Apply  Faraday's  law. 

SET  UP:  Let  A be  upward  in  f igure  29.28  in  the  textbook. 


Execute:  <*)  |r„| 

IfJ-  -l.'inW 


dR 

- .lsin6fF 

dt 

[BA> 


u -loasn  'i- 


:.er*%Kiin605M1.4  TK0.057  s > 


««<0V'u 


10  .12  V|e 


• F 


|f.,|-;r(0.75  m IT  sin  60^X1 -4  TW0.057  s > 

(b)  Vk  ^(0.12  V)  = (0.12  V)  e',ctal  4 b(l/IO)  — (0057  s*‘ )r  and  ,=  40.4  x. 

(c)  R is  in  the  direction  of  A so  <1>V  is  positive.  B is  getting  weaker,  so  the  magnitud:  of  the  flux  is  decreasing 
and  d<X>Adt  <0.  Faraday’s  law  therefore  sa>*  £ >0.  Since  £ >0.  the  induced  current  must  flow 
caurticrclotiMisc  as  viewed  from  abov  e. 

Evaluate:  The  flux  changes  because  the  imgnitixlc  of  the  magnetic  held  is  changing. 

IDENTITY  and  SET  Up:  Use  Faraday's  law  to  calculate  the  emf  ( nugmtude  and  direction).  Hx  direction  of  the 
induced  current  is  the  &imc  as  the  direction  of  the  emf.  The  flux  changes  because  the  area  of  the  kiop  is  changing: 
relate  JA  dt  to  dc'dt . where  c is  the  circumference  of  the  loop. 

(a)  EXEC  ITT:  c - 2xr  and  A - ar*  so  A - cVd* 

- BA  - (B  4r|cJ 

Kl- 


J±)c 

dt 

UtJ 

dt 

-9.0: 

l.c  = I.65C 

> m 

\£\  - <0.500  TK  1.'2tX0.570  m|<0. 120  m s)  - 5.44  mV 

(b)  SET  UP:  The  loop  and  maimdic  field  are  sketched  in  Figure  29.9. 


Take  into  the  page  to  be  the 
positive  direction  for  A.  Then 
tlx  imgnctic  flux  is  positive. 


f igure  29.9 


Electromagnetic  induction  29-3 


EXECUTE:  The  positive  flux  is  decreasing  in  magnitude,  d*l>gfdi  is  negative  and  £ is  positive.  By  th:  right- 
hand  rule.  for  A into  the  (\igc.  positive  £ is  clockwise. 

EVALUATE:  Even  though  the  circumference  is  changing  at  a canuant  rate.  dAi'dt  is  nut  constant  aixl  |£|  rs  not 
constant.  Flux  •&  is  decreasing  jo  th:  flux  of  the  induced  current  is  0 and  this  neam  thit  / is  clockwise.  which  checks. 

29.10.  IDENUTY : A change  in  magnets:  flux  through  a coil  induces  an  cmf  in  the  coil. 

SKI  UP:  The  flux  though  a coil  is  <t>  — NBA  cos  ^ and  the  induced  emf  is  £ - d<t>/dt. 

Execute:  (a)  and  (c)  The  magnetic  flux  is  constant,  so  the  injured  emf  is  zero. 

<b)  The  area  inside  the  field  rs  changing.  If  we  let  v hr  the  length  (along  the  30.0  cm  side!  in  the  field,  then 
A - <0.400  m\x.  <l>.i  - BA  - <0.400  m\x 

£ - dtofdt  - Bd[(0.A00  m)xj  di  - *(0.400  m )dx>  Jt  - *(0.400  m)v 
£ - (1.25  T H 0.400  mMO.0200  nvs)  - 0.0100  V 

EVALUATE:  It  is  not  a large  flux  that  induces  an  cmf.  but  rather  a large  rate  of  change  of  the  flux.  The  induced 
emf  in  pari  <b)  is  small  enough  to  be  ignored  in  many  instances. 

29.1 1.  IDENUTY : A change  in  magnet*:  flux  through  a coil  induces  an  emf  in  the  coil. 

SET  UP:  The  flux  through  a coil  is  <1>  - NBA  cos  ^ and  the  induced  emf  is  £ - d&/dt. 

Execute:  (a)  £- dWdt  - d[A(Bo  ♦ kx)\fdt  - hA  dxdt  - Mv 

<h)  clockwise 

(c)  Same  answers  except  the  current  is  countcrc  kick  wise. 

Evaluate:  Even  though  the  coil  remains  w ithin  the  magnetic  field,  the  flux  through  it  increases  because  the 
strength  of  the  field  is  increasing. 

29.12.  IDEMTFY:  Use  the  results  of  Example  29.5. 

SET  Up:  £.  - NBAtn.  £t  - — £*  m - ( 440  rex  mint  I - 46. 1 rad  s. 

z V 60  * nun  ) 

Execute:  (»)£t^  - A'fi.ku-<l50)<0.060TW0.025mf(46.l  rails) - 0.814  V 

(b) £„-—£„  -—(0.815  V) *0.519  V 

Evaluate:  In  £tmAK  = NBAm.  «must  be  in  rail  s. 

29.13.  IDENTIFY : Apply  the  results  of  Example  29.5. 

SET  UP:  £tmAK  - NBA to 

Execute: 

Evaluate:  We  max’  also  express  <y  as  99.3  rev  mm  or  1.66  rev's . 

29.14.  IDENUTY : A change  in  magnet*:  flux  through  a coil  induces  an  emf  in  the  coil. 

SET  UP:  The  flux  through  a coil  is  <t>  - NBA  cos  p and  the  induced  emf  is  £ - d&dt. 

Execute:  The  flux  is  constant  in  each  ease,  so  the  induced  emf  is  zero  in  all  eases. 

EVALUATE:  Even  though  the  coil  is  moving  within  the  magnet*:  field  and  has  flux  through  it.  this  flux  is  not 
changing*  so  no  cmf  is  induced  in  the  coil. 

29.15.  IDENTIFY  and  SET  Up:  The  field  of  the  induced  current  is  directed  to  oppose  the  change  in  flux. 

EXECUTE:  (a)  The  field  rs  into  the  page  and  rs  mereasmg  so  the  flux  is  increasing.  The  ficki  of  the  induced 
current  is  exit  of  the  page.  To  produce  field  out  of  the  page  the  induced  current  is  countcrckickwisc. 

<b)  The  field  is  into  the  page  and  is  decreasing  so  the  flux  is  decreasing.  The  field  of  the  induced  current  rs  into  the 
page.  To  produce  field  into  the  page  the  induced  current  rs  ckxrkwisc. 

(c)  The  field  is  constant  so  the  tlux  is  constant  and  there  is  no  induced  emf  ami  no  induced  cuncnt. 

EVALUATE:  The  direction  of  the  induced  current  depends  rei  the  direction  of  the  external  magnetic  field  and 
whether  the  flux  di*:  to  this  field  is  increasing  or  decreasing. 

29.16.  IDENUTY : By  Lenz's  law.  the  induced  current  flows  to  oppose  the  flux  change  that  caused  iL 

SET  Up  ami  EXECUTE:  The  magnetic  field  is  outward  through  the  round  cod  and  is  decreasing,  so  the  magnetic 
field  due  to  the  induced  current  must  also  point  outward  to  oppose  this  dxrcasc.  Therefore  the  induced  current  is 
counterclockwise. 

Evaluate:  ( arc full  Lenz's  law  docs  not  say  that  th:  induced  current  flows  to  oppose  the  magnetic  flux.  Instead 
it  sa>*  that  the  current  flows  to  oppose  the  change  in  flux. 

29. 1 7.  IDENTITY  and  SET  Up:  Apply  Lenz's  law.  in  the  form  that  states  that  the  tlux  of  th:  induced  current  tends  to 
oppose  the  change  in  flux. 

Execute:  (a)  With  th:  switch  closed  the  magnetic  field  of  coil  A is  to  the  right  at  the  location  of  coil  B.  When 
the  switch  is  opened  th:  magnetic  field  of  coil  A goes  away,  lienee  by  Lenz's  law  the  field  of  the  current  induced 
in  coil  B is  to  the  right,  to  oppose  the  decrease  in  th:  tlux  in  this  direction.  To  produce  mignctic  field  that  is  to  the 
right  the  current  in  the  circuit  with  coil  B must  flow  through  the  resistor  in  the  direction  a to  h. 


£^  2.40x10  V 

NBA  ~ <120*0.0750  TK0.0I6  m 
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<l>)  With  the  switch  dated  the  magnetic  fWld  of  coil  A is  t»>  the  right  at  the  location  of  coil  IV  Hiix  field  it  stronger 
at  points  closer  to  coil  A so  when  coil  I)  is  brought  closer  the  flux  through  coil  B increases.  By  Lena’s  law  the  field 
of  the  induced  current  in  coil  B is  to  the  left,  to  oppose  the  increase  in  flux  to  the  right.  To  prodisre  imgnctic  field 
that  is  to  the  left  the  current  in  the  circuit  with  coil  B must  flow  through  tie  resistor  in  the  direction  b to  a. 

(cl  With  the  switch  closed  the  imgnctic  field  of  coil  A is  to  the  right  at  the  location  of  coil  IV  The  cunent  in  the 
circuit  that  ircludcs  coil  A increases  w hen  R is  dxreascd  aixl  the  magnet*:  field  of  coil  A increases  when  the 
current  through  the  coil  increases.  By  Lcn/'s  law  the  field  of  the  induced  current  in  coil  B is  to  the  left,  to  oppose 
the  increase  in  flux  to  the  right.  To  produce  magnet*:  field  that  is  to  the  left  the  current  in  the  circuit  with  cool  B 
must  flow  through  the  resistor  in  the  direction  b to  a. 

EVALUATE:  In  ports  (b)  and  (c)  the  change  in  the  circuit  causes  the  flux  through  circuit  B to  increase  and  in  part 
(a)  it  causes  the  flux  to  decrease.  Therefore,  th:  direction  of  the  tndixed  cunent  is  the  same  in  parts  <b)  and  (c)  and 
opposite  in  port  (a). 

29.18.  IDEMIFY:  Apply  Lcnz's  law. 

SET  UP:  The  field  of  the  induced  current  is  directed  to  oppose  the  change  in  flux  in  the  primary  circuit. 

EXECUTE:  (a)  The  imgnctic  field  in  .1  is  to  th:  left  and  is  increasing.  The  flux  is  increasing  so  the  field  due  to  the 
induced  current  in  B is  to  the  right.  To  produce  magnetic  held  to  the  right,  the  tndixcd  current  flows  through  R 
from  right  to  left. 

< l*>  The  magnetic  field  in  A is  lo  the  right  and  is  decreasing.  The  flux  is  dxrcasing  so  the  field  di*:  to  the  induced 
cunent  in  B is  to  th:  right.  To  produce  magnetic  f*:ld  to  the  right  the  induced  cunent  flows  through  R from  right  lo 
left. 

(c)  The  magnetic  field  in  A is  lo  the  right  and  is  increasing.  The  flux  is  itvrcasing  so  the  ticld  due  to  the  indixed 
current  in  B is  to  the  left.  To  produce  magnetic  field  to  the  left  th:  induced  current  flows  through  R from  left  to  right. 
EVALUATE:  The  direction  of  the  induced  current  depends  an  the  direction  of  the  external  magnetic  ticld  and 
whether  the  flux  du:  to  this  field  is  increasing  or  decreasing. 

29.19.  iDEMlfrX  and  SET  UP:  Len/s  bw  requires  that  the  flux  of  the  induced  current  opposes  the  change  in  flux. 
EXECUTE:  (a)  <1>A  is  o and  increasing  so  the  flux  of  the  induced  current  is  © and  the  induced  cunent  is 
clockwise. 

(h>  The  cunent  reaches  a constant  value  so  is  cixistant.  Idt  - 0 and  thne  is  no  induced  cunent. 

(O  is  O aixl  decreasing,  so  <t>-4  is  0 and  cunent  is  counterclockwise. 

EVALUATE:  Only  a change  in  flux  produces  an  indixed  current.  The  induced  cunent  is  in  erne  diiectKin  when  the 
cunent  in  the  outer  ring  is  increasing  and  is  in  th:  opposite  direction  when  thit  current  is  decreasing. 

29.20.  iDEVim  : l.*se  the  tesults  of  Example  29.6.  Use  the  three  approaches  specified  in  the  problem  for  determining 
the  direction  of  th:  induced  cunent.  / - £SR. 

SET  UP:  Let  A be  directed  into  the  tigurc.  so  a clockwise  cmf  is  positive. 

EXECUTE:  (a)  £ -i4/-<5.0m'sX0.750TXL50m)  = 5.6  V 

(b!  (i)  Let  q be  a positive  charge  in  the  moving  bar.  as  shown  in  Figure  29.2CU.  The  magixtic  force  on  this  charge  is 
F " qi  x B.  which  points  ujnsxtrd.  This  force  pushes  the  cunent  m a counterclockwise  direction  threnigh  the  circuit. 
<ii)  d**  is  positive  and  is  increasing  in  magnitude,  so  Idt  >0.  Then  by  Faraday's  law  £ < 0 and  the  cmf  and 
induced  current  arc  counterclockwise. 

(ini  The  flux  through  the  circuit  is  increasing.,  so  the  mdixcd  cunent  must  cause  a magnetic  field  out  of  the  paper 
to  appose  this  increase.  Hence  this  cunent  must  flow  m a coimterdockwitc  sense,  as  shown  in  Figure  29.20b. 

£ 5.6  V 

(cl  £ -RL  / ^ 0.22  A. 

R 25  H 

EVALUATE:  All  three  rmlhods  agree  on  the  direction  of  the  induced  cunent. 


« o>> 

Figure  29.20 

29.2 1.  IDEWTPV : A conductor  moving  in  a magnetic  field  may  have  a potential  difference  induced  anoss  it.  depending 
on  how  it  is  moving. 

SET  Up:  The  indixed  cmf  is  £ - vBL  sin  A where  A i*  the  angle  between  the  velocity  and  the  magnetic  field. 
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29.22. 


29.23. 


29.24. 


29.25. 


29.26. 


EXECUTE:  (a)  £ - vBL  sin  <5.00  msU0.450  TX0.300  mH»n  90c)  - 0.675  V 
(l>)  The  positive  charges  arc  moved  to  end  b,  so  b ix  al  the  higher  potential. 

[c)  /:  - V/L  - <0.675  VVt0.300  m|  - 2.25  V m.  The  direction  of  E ix  from,  h to  a. 

(d|  The  positive  charge  are  pushed  to  6.  so  h has  an  excess  of  positive  charge. 

(e)<i)  If  the  rxxl  his  no  appreciable  thickness.  L — 0.  so  the  cmf  ix  zero.  < ii } The  coif  is  zero  because  no  magnetic 
force  acts  on  the  charges  in  the  rod  since  it  moves  parallel  to  the  magnetic  field. 

EVALUATE:  The  motional  emf  is  large  enough  to  hive  noticeable  effects  in  some  cases. 

IDENTIFY : The  min  ing  bar  has  a motional  emf  induced  across  its  ends,  so  it  causes  a current  to  flow. 

SET  Up:  The  induced  potential  is  £ - vBL  and  Ohm's  law  is  £ - JR 
Execute:  (a)  £ -vBL  -<5.0nVsX0.750TXI.50m)-5.6  V 
(b>  / - £ /R  - <5.6  V)< 25  Hi  - 0.23  A 

EVALUATE:  Both  th:  induced  potentul  and  the  current  are  large  enough  to  have  noticeable  effects. 

Identify:  £ = vBL 

SET  Up:  Z.  = 5.00  x 10  % m.  1 mph  - 0.4470  m.s. 

_ £ 1.50  V 

Execute:  v 

BL  (0.650  T)(5.00x  10  ' ml 

EVALUATE:  Thrs  is  a large  speed  and  not  practical.  It  is  also  difficult  to  produce  a 5.00  cm  wide  region  of 0.650  T 
magnetic  field 
Identify  : £ - vBL 

SET  Up:  1 mph  - 0.4470  in  x.  1 C.  ^ 10~*  T. 


-46.2  m s - 103  mph 


Execute: 
noticeable, 
lb)/*  - 1565  mph 


[a^UKOmph,, 

\ • "T*  1 


° (0.50 *10  * TK1.5  m)  = 6.0  mV. 


This  is  much  too  small  to  he 


‘•4470  in  s 


(0.50x10  * TX64.4  m>- 0.813  mV.  This  is  too  small  to  be  noticcabfc 


1 mph 

EVALUATE:  Even  though  the  speeds  and  values  of L arc  large,  the  earth's  field  is  small  and  motional  ctnfs  due  t< 
tlie  earth’s  field  an:  not  important  in  these  situations. 

Identify  and  SET  Up:  £ - v BL  Use  Lcn/x  law  to  determine  the  direction  of  the  induced  current.  The  force 
required  to  maintain  constant  speed  is  equal  and  opposite  to  the  force  Ft  that  th:  mignetic  field  exerts  on  the  nxl 
because  of  the  current  in  th:  rod. 

Execute:  <a)  £ - vBL  ^ (7.50  m xliO.KOO  TM0.500  m)  - 3.00  V 

(bl  B is  into  the  page.  The  flux  increases  as  the  bar  moves  to  th:  right,  so  the  inagnrtic  field  of  the  induced  cunenl 
is  out  of  the  page  inside  the  circuit.  To  produce  mignetic  fV:ld  in  this  direction  the  induced  current  must  be 
counterclockwise,  so  from  b to  a in  th:  rod. 

(«»/-  — - ■ - 2.00  A.  F,  - ILBnno  - <2.00  AX0.S00  mMO.SOO  T)*in90®  - O.SOO  N.  F a lo  the  Icli.  To 

keep  the  bar  moving  to  the  right  at  constant  speed  an  exterml  fccce  with  magnitude/’^  - 0.80)  N and  directed  to 
the  right  must  be  applied  to  the  bar. 

(ell  The  rate  at  which  work  is  done  by  the  force  FM is  F„y  - <0.800  NK7.50  nVs)  - 6.00  \V.  The  rate  at  which 
tlietmal  energy  is  developed  in  th:  circuit  is  J*R  - (2.00  AKl.50  O)  - 6.00  W.  These  two  rates  are  equal,  as  is 
required  by  conservatxm  of  eixrgy. 

EVALUATE:  The  force  on  th:  rod  du:  to  the  induced  current  is  directed  to  oppose  the  motxm  of  the  nxl.  This 
agrees  with  Lenz’s  law. 

IDENTIFY : Use  Faraday's  law  to  calculate  the  induced  cmf.  Ohm's  law  applied  to  the  loop  give*  /.  Use 
Eq.<27. 191  to  calculate  the  force  exerted  on  each  side  of  the  loop. 

SET  UP:  The  loop  before  it  starts  to  enter  the  magnetic  field  region  is  sketched  in  Figure  29.26a. 

2L 

Execute:  For  x < -3Z. ’2  or  X > 3 L'2 
the  loop  is  coinpkrtelv  outside  the  field 


region 


Figure  29.26a 


Thus  £ - 0 and  / - 0.  so  there  is  no  force  from  the  magnetic  field  and  the  external  fcece  /'necessary  to  maintain 
constant  velocity  is  zero. 
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SET  LtP:  *n>c  loop  when  it  it  completely  invade  the  field  rcuion  is  sketched  in  Figure  29.26b. 


E\IC LTE:  For  -L'2  <x<  Lfl 
the  loop  k completely  intxlc  the 
fWl&i  region  and  <t> , - BL. 


Figure  29.26b 

But  ^ - 0 so  Z - 0 and  / - 0.  TTierc  is  no  force  F • //  *B  from  the  magnetic  field  and  the  external  force  F 

dt 

necessary  to  maintain  constant  velocity  is  zero. 

SET  UP:  The  loop  as  it  enters  the  inagwtic  field  region  is  sketched  in  Figure  29.26c. 

Execute:  Foe  -MJ2  < X < -I<*2 
the  loop  is  entering  th:  field  region. 

Let  i'  be  the  length  of  the  kiop 
that  in  w ithin  the  field. 


Hum  |«t>  .1—  BLx'  and 


Figure  29.26c 

Bt\.  The  magnitude  of  the  induced  cmf  is  lfl 


BL\  and  the  indeed 


. arrent 


direction  of  /:  Let  A be  directed  into  the  plane  of  the  figure.  Then  <p  . is  positive.  The 


fiux  is  positive  and  increasing  in  magnitude,  so  — — is  positive.  Then  by  Faraday's  law  € is  negative,  and  with 

dt 

our  choocc  for  direction  of  A a rcgativc  Z is  countcrcloc kwi.se.  The  current  induced  in  th:  loop  is 
counterclockwise. 

SET  UP:  The  indured  current  and  magnetic  force  on  the  loop  arc  shown  in  Figure  29.26d.  for  the  situation  where 
the  loop  is  entering  the  field. 

Execute:  F(  - //  x B gives  that  the 
force  F}  exerted  on  the  loop  by  the 
magnetic  field  is  to  the  Wft  and  his 
magnitude  F = ILB  - 1 — \lB  - - L ' . 


B 


V X 
X X 


Figure  29.26d 

The  external  force  F needed  to  move  the  loop  at  constant  speed  is  equal  in  magnitude  and  opposite  in  direction  to 
Ft  so  is  to  the  right  and  his  this  *ime  magnitude. 

SET  UP:  The  loop  as  it  leaves  the  magnetic  field  region  is  sketched  in  Figure  29.26c. 

Execute:  For  U2 <x<  1U2 
the  loop  is  Icavini!  the  field 


r x 
X X 
X X 


5- 


region  Let  .r  be  the  length  of 
the  loop  that  is  outside  the  field 


figure  29.26c 


Then  BUL-S)  and 


- BLv. 

di 

- BLv.  The  magnitude  of  the  induced  cmf  is  |f|~ 


Ai 


- BLv  and  the  induced 


current  is  / - 111 Direction  of  /:  Again  let  A he  directed  into  the  plane  of  the  figure.  Then  <I>^  is  positive 

R R 

and  decreasing  in  magnitude,  so  -*  | • is  rcgative.  Then  by  Faraday's  law  Z is  positive,  and  w ith  our  choice  for 

dt 

direction  of  A a positive  Z is  clockw  isc.  The  cumrnt  indured  in  the  loop  is  ckickwisc. 
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29.27. 


29.28. 


Si: I L’P:  The  indured  current  and  magnetic  fueve  on  the  loop  an:  .shown  in  Figure  29.26f.  for  the  utuition  where 
the  loop  is  leaving  the  fiekl. 

Execute:  f . - /l  x B gives  that  the 
force  Ft  exerted  on  the  loop  by  the 
magnetic  fiekl  is  to  the  left  and  has 


Figure  29.26f 

The  c.xtcrral  force  /’  needed  to  move  the  kicp  at  constant  speed  is  cquil  in  magnitude  and  opposite  in  direction  to 
F{  so  is  to  the  nght  and  has  this  san>:  mignitude. 

(a)  The  graph  of  /•’versus  x is  given  in  Figure  29.26il 


(hi  The  graph  of  the  induced  current  / versus  x is  given  in  Figure  29.26h. 

/ 


'' 


Figure  29.26h 

Evaluate:  When  th:  loop  is  either  totally  outside  or  totally  invade  the  magnetic  field  region  the  flux  isn't 
changing,  there  is  no  induced  current,  and  no  external  force  rs  needed  for  the  loop  to  maintain  ccmvtant  speed. 

When  the  loop  is  entering  the  field  the  external  fcece  required  is  directed  so  as  to  pull  th:  lixip  in  and  when  the 
loop  is  leaving  the  field  the  external  force  required  is  directed  so  as  to  pull  the  loop  out  of  the  field.  These 
directions  agree  with  Leciz's  law:  the  force  on  the  induced  current  (opposite  in  direction  to  the  required  external 
force)  is  directed  so  as  to  oppose  th:  loop  entering  or  leaving  th:  field. 

IDENTIFY:  A bar  moving  in  a rmgnetic  field  has  an  emf  induced  across  its  ends. 
si:r  UP:  The  induced  potential  is  € - vBl  sm 

Execute:  Note  thit  fl-  90°  in  all  these  eases  because  the  bar  moved  perpendicular  to  the  magnet*:  field.  But  the 
effective  length  of  the  bar.  L sin  0,  is  different  in  each  case. 

(a)  £ - vBL  sin  0 - (2.50  m <s)(  1.20  T)(  1.41  ml  sin  (37.0*)  - 2.55  V.  with  a at  the  higher  potential  because  positive 
charges  arc  pushed  toward  that  end. 

(b)  Same  as  (a)  except  0 - 53.0*,  giving  3.38  V.  with  a at  the  higher  potential. 

(cl  Zero,  since  the  velocity  is  parallel  to  th:  magnetic  field. 

(<l  l The  bar  must  move  perpendicular  to  its  length,  fee  which  the  emf  is  4.23  V.  For  > V+  it  must  move  upward 
and  to  the  left  (toward  the  second  quadrjntl  perpendicular  to  its  length. 

EVALUATE:  The  orientation  of  the  bar  atTects  the  potential  induced  across  its  ends. 

IDENTIFY:  Use  fcq.(29.10)  to  calculate  the  induced  electric  field  £ at  a distance  r from  the  center  of  the  solenoid 
Away  from  the  ends  of  the  solcnood.  B - nl  inside  and  B - 0 outside. 

(a)  SE  E Ur:  The  end  view  of  the  solenoid  is  skeiehed  in  Figure  29.28. 


Let  R he  the  radius  of  the  solenoid. 


Figure  29.28 

c • • . 

Apply  • dt  - - — — to  an  integration  path  that  is  a circle  of  radius  r.  where  r < H.  W'c  need  to  calculate  just  the 


magnitude  off  so  we  can  take  absolute  values. 
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29.29. 


29.30. 


Exec  i te: 


= Bxr\ 


= £(2*rV 


-Tr3 

|VV 

dt 

dt 

implies  Eil xr>  - .7/ 


P-4 


i\‘ 


XI  X <®  ^ 


Thus  i:  - U>t.n 4(0.00500  m)4T  x |()  T nvAX900  m * 860.0  A&)  - 1.70x  10  4 V/m 

dt 

(b)/*-  0.0100  cm  is  Mill  inside  tbc  solenoid  so  the  expression  in  part  (a)  applies. 

£-iruff4--il°OI00  m«4? xIO  ' T-m/AWWO  m '»60.0  A'i)  - J. 39.10'  V.'m 
dt 

EVALUATE:  Insxle  the  solenoid  E is  proportional  to  r,  so  E doubles  when  r doubles. 

I DIKII  FY:  Apply  Eqx.(29.9)  and  (29.10). 

SET  Up:  F.valiutc  the  integral  if  Eq.(29.IO)  foe  a path  which  is  a circle  of  radius  r and  cooccntnc  with  the 
solenoid  The  magnetic  field  of  the  solenoid  is  confined  to  the  region  insxle  the  solenood.  so  B(t)  = 0 for  r > R 


. . an  . on 

Execute:  (a) a xr  — 

dt  dt  dt 


ME- 


I J4» . ,Tr.:  dB 


2xr  dt  2 xr. 


: u\ 


The  direct ion  of  E is  shown  in  Figure  29.29a. 


1 */<t>  xR'  dB 

(c)  All  the  flux  is  within  r < R.  so  outside  the  solenoid  E 4 

2xrs  dt  2 xr:  dt 

td)  The  graph  is  sketched  xn  Figure  29.29b. 

(e)At  r^i?/2.  £ = 


dt  4 


R'  dB 
2y~dt 


d<t> . dB 

(f>  At  r - R , € 4 - xR~  — . 

dt  dt 

(f)Al  r-2R . — 

dt  dt 

EVALUATE:  The  cmf  is  independent  of  the  distance  from  the  center  of  the  cylinder  at  all  paints  outside  it.  Even 
though  the  magnetic  field  is  zero  foe  r > R , th:  induced  electric  ftckl  is  nonzero  outside  the  solenoid  am!  a nonzero 
cmf  is  induced  in  a circular  turn  that  has  y > R, 


l 


Figure  29 29 


IDENTIFY : Use  Eq.<29. 10)  to  cumulate  the  induced  electric  field  E and  use  this  £ in  EqX29.9>  to  calculate  € 
between  two  pints 

(a)  Si  r liP:  Because  of  the  axial  symmetry  and  the  absence  of  any  electric  charge,  the  ficki  Imes  arc  conecntrx 
circles. 


29.31. 


29.32. 


29.33. 


Electromagnetic  Induction  29-9 


(b)  See  Figure  29.30. 


£ is  tangent  to  the  ring.  The  dirccticm 
i>f  £ I clockwise  or  counterclockwise  I 
is  the  direction  in  which  current  w ill 
be  induced  in  the  ring. 


EXECUTE:  Use  the  sign  convention  for  Faraday's  law  to  dedure  this  direction.  Let  A he  into  the  paper.  Then 

J<1>  J<1> 

<T» , is  positive.  B decreasing  then  means  is  negative,  so  by  £ - — , £ is  positive  and  therefore 


clockwise.  Thus  £ is  clockwise  around  the  ring.  To  calculate  £ apply  di~  ■'  to  a circular  path 
coincides  with  the  ring, 

$£  di  -£(2xr> 


111 


Bxr'\ 

- zr: 

JR 

<it 

E<2*r\ 


Hi 


ind  /:  - -r 


=4(0  ICO  mH 00350 T/s|  - 1 .75 x 10  1 Vm 


(c) The  induced  emf has  magnitude  £ - Jl  - E(2*r)  - (|.75x  10  4 VmH2^H0.  IfiO  in)  - I.IOOx  10  1 V.  Then 
£ 1.100*10 'V 


i — 

R 4.00  u 


2.75*10  4 A. 


(ell  Points  a and  h are  separated  by  a distance  around  the  ring  of  ;rr  so 
£ - ^(irr)* (1.75x10  ‘ V/m)U)f0.1<0  m>  - 5S0*  10  4 V 

(e)  The  ends  arc  separated  by  a distance  around  th:  ring  of  2xr  so  £ - 1.10  x 10  ' V as  calculated  in  jxirt  (c). 
EVALUATE:  The  induced  emf.  calculated  from  Faraday's  law  and  used  to  calculate  the  induced  current,  is 
associated  with  the  induced  electric  field  integrated  around  the  total  circumference  of  the  ring. 

IDENTITY:  Apply  Lq.<29. 1 ) with  <1>,  - p%niA  . 

SET  UP:  A - xr* . where  r-  0.0110  m.  In  Eq.(29.ll)t  0.0350  m. 


Execute:  |f| 

.u 


V,nA 


— and  hkT=£(2rr|.  Therefore,  — 


Ai 


£2xr 


<8.00 x 10  % Vi'm)lff(0.O3S0  mi  ....... 

■ — v.j  i /Vs. 

//,<400m  'MO.OllOm y 

Evaluate:  Outside  the  solenoid  the  induced  electric  field  decreases  with  increasing  distance  from  the  axis  of 
the  solenoid. 

Identity:  A changing  magnetic  flux  through  a coil  indices  an  emf  in  that  coil,  which  nvans  that  an  elcctrx 
field  is  induced  in  the  material  of  the  coil. 

r • • i/d» 

SET  UP:  According  to  faraday's  law.  the  induced  electric  fWld  obeys  the  equation  J A di  - — . 

J d: 

EXECUTE:  (a)  For  the  magnitude  of  the  induced  clcctnc  field.  Faraday's  law  gives 

£2xr  - d(BxSydt  - xS  JR  d: 

r JR  0.0225  m 


10.250  TA)-  2.81x10  V/m 


2 di  2 

(b)  Tlie  field  points  toward  the  south  pole  of  the  magnet  and  is  dxreasing.  so  the  induced  current  is 
counterclockwise. 

EVALUATE:  This  is  a very  small  electric  field  compared  to  most  ocher*  found  in  laboratory  equipment 

\\1K 


Identity:  Apply  Faraday's  law  in  the  form  H-  V 


V 


SET  UP:  The  magnetic  field  of  a large  straight  solenoid  is  R - r.I  inside  the  solenoid  and  zero  outside. 
<T» . - BA  . where  A is  8.00  cm* . th:  cross-sectional  area  of  the  long  straight  solenoid. 
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29.34. 


29.35. 


29.30. 


29.37. 


Execute:  b*  l-.V 

a 

XAp.nl 

— - ~ ^ ^ * — — » - - ^ | — ■ 

St 

A r 

Ar 

£ . A-  H,  -m^x^noo  XO3S0A)  ng^r<tf 

* 00400  % 

EVALUATE:  An  cmf  is  induced  in  th:  second  winding  even  though  the  magnetic  field  of  the  solenoid  is  «ro  at 
tlic  legation  of  the  second  winding.  Hie  changing  magnetic  field  induce*  an  electric  field  outside  th:  solenoid  and 
that  induced  electric  field  produces  the  cmf. 

IDENTIFY:  Apply  I:q.(29. 14). 

Set  L’P:  <-3.5*10 11  F/m 


Exec  i it: 


lr.  — 


• I 


- = (3.5»  10  " F/mH24.0-l0;  fo-2!xl0"A  give*  f = S.0s 


EVALUATE:  if|  depends  on  the  rate  at  which  i*  changing. 

IDENTIFY : Apply  l:q.<29. 14K  wliere  t - Ktv. 

SET  UP:  fdi  = 4(8.76x10'  VmsV.  c,  =8.854 x!0*IJ  F/m. 


Execute:  < 


12.9x10 


76x10  V m*4K26.1xlO  7 *> 


- 2.07  x 10  I:  m.  The  dielectric  constant  is 


A'  - — - 2.34. 

EVALUATE:  The  larger  the  dielectric  cceiviant.  the  larger  is  the  displacement  current  fee  a given  d&Jdt. 
IDENTIFY  and  SET  L’P:  Eqs.<29. 13 1 and  <29. 14>  show  that  /t  = rD  and  also  relate  i„  to  the  rate  of  change  of  the 
clectra:  field  flux  between  the  plates.  I ’sc  this  to  calculate  dl:  >'dt  aixl  apply  the  generalized  form  of  Ampere’s  law 
( Eq.29. 1 5 ) to  calculate  li. 

k„  ..  ..  0280  A 

(a)  Execute::  /. 


i(l  i 0.280  A 

->A,=  — = - = — 

XT 


r( 0.0400  ml 


55.7  Anr 


,b,  -*£.10££^ 55  7 Am' P - 6.29.  Iff*'  VJn 

dt  dl  t 8.854  x 10  C"  N tif 


A A 

dE-i* 

(Cl  SET  LtP:  Apply  Anycre’s  law  \b  dl  - //.fa.  * < Lq  <2K  20»|  to  a circular  path  with  radius  r - 0.0200  m. 

An  end  view  of  the  solenoid  is  given  in  figure  29.36. 


By  symmetry  th:  nugnctic 
field  is  tangent  to  the  path 
uid  constant  around  it. 


Figure  29 M 

Execute:  Thus  dl  - jtidl  -u\dl-  B<2*r>. 

ic  - 0 (no  condition  current  flows  through  the  air  spare  between  the  plates) 

The  displarcmcnt  current  enclosed  by  the  path  is  Juxrm. 

Thus  Bilrr)  - and  B - = #4*  x 10  ’ T m AM55.7  A'nrXO.0200  m)  = 7.00x10'-  T 

Id)  B*±tiJbr.Xawr  is  ^ the  value  in (c\  so  B is  + alio:  *=£<7.00x10  1 T)  = 3.50x|0  * T 
EVALUATE:  The  definition  of  displacement  current  allows  the  current  to  be  continuous  at  the  caparitor.  The 
magnetic  fteki  between  the  plates  is  zero  on  th:  axis  (r  - 0)  and  increases  as  / increases. 

IDENTIFY : q - CV  . For  a parallel-plate  capacitor.  C - — . where  € - A'«,.  u - dq/dl.  >„  - <— . 

d dt 


SET  L’P:  E - q'tA  so  dEidt  - LUA. 


Execute:  (a,  </  - CV  - ! 2 IV 

d 


(4.70)<  <3.00x10  * m*  Xl20  V) 


LSOx 10  m 


5.99  x IQ  C. 
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29.38. 


29.39. 


29.40. 


lb)  —-ic  -6.00x!0  1 A. 
dt 

<«>  "V if'  *°  «oB'r=6-0 0*10  A. 

at  Kt^A  A 

Evaluate:  i„  - so  KinrhhofVs  junction  rule  is  satisfied  where  the  wire  connects  to  each  capacitor  plate. 

iDi.Min  and  SKT  Up:  Use  \ - qtt  to  calculate  the  charge  »/  that  the  current  has  carried  to  the  plates  in  time  t. 
The  two  equations  proceeding  hq.i  24.2)  relate  if  to  the  electric  field  E and  the  potential  difference  between  the 
plates.  The  displacement  current  density  is  defined  by  Kq.<29 16). 

Execute:  w = 1.80x10°  A 
q a 0 at  t » 0 

The  amount  of  charge  brought  to  the  plates  by  the  charging  current  in  time  / is 
q = i7-(i*0-l0 ' AXO.SOO.iO*  *>-9.00-10  " C 


9.00-10 


2.Q3-101  Vm 


E=ZSJ_I 

«,  t,A  (8.S54-IO  “ C-.'N  m;XS.0O«10  ' m) 

V i Ed  -<2.03xl0'  V,'mK2.00«10  1 m>-406  V 

(•*>  E*qi4,A 

dE  dq  dt  /.-  1.80*10  ' A 

dt  c,A  t,A  (8.854x10  C'i'N-m‘l(5.00«10  m‘( 

Since  is  constant  dE'dt  docs  not  vary  in  time. 
dE 

(c)  /„  (l:q.(29.16)L  with  c replaced  by  c,  since  there  is  vacuum  between  the  plates,  f 

dt 

jD  - (8.854  - 10  11  C1 N • m;  M4.07  - 10* 1 Vm  • *|  - 3.60  A m; 
i„-yD^»(3.60A,,m1K5.00«IO'*  m1)- 1.80*  10  1 A 

E' VALL  ATE:  it  - i„.  The  constant  conduction  current  means  the  charge  q on  the  plates  and  the  electric  field 
between  them  both  increase  linearly  w ith  time  and  i ,,  is  constant. 


iDf.vlltY:  Ohm's  law  relates  th:  current  in  the  w ire  to  the  electric  field  in  the  wire.  ju  - c — Use  Eq.(29.l5) 

dt 

calcuLitc  the  magnetic  fields. 

SET  UP:  Ohm's  hw  savs  £ - pJ . Apply  Ohm's  law 


circular  path  of  radius  r. 


, pi  )2.0xl0  * n mX!6  A) 

Execute:  (a)  E=pJ  - o.  15  Vm 

' A 2.1*10' m' 

„ dE  d<pl\  ad / 2.0*10 ’12  m 

lb) — - - 1 4000  A Is)  - 38  Vm • *. 

dt  dt\  A ) Adt  2.1  * 10  m' 

(c>  - <,(38  Vm  i|-1.4-I0  " Am1. 

dt 

(d)  r„- j^A  -<3.4x  10  M A>m;K2.1*l0A  ml)»7.14xl0  “ A.  Eq.(29. 1 5)  applied  to  a circular  path  of  radius  r 
gives  £.  - — dlL  _ t 1 1 * 11 — — - 2.38 x 10  : T,  and  this  is  a negligible  coiuribution. 

2*r  2t<0.060  m)  ^ ~ 

*I6A)  =513x10-*  T. 
c 2.rr  2x  (0060  m> 

Evaluate:  In  this  situation  the  displacerrcnt  cuncnt  is  much  less  than  the  conduction  current. 
iDf.MltY : Apply  Ampere's  law  to  a circulir  path  of  raJius  r < where  R is  the  radius  of  the  wire. 

SET  Up:  The  path  is  shown  in  Figure  29.40. 


Figure  29.40 
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29.41. 


29.42. 


29.43. 


29.44. 


EXECUTE:  There  is  no  displacement  current,  so  J B di  — uJK 

The  magnetic  fickl  inside  the  superconducting  mitcrial  is  zero,  so  jB-  dl  —0.  But  then  Ampere’s  law  says  that 
/t  = 0:  tlxrc  can  he  no  conduction  current  through  the  path  This  same  ar current  applies  to  any  circular  path  with 
r •-  /?.  so  all  the  current  mutf  be  at  the  surface  of  the  wire. 

Evaluate:  If  the  current  were  uniformly  spread  oxer  the  wire's  cross  section,  the  magnetic  field  w ould  be  like 
that  calculated  in  Mxampfc  28.9. 

iDf.MItY : A superconducting  region  has  zero  resistance. 

SKI  L’P:  If  the  superconducting  and  normal  regions  each  lie  along  the  length  of  the  cylinder,  they  provide  parallel 
conducting  paths. 

EXECUTE:  Unless  some  of  the  regions  with  resistance  completely  fill  a cross-sectional  area  of  a long  tvpe-II 
superconducting  wire,  there  will  still  be  no  total  resistance.  The  regions  of  roa  resistance  provide  the  path  for  the 
cuncnt. 

EVALUATE:  The  situation  here  is  like  two  resistors  in  parallel,  where  one  has  zero  resistance  and  the  otlvr  is  non- 
zero. The  equivalent  resistance  is  zero. 

IDIVTIPV:  Apply  !:ii(28.291:  « ; ' «.*#- 

SKI  UP:  For  magnetic  fields  less  than  the  critical  field,  there  is  no  internal  magnetic  field.  Tor  fields  greater  than 
the  critical  field.  B is  x,ery  nearly  equal  to  B , 

Execute:  (a)  The  external  field  is  less  than  the  critical  field,  so  inside  the  superconductor  B - 0 and 
- 

3/--—--  , :I  ‘ ,n  4>  ” - -<l .03 x 10*  Am)/.  Outside  the  superconductor.  B - B,  - (0. 1 30  TV  and  W - 0. 

/A-  fk 

(l>)  The  field  is  greater  than  the  critical  field  and  B - B,  = <0.260  T)i*.  both  inside  and  outside  the  superconductor. 
EVALUATE:  Bekiw  the  critical  field  the  external  field  is  cxpelV^l  from  the  superconducting  material. 
iDEVnFY:  Apply  B - Bt  -f 

SKI  UP:  When  the  magnetic  flux  is  expelled  from  the  material  the  magnetic  field  B in  the  nutcrial  is  zero. 

When  the  material  is  completely  normal,  the  magnetization  is  close  to  zero. 

Execute:  (a)  When  B,  is  just  under  fl,  I threshold  of  superconducting  phase),  the  magnetic  field  in  the 

material  must  be  zero,  and  ! — - -<4.38 x!04  Ami#. 

fk 

(b)  When  is  just  over  B . (threshold  of  mrmal  phase),  there  is  zero  magnetization,  and  B - fl  . =(15.0  T)t. 
Evaluate:  Between  £ ,and  Btl  there  are  filaments  of  ncenxil  phase  material  and  there  is  magnetic  field  along 
thc*e  filanrcnts. 

IDI.MUY  and  SKI  L'P:  Use  Faraday*!  law  to  calculate  the  rmgmtixlc  of  the  induced  cmf  and  Lenz’s  law  to 
determine  its  direction.  Apply  Ohm’s  law  to  calculate  /.  Use  Eq.f25.10l  to  calculate  the  resistance  of  the  coil. 

(a)  EXEC  LOT:  Th:  angle  6 between  the  normal  to  the  coil  and  the  direction  of  B is  30.0*. 


|f  | - - ( Xzr:  *dB  dt)  and  / - |f|  R 

For  f < 0 and  / > 1.00  %,dB'di -0|£|=0  and  /^0. 

For  0 £ r £ I mi  *.  JBdt  - (0. 1 20  T l z sin  zi 
|;|  - ( V.T r'  )t(0.  1 20  T)*in  xl  - (0.9475  V)*in  xl 

R fw  wire:  R _ £1-  £l_:  n - 1.72x10’ * J!  m r -0.0150. 10  ' m 
A XT* 

L - Nc  - iV2 nr  - (500)  2;r  H 0.0400  in)  - 125.7  in 


Rt  - 3058  O and  the  total  resistance  of  the  circuit  is  R - 3058  il  + 600  i\  - 365S  (2 
/ - \t  \ R - (0259  mA)sin*/.  The  graph  of  / versus  / is  sfcctcbod  in  Figure  29.44a 


t 
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29.45. 


29.46. 


29.47. 


<l>)  The  coil  and  the  magnetic  field  arc  Aown  in  Figure  29.44b 


B increasing  so  <I>rf  is  0 
and  increasing.  is  0 
so  / k clockw is: 


I igure  29.44b 

Evaluate:  The  long  length  of  smill  diameter  wire  used  to  make  the  coil  has  a rather  large  resistance,  larger 
than  the  resistance  of  the  600*0  resistor  connected  to  it  in  the  circuit  The  flux  hat  a cotxne  time  dependence  so  the 
rate  ot* change  ot'  flax  and  the  cumml  have  a sane  tinx  dependence.  There  is  no  mdured  current  for  / < 0 or  / > 1.00  *. 
Identify:  Apply  Faraday's  law  and  Lenz's  law 

y 

SET  UP:  For  a discharging  RC  circuit.  /(/)  =.  ' /x  • where  I'  is  the  initial  voltage  across  the  capacitor.  The 

R 

resistance  of  the  small  loop  is  (25X0.600  m ill  .0  fl'm)  - 15.0  fl. 

Execute:  (a)  The  large  circuit  is  an  RC circuit  with  a time  constant  of  r - A?C=(I0 12x20x1(1  * F)  - 200 /a.  Thax. 
the  current  as  a function  of  tin*  is  i - (<1CX  V)/<10  0))c  ‘ **  **.  At  / - 200  ;/s.  we  obtain  r = <10  AXe  ) = 3.7  A 
(h|  Assuming  thxt  oily  the  king  wire  nearest  the  smill  loop  produces  an  appreciable  magnetic  flux  thn>ugh  the 

-A/*  . 

2.7;* 


r • ♦*»  U/i>  i/JO  ' iV  ' 

small  loop  and  referring  to  the  solutKin  of  Exercise  29.7  we  obtain  <I>  - I Jr In’  1 * — Therefore. 

? t*  ? ^ l el 


Jt\y  n b a \di 

the cmf  induced  in  the  small  kiop  at  t - 200/is  is  l fci  I |— . 

dt  2x  c 


^ (4tx1>  WhA  •m-KO.aOOm)  _ 


1.7  A 


200*10  s 


tO.Sl  mV.  Thus,  the  induced  current  in  the  small 


loop  is  f - L- 


8W1-*** 


(c>  The  magnetic  field  from  the  large  loop  is  directed  out  of  the  page  within  the  small  lonp.Thc  induced  cunent 
will  act  to  eppose  the  decrease  in  flux  from  the  large  loop.  Thus,  the  induced  current  flows  counterclockwise. 
Evaluate:  (d|  Three  of  the  wires  sn  the  large  kiop  are  too  far  away  to  mike  a significant  contribution  to  the 
flax  in  the  small  kiop  as  can  be  seen  by  comparing  the  distance  c to  the  dimensions  of  the  Large  loop. 

IDENTIFY:  a changing  magnetic  field  causes  a changing  flax  through  a coil  and  therefore  induces  an  emf  in  the 
coil. 


SET  UP:  Faraday's  law  says  that  the  induced  emf  is  £ - - 


and  the  magnetic  flux  through  a coil  is  defined 


as  - Afeosp. 

EXECUTE:  In  this  case.  *t>.,  - BA%  where  A is  constant.  So  the  emf  is  proportional  to  the  negative  slope  of  the 

magnetic  field.  T\k  result  is  shown  in  Figure  29.46. 

Evaluate:  It  is  the  rate  at  which  the  magnetic  field  is  changing,  not  the  field's  magnitude,  that  determines  the 
induced  emf  When  the  field  is  constant,  even  though  it  may  have  a large  value,  the  induced  emf  is  rez o. 

£ 


l 


b! 


Figure  29.46 


Identify:  Follow  the  steps  specified  in  the  problem. 

SET  UP:  Let  the  flux  through  the  loop  due  to  the  current  be  positive. 


Execute:  (a)  <l>.  - BA 


A/  rT«  - A»i-Td 
2 a 2 
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»£.- ,-H£l±,iR^±-,2L 

dt  dt  2 2 di  dt  u,za 


(c) Solving  — - — dt - k for  /(ri yields  dr  I = if"'****", 
i n%xa 

<d)  We  want  r(/> (0.010)  *h#**x*+‘\  *>  ln(0O10)  = -UlRifi+xa)  and 

r—££llnC0iH0)=  ‘ ' 1 11  inlO.010)  -4.55x  10  5 s. 

2 R 2(0.10  0) 

EVALUATE:  (c)  Wc  can  ignore  the  self  infixed  currents  because  it  takes  only  a very  short  time  for  them  to  die 
out. 

29.48.  Idem  it Y : A changing  magnetic  fickl  causes  a changing  tlux  through  a coil  and  therefore  induces  an  emf  in  the 

coil. 

SET  L'P:  Faraday's  law  says  that  the  indured  emf  is  £ - -■  and  the  maunclic  tlux  through  a coil  is  defined 


is  <l>fc  - BA cos^. 

EXCftTC:  In  this  case.  <t>.,  - BA.  where  A is  constant.  So  the  emf  is  proportional  to  the  negative  slope  of  the 
magnetic  field  Tlx  result  is  shown  in  Figure  29.48. 

EVALUATE:  It  is  the  rate  at  which  the  magnetic  field  is  chw\ging%  not  the  field's  magnitude,  that  determines  the 
induced  emf.  When  the  field  is  constant,  even  though  it  may  have  a large  value,  the  induced  emf  is  «w. 

d 


f*  h 

i i 

r 

i — 1 — 

Figure  29.48 

29.49.  (a)  IDENTIFY’:  lit  |£|  - . IK  tlux  is  changing  because  the  magnitude  of  the  magnetic  field  of  the  wire  decreases 

with  distance  from  the  wire.  Find  the  flux  through  a narrow  stnp  of  area  and  integrate  over  the  loop  to  find  th:  total  tlux. 
SET  LP: 


dX 

% 

1 • 
,i  » 

_r J 

• 1 
• ■ 
• • 
• 1 

Consider  a narrow  stnp  of  width  dx  and  a 
instance  x from  the  long  wire,  as  shown  in 
figure  29.49a.  The  mignetic  firkl  of  the  wire 
it  the  strip  rs  B - pj/2xx.  The  tlux  through 
tb:  strip  is  J<2>.  - Bh  dx  - iudh  2 xHdx'xf 


Figure  29.49a 


f ( r*  T * ll.l 

Execute:  The  total  flux  through  the  loop  is  <t>,  - j d&t  -|  -T—-  | — 


W”.  dx 


Ml  b.  n 

2.T  / 


dt  dt  di  2x  ^ r[r+a )) 
ri  2r r{r+a) 

(ii>  Idem  it Y : £ - Bvl  for  a bar  of  length  / moving  at  speed  r perpendicular  to  a magnetic  field  B.  Calculate  the 

induced  emf  in  each  side  of  the  loop,  and  combine  the  cmfs  according  to  their  polarity. 
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29.50. 


29.51. 


SET  L’P:  The  four  scgmmts  of  the  loop  arc  .shown  in  figure  29.49b. 


Execute:  The  cmf  in  each  sxle 
of  the  loop  is  £ = ' iii-  |»*. 

2xr 


lxr(r 


Figure  29.49b 

Doth  emfs  £ and  arc  directed  toward  the  top  of  the  loop  so  oppose  each  other.  The  net  cmf  is 
2r  \r  r + af  2xr(r  + a) 

This  expression  agrees  with  what  was  obtained  in  (i)  using  Faraday's  law. 

(b)  (II  IDENTIFY  and  SET  IIP:  The  flux  of  the  induced  current  opposes  th:  change  in  flux. 

Execute:  B is  ©.  is  0 and  decreasing,  so  the  flux  «t>#J  of  the  induced  current  is  0 and  the  current  rs 

clockwise. 

(ii)  Idem  in  and  SET  UP:  Use  the  right  hand  rule  to  find  the  force  on  the  positive  charges  in  each  sxle  of  the 
loop.  The  forces  on  positive  charccs  in  segments  1 and  2 of  the  loop  arc  shown  in  Ficurc  29.4*te. 


rf 

? 

® 

I 

0 

— © 

T 

0 

tt 

p 

Figure  29.49c 

EXECUTE:  B is  larger  at  segment  1 since  it  is  closer  to  the  long  wire,  so  FM  is  larger  in  segment  1 and  the 
induced  current  in  the  loop  is  ckickwisc.  This  agrees  with  the  direction  &duccd  in  l i)  using  Lenz’s  law. 

(c)  Evaluate:  When  r - 0 tlx  induced  cmf  should  he  zero;  the  expression  in  part  (a)  gives  this.  W hen  a 0 
the  flux  goes  to  zero  and  the  cmf  should  ^lproach  zero;  the  expression  in  part  (a  ) gives  this.  When  r — > w the 
magnetic  field  through  the  loefi  goes  to  zero  and  the  cmf  should  go  to  zero;  the  expression  m part  (a  I gives  this. 
IDEMIFY:  Apply  Famdiy's  law. 

SET  L’P:  For  rotation  about  the  \ axis  the  situatiixi  is  the  same  as  m Examples  29.4  and  29.5  and  we  can  apply  the 
results  from  those  examples. 

EXECUTE:  (a)  Rotating  about  the  Y-axis:  the  flux  is  given  by  - #.!cos«  and 


(35.0  rail  1 1| 0.4 50  TX6.00- 10  ! ml  = 0.945  V. 
J4' 


|bl  Rotating  about  the  r-axis; 


- I)  and  £'  - 


A 


|c)  Rotating  about  the  r-axis:  the  flux  is  given  by  <1>.  - 0/fcos4  and 


1.15.0  rad^llO.450  TK6.00*  10  1 m)  - 0.945  V. 


EVALUATE:  The  maximum  cmf  is  the  same  if  the  loop  is  rotated  about  an  edge  parallel  to  the  r-axis  as  it  is  when 
it  is  rotated  about  the  r-axis. 

IDEM  m : Apply  the  results  of  Example  29.4.  so  £tm  = NtoBA  for  X loops. 


SET  UP:  For  the  minimum  <v.  let  the  rotating  loop  hive  an  area  equal  to  the  area  of  the  uniform  magnetic  field, 
so  /Is (0.100 in)1. 


EXECUTE:  At  ^ 400.  B - I.5T,  ^ = <0.100m)3  and  = 120  V gives 

m - ChJNBA  - <20  rad  s|<  1 rev/2*  rad K 60  s i min) - 190  rpm. 
Evaluate:  In  £ a>BA+  m is  in  rad  s. 
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29.52. 


29.53. 


29.54. 


IDEVIIFY:  Apply  the  result*  of  Example  29.4,  generalized  to  AT loops:  £^  - S&BA.  v - r&. 

SET  UP:  In  the  expression  for  £%mt%  & must  be  xn  rad  s.  30  rpm  - 3.14  rads 

Execute:  (a)  Solving  for  A we  obtain  -IS  nr 

taNB  (3.14  rad  s)2XM)  tumslfK.Ox  10  T) 

|b)  Assuming  a point  on  the  coil  at  maximum  distance  from  the  axis  of  rotation  we  have 


I yv-  i — u* 


[3.14  rad*s)  = 7.5m/s. 


Evaluate:  The  device  is  not  very  feasible  The  coil  would  need  a rigid  frame  and  the  c fleets  of  air  resistance 
would  be  appreciable. 


IDENTIFY:  Apply  laradiv's  law  in  the  form  £ - -V 


calculate  the  average  emf  Apply  Lenz’s  law  to 


cakrulite  the  direction  of  the  induced  current. 

SET  UP:  <I>  - BA  . The  flux  chances  because  the  area  of  the  loop  changes. 


Execute:  (a)  £ 


A-D, 

_ fi 

A 1 

A/ 

a7 

t r: 


1 1 - /y— - (0.950  T I 


t<0.0650  2 m> 


0.0126  V. 

.250  s 

(b)  Since  the  magnetic  field  is  directed  into  the  page  and  the  magnitude  of  the  flux  through  the  loop  is  decreasing, 
the  induced  current  must  produce  a field  that  goes  into  the  page.  Th^cforc  the  current  flows  from  point  a through 
the  resistor  to  point  h . 

EVALUATE:  Faraday’s  law  can  he  used  to  find  the  direction  of  the  induced  current.  Let  A be  into  the  page.  Then 
is  positive  and  decreasing  in  magnitude,  so  d<S>A/dl  < 0.  Therefore  £ > 0 and  the  induced  current  is  clockwise 
around  the  loep. 

IDENTIFY : By  Lcnz's  law,  the  induced  current  flows  to  oppose  the  flux  change  that  caused  it. 

SET  UP:  When  the  switch  is  suddenly  closed  with  an  uncharged  capacitor,  the  current  in  the  outer  circuit 
immediately  increases  from  zero  to  its  maximum  value.  As  the  c^iaeitor  gets  charged,  the  current  in  the  outer 
circuit  gradually  decreases  to  zero. 

Execute:  (a)  til  The  current  in  the  outer  circuit  is  suddenly  increasing  and  is  in  a counterclockwise  direction 
The  magnetic  fiekl  through  the  inner  circuit  is  out  of  the  paper  and  increasing.  Tbc  magnetic  flux  through  the  inner 
circuit  is  increasing,  so  the  induced  cunent  in  the  inner  circuit  is  clockwise  ( a to  h)  to  oppose  the  flux  inrrcasc.  I ill 
The  current  in  the  outer  circuit  is  still  counterclockwise  but  is  now  decreasing,  so  the  magnetic  field  through  the 
inner  circuit  is  out  of  the  page  hut  decreasing.  The  flax  through  the  inner  circuit  is  now  decreasing,  so  th:  induced 
current  is  counterclockwise  (6  todl  to  oppxisc  the  flax  decrease. 

(b>  The  graph  is  sketch^!  xn  Figure  29.54. 

E VALLATE:  Even  thnugh  the  current  in  the  outer  circuit  docs  not  change  direction,  the  current  in  the  inner  circuit 
docs  as  the  flax  through  it  chances  from  incrcasinc  to  decreasing. 


. 


29.55. 


IDENTIFY : Use  Faraday’s  law  to  calculate  the  indured  emf  and  Ohm’s  law  to  find  the  indurcd  current.  Use 
Eii<27.19)  to  calculate  the  magnetic  force  Ft  on  th:  induced  current.  Use  the  net  force  /*  - Ft  in  Ncwlcm’s  2nd 
law  to  calculate  the  acceleration  of  the  rod  and  use  thit  to  describe  its  motion. 


29.56. 


lilcctronsignctic  Induction  29«l? 


(a)  SET  Ur:  The  force*  xn  the  nxl  are  shown  in  Fixture  29.55a. 


Execute:  |f|= 

1-^ 


.‘f 


-ZM.V 


Figure  29.55a 

Use  £ - - — ^ to  find  the  direction  of  /:  Let  A he  into  the  page.  Then  «t>rf  >0.  The  area  of  the  circuit  is 

increasing,  so  ■■  ^ — > 0.  Then  £ <0  and  with  our  direction  for  A thr*  means  that  £ and  / arc  counterclockwise. 
dt 

is  shown  in  the  *ketch.  The  force  F.  on  the  rod  due  to  the  induced  cunent  is  given  by  /*,  - //  x R This  give*  Ft 
to  the  left  with  magnitude  F}  - ILB  = (BLvlR)LB  - B*l!vf  R.  Note  that  Ft  is  directed  to  oppose  the  motion  of  the 
rod.  a*  required  by  Lenz'*  law. 

EVALUATE:  The  net  force  on  th:  rod  is  F - F(%  so  its  acceleration  is  a - (F  - F: )/m  - {F  - £*/>//?)/«.  The 
rod  start*  with  v “ 0 and  a • Dm.  As  the  speed  v increases  the  acceleration  a decrease*.  When  a - 0 the  rod  ha* 
reached  its  terminal  speed  »..  The  graph  of  v venus  t is  skdehed  in  Figure  29.55b. 


(Recall  that  a is  the  slope  of  the 
tangent  to  the  v versus  f curve.  > 


(b)  EXECUTE:  v - i.  when  u - 0 so 


- " Jnd  1 YjT 


EVALUATE:  A large  F produces  a large  v,.  If  ft  is  larger,  or  R is  smaller,  the  induced  current  k larger  at  a given  v 
<o  /*.  is  larger  and  the  terminal  speed  is  less. 

lot  Min  : Apply  Newton's  2,d  law  to  the  bar.  The  bar  will  experience  a magnetic  force  due  to  the  induced 
current  in  the  loop.  Use  a - i ivfdt  lo  solve  foe  r.  At  the  terminal  speed,  a - 0 . 

SET  L'P:  The  induced  emf  in  Ihe  loop  has  a magnitude  BLv  . The  induced  emf  is  counterclockwise,  so  it  opposes 
the  voltage  of  the  battery.  £. 

Execute:  (a)  The  net  current  in  the  kiop  is  / - * l . Th:  acceleration  of  the  bar  is 

f ILB  j«n(90°)  (£-BLv)LB  T r . A <£-BLv)LB  . , . . 

a - To  find  WO  .set  iil  - a aid  solve  for  v uung  the  method 

m m mR  ai  mR 

of  separation  of  variables: 

j;  - f . i£.  , v . 4(  I ■ - - < I » - m - ■ ■ ■ . 


i£-BLv)  11  mR 


H 


The  graph  of  v versus  t is  sketched  in  Figure  29.56.  Note  that  the  graph  of  this  funciion  is  similar  in  appearance 
that  of  a charging  capacitor. 

(b)  Just  after  the  switch  is  closed,  v - 0 and  / = &R  -2.4  A.  F - ILB  - 2.8S  N and  a = Ffm  - 3.2  m.'sJ . 

(c>  When  ,• . 2.0  nV,,  . - L'?.  \ ■ -< 1 1 5 T|,0S  mM-°  m>>1<°  K ml"-5  T>  , 2.6  „*». 

10.90  kgKS.om 

(dl  Note  that  as  the  speed  increases,  the  acceleration  increases.  The  speed  will  asymptoticallv  approach  the 


tcrmiml  speed  - 


12  V 


BL  1 1.5  T KD.H  ml 


- 10  in  s.  winch  makes  the  acceleration  zero. 
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29.57. 


29.58. 


29.59. 


Evaluate:  The  cuvrcnt  in  the  circuit  is  counterclockwise  and  the  mignctic  fccce  on  the  bar 
energy  that  appears  as  kinetic  energy  of  the  movinu  bar  is  supplied  by  the  batten*. 


The 


Figure  2936 

iDEVim : Apply  t - BvL  Use  Y^F  - ™ ^lplied  to  the  satellite  motion  to  find  the  speed  »•  of  the  satellite. 
SET  UP:  The  gravitational  force  an  the  satellite  is  F - G where  m is  the  mass  of  tlx  satellite  and  r is  the 


radius  of  its  orbat. 

Extent:  fl-S.OxlO  'T.I-lDm  and  r = 400x10'  m-ff,  ni\«  i-  - 7.665x10' mfr. 

Uang  this  v In  £ = vBL  gives  £ - <8.0  - 10  ‘ TII7.665  x 10*  ml*  2.0  m)  - 1 .2  V. 

EVALUATE:  The  induced  cmf  is  large  enough  to  he  measured  easily. 

iDEVlin  : The  induced  emf  is  £ - BvL*  where  /.  is  measured  in  a direction  that  is  pcrpmdicular  to  both  tlx 
magnetic  field  and  the  velocity*  of  the  bar. 

SET  L’P:  The  magnetic  force  pustxd  positive  charge  toward  the  high  potential  end  of  the  bullet. 

Execute:  (a)  £ - BLv  = (8 x 10  T <0.001  mX300  in  s)  - % /i\\  Since  a positive  charge  moving  to  the  east 
would  he  deflected  upward,  the  top  of  the  bullet  will  be  at  a higher  potential. 

(b)  For  a bullet  that  travels  south,  v and  B are  along  the  same  litx,  there  is  no  magnetic  force  and  the  induced  cmf 
is  zero. 

(c>  If  r is  hcej/ixvtal.  the  magnetic  force  on  positive  charges  in  the  bullet  is  either  upward  or  downward, 
perpendicular  to  the  line  between  tlx  front  and  back  of  the  bullet.  There  is  no  cmf  indixed  between  the  front  and 
back  of  the  bullet. 

EVALUATE:  Since  the  velocity  of  a bullet  is  ahvays  in  the  direction  from  the  back  to  the  front  of  the  bullet,  and 
since  the  magixtic  force  is  perpendicular  to  the  velocity,  there  is  never  an  induced  cmf  between  the  front  and  back 
of  the  bullet,  no  matter  what  the  direction  of  the  magnetic  field  is. 

IDI.VIIFY:  find  the  mignctic  fxld  at  a distance  r from  the  center  of  the  wire.  Divxle  the  rectangle  into  narrow 
stnps  of  width  dr . find  the  flux  through  each  strip  and  integrate  to  find  tlx  total  flux. 

SET  L’P:  L.\amplc  28.8  uses  Ampere's  law  to  show  thit  the  magnetx  field  inside  the  wire,  a distance  r from  the 
axis,  is  B{r)~  nJrjlxR’. 

EXECUTE:  Consider  a small  strip  of  length  H*  and  width  dr  that  is  a distarxc  /•  from  the  axis  of  the  wire,  as  shown 

in  Figure  29.59.  The  flux  through  the  stnp  is  d<t>,  - B[rW dr  - — — -r  dr.  The  total  fiux  through  the  rectangle  is 

2<tA' 


EVALUATE:  Note  thit  the  result  is  indepemirnt  of  the  radius  R of  the  wire. 


Figure  2939 
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29.60. 


29.61. 


IDENTITY : Apply  Faraday's  law  to  calculate  the  magnitude  and  direction  at*  the  induced  emf. 

SET  UP:  Let  A be  directed  exit  at*  the  page  in  Figure  29.50  in  the  textbook.  This  nxons  that  counterclockwise  emf 
is  positive. 

Execute:  <»  <t»,  - BA  - fl.Tr/d  - ty/t,)1  ♦ 2ir/U‘> 

2 


(b>  £ - -- -±  - -B, Tr/ 1(1  - Mi'l.V  + 2 (rt.)'  I = - 


fl-T. 


:-6Vt,)+ML)h£  - — ^ 


•\l 


r-SOxlQ^g-lfl,T,00,20nl|: 
0.010  * 

counterclockwise. 

( O / - =>  K 4*1  = r + R - 4 =*  r - 


5.0*10 


0.010 

.0665  V 


5.0*10 


0.0 10  n 


5.0665  V.  £ is  positive  » it  is 


-12  12-10.2  CL 


R^  / 3.0x10  A 

(d)  LvoiU.il  me  the  emf  at  f - 1.21  * 10  * s and  using  the  equations  of  part  (b>,  £ = -0.0676  V,  aixl  the  current  flows 
cluck  wise,  from  h to  a through  the  resistor. 

(e)  £ - 0 w hen  0 - f — I - 1 — 1 1.  I - — and  / - - 0.010  s. 


EVALUATE:  At  I - tv,  B - 0.  At  / - 5.00  X 10  ‘ x.  R is  in  th:  rk  direction  and  is  decreasing  in  magnitude.  Lenz’x 
law  therefore  says  £ is  counterclockwise.  At  / - 0.012 1 s.  R is  in  the  tk  direction  and  is  increasing  in  magnitude. 
Lenz’s  law  therefore  says  £ is  ckickwise.  TTiesc  results  for  the  direction  of  £ agree  with  the  results  we  obtained 
from  Faraday's  law. 

(a)  and  (b)  IDENTIFY  and  Set  Up: 


The  magnetic  field  of  the  wire  is  given  by 

1 u/ 

R and  varies  along  the  length  of  the 

, 2xr 

y > bar.  At  every  point  along  the  bar  R has 

direct  ion  into  the  page.  Div>dc  the  bar  up  into 
thin  slices,  as  shown  in  Figure  29.6 1 a. 

*B  k * * x 

Figure  29.61a 

EXECUTE:  The  emf  d£  induced  in  each  slice  is  given  by  d£  - r x R dt . v x R is  directed  toward  the  wire,  so 


-vff  dr  - -v*  — - L//  The  total  emf  induced  in  the  bar  is 

I 2rr  ! 


+ ki(l r Lid) 

2.T  2.7 

Evaluate:  The  minus  sign  means  that  is  negative,  point  a is  at  higher  potential  than  point  h.  <The  force 
F - ifv  x R on  positive  chirge  carriers  in  the  bar  is  towards  a.  so  a is  at  higher  potential.)  Tlie  potential  difference 
increases  w hen  / or  v increase,  or  J decreases. 

(c)  IDENTIFY:  L*se  Faraday's  law  to  caVrulate  the  induced  emf. 

SET  UP:  The  wire  and  loop  arc  sketched  in  Figure  29.61b. 


W -+ 


o 


Execute:  As  the  loop  moves 
lo  the  right  the  magnetic  tlu.x 
ihrough  it  doesn’t  change.  Thus 
*/<l> 

f -- — 1=0  and / - 0. 
di 


Figure  29.61b 

EVALUATE:  This  result  can  also  be  understood  as  follows.  The  induced  emf  in  section  ah  puls  point  a at  higher 
potential;  the  induced  emf  in  section  dc  puts  point  d at  higher  potential.  If  you  travel  around  the  loop  then  these 
two  induced  emf  s sum  to  zero.  There  is  no  emf  in  the  loop  and  bcncc  no  current. 
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29.62. 


29.63. 


29.64. 


I DU  vim:  £ = vBL,  where  i is  Ihe  component  of  velocity  perpendicular  to  the  field  direction  and  perpendicular 
to  the  bar. 

S»:r  UP:  Wires  A and  C have  a length  of  0.500  in  and  wire  D hat  a length  of  ^2(0.500  m)*  - 0.70?  m. 
Execute:  W ire  A:  »;  it  parallel  to  B.  to  the  induced  enf  it  zero. 

Win:  C.  »*  it  perpendicular  to  B The  component  of  » perpendicular  to  the  bar  it  r cos  45*. 

£ = (0.350  to,x)(co*45°)(0.  120  TX0500  m)  - 0.0148  V. 

Wire  D:  v it  perpendicular  to  B.  The  component  of  i perpendicular  to  the  bar  it  i’ cot 45°. 

£ = (0.350  nvs)(cos45°)(0. 120  TX0.707  m)  ^ 0.0210  V. 

EVALUATE:  The  induced  emf  depends  on  the  angk  between  v and  B and  also  «i  the  angV:  between  v and  th:  bar 
<a)  IDENTIFY:  Ute  tlie  expression  tor  motional  emf  to  calculate  the  emf  induced  in  the  rod 
SET  UP:  The  rotating  rod  it  shown  in  figure  29.63a. 

The  emf  inlured  in  a thin 
slice  it  d£-v*B  dt . 


Execute:  Assume  that  B is  directed  out  of  the  page.  Then  y*B  is  directed  radially  outward  and 
dt  -dr,  %orxB  dt  - vB  dr 
v = rco  so  d£  - coBr  dr. 

The  d£  for  all  the  thin  slices  that  make  up  the  rod  arc  in  tenet  so  they  add: 

£-f  d£  - j ‘ MBrdr  - * 4<8.80  rad  t«0.650  T)(0.240  m>*  ^ 0. 165  V 
Evaluate:  £ increases  with  m.  B or  L*. 

fl»)  No  current  flows  to  there  is  no  //i  drop  in  potential.  Thus  the  potential  difference  between  the  endt  equals  the 
emf  of  0. 165  V calculated  in  part  (a). 

(c>  SET  UP:  The  rotating  rod  it  shown  in  figure  29.63b. 


Figure  29.63b 


Figure  29.63u 


EXECUTE:  The  emf  between  the  center  of  the  rod  and  each  end  is  £ - £<u£(£./2)  - ^<0.165  V)  - 0.0412  V. 
with  the  direction  of  th:  emf  from  the  center  of  the  rod  toward  each  end  The  cmfs  in  each  half  of  the  rod  thus 
oppose  each  other  and  there  is  no  net  emf  between  the  endt  of  the  rod. 

EVALUATE:  at  and  B are  the  same  at  in  pari  (a)  but  /.  of  each  half  is  ±L  for  the  while  rod.  £ it  proportional  to 


L\  so  is  smaller  by  a factor  of  1. 

IDE  vim : The  power  applied  by  th:  person  in  moving  the  bar  equals  the  rate  at  which  the  electrical  energy  is 
dissipated  in  the  resistance. 


SET  UP: 


from  Example  29.7,  the  power  required  to  keep  the  bar  moving  at  a constant  velocity  is  P - 


<BLvr 

~7r~ 


Exf.cc, E:  (■)  it.fflgi .K^TK3OmH2.0m/,)l»  a0090<1 
I 25  W 

<b)  for  a 50  W power  dissipation  we  would  require  thit  the  resistance  be  decreased  to  half  the  previous  value. 

(c)  Using  the  resistance  from  part  (at  and  a bar  length  of  0.20  m. 

» < BLvY  [<0.23  T M0- JO  mX  10  m/s  )f  _ „ . , ». 

R 0.09012 

EVALUATE:  When  th:  bar  it  moving  to  th:  right  the  mignctic  face  on  the  bar  is  to  the  lefr  and  an  applied  foxee 
directed  to  the  right  it  required  to  maintain  ccmsiant  speed.  W'hcn  the  bar  it  moving  to  th:  lefr  th:  mignctic  force 
on  the  bar  is  to  the  right  and  an  applied  force  directed  to  the  left  rt  required  to  maintain  constant  spvcd. 
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29.65.  (a  i IDENTIFY:  Use  Faraday's  law  to  calculate  the  induced  cmf.  Ohm's  law  to  calculate  /.  and  Eq.(27.l9)  to 
cakuLitc  the  force  on  the  rod  due  to  the  induced  current. 

SET  L’P:  The  forec  on  the  win:  is  shown  in  Figure  29.65. 


Hx  x « 

- - 


Extent::  When  the  wire  has  speed  v 
he  induecd  cinf  is  2*  - B\ a and  the 


indited  current  is  I - £ R- 


Bw r 


Figure  29.65 

The  induced  current  flows  upward  in  the  wire  as  shown,  so  the  force  F • //  x B exerted  by  the  magnetic  field  on 
the  induced  current  is  to  the  left.  F opposes  the  motion  of  the  wire,  as  it  must  by  Lenz'x  law.  The  magnitude  of 
the  force  is  F - laB  = B'a'vfR. 

(I>)  Apply  ^ /'  = nut  to  the  wire.  Take  *x  to  be  toward  the  right  and  let  the  origin  he  at  the  location  of  the  wire  at 
r - 0.  so  *,  = 0. 
y Fa  - mat  says  - F - maK 
F B:a'v 


m mR 

Use  this  expression  to  solve  for  \(l): 

dv  Bia\  , dv  B2a: 
il  - - - 


mR 

i i 


-[V 

. v mR  J i 


Wv)-  WO«- 


» i ffVf 


Bat 


mR 





p - v>r 


mR 

Note:  At  /-0.  v = vu  and  t 
Now  solve  for  iff): 

-iVl 


IVI 


i)  when  f 


so  dx  - \\p 


1V1 


I’u'l 


r l - 


IViW 


i. 


B a A -*«> 

Comes  to  rest  implies  »•  - 0.  This  happens  when  r 
t -♦  ff>  gi\ 


x ~ > l . Thus  this  is  the  distance  tlx  wire  travels  before  coming  to  rest. 

B‘a 


EVALUATE:  The  motion  of  the  slide  wire  causes  an  indixed  cmf  and  current.  The  magnetic  forec  on  the  induced 
current  opposes  the  motion  of  the  wire  and  eventually  brings  it  to  rest.  The  force  and  acceleration  depend  on  \ and 


.i  l 


ire  constant.  If  the  acceleration  were  constant,  not  chingmg  from  its  initial  value  ol  at  - -B’a*vv  mR,  then  the 

along  the  length 


stopping  distance  would  be  v - -\ii2a  - mR \\  2B3a’.  Tlx  actual  slipping  distance  is  twice  this. 


29.66.  Idem  ITT  : Since  the  bjr  is  straight  and  the  magnetic  Add  is  uniform,  integrating  d£  - rx/l 
of  the  Kir  gives  £ = (r*B)  L 

SET  t'P:  v - (4.20  mVw:  L - (0.250  mMcos36.9°f:  . sm  36.9“ />. 

Execute:  (■)  £ - (p « 8)  L = (4.20  m'%)i  -((0. 120  Ttf  - (0.220  T ) j- <0.0900 T\k)  L. 

£ -)( 0.378  Vm )j- (0  924  V.'m )*)•  ((0.250  mMens  36.9°i: . sin 36.9"/ l). 

£ - (0.37K  V i'mKO.250  m)sin369°  - 0.0567  V. 

<l»)  The  higher  potential  end  is  the  end  to  which  positive  charge*  in  the  rod  arc  puslxd  by  the  magnetic  forec. 
v * B has  a positive  v-component.  so  the  end  of  the  rod  marked  * in  Figure  29.66  is  at  higher  potential 
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29.67. 


29.68. 


Evaluate:  Since  v * B has  nonzero  j ami  k components,  ami  /.  has  nonzero  i ami  / components.  only  the 
k component  of  B contributes  to  £.  In  tad.  fcl-  |r,4jJ- (420  nV*X0.0900  TK0.250  m> nn  36.9°  = 0.0567  V. 


IDENTIFY:  Use  Eq.(29.IO)  to  calculate  the  induced  electric  field  at  each  point  and  then  use  F - ifE 
Set  ip: 

Apply  -di  - - 1Ll±  to  a cocxentnc  circle  of 

radius  /*.  ax  shown  in  Figure  29.67a.  Take  A to 
be  into  the  page,  in  the  direction  of  B 

Figure  29.67a 

EXECUTE:  B increasing  then  gives  — ^ > 0.  so  |£ •di  is  negative.  This  nxans  tliat  E is  tangent  to  the  circle 
the  counterclockwise  direction,  as  shown  in  Figure  29.67b. 

£ 


lli-dl  - -£<2.rr) 


dt 


Figure  29.67b 


, aa  an 

-E(2xr)  - -jr r — so  E - ir — 
dt  * di 

uxnt  a The  induced  electric  field  and  the  force  on  a arc  shown  in  Figure  29.67c 


Figure  29.67c 


F-qE-lqr— 

F is  to  the  left 

( F is  in  th:  same  direction  as  E since 
v ix  positive.  I 


i>ant  b The  induced  electric  field  and  the  force  on  if  are  shown  in  Figure  29.67d. 

F 


f r . dB 
r - - -iff  — 

dt 


F ts  toward  the  top  of  the  page. 


Figure  29.67d 

point  r r - 0 hde.  so  E - 0 and  F - 0. 

EVALUATE:  if  there  were  a conccntnc  conducing  ring  of  radius  r in  the  magnetic  field  rcgxm.  Lcnz's  law  tclH 
us  that  the  increasing  rmgnctic  field  wcmld  induce  a counterclockwise  current  in  the  ring.  This  agrees  with  th: 
direction  of  the  force  we  calculated  for  the  individual  positive  point  charges. 

Idem  it  Y : A bar  moving  in  a mignetic  field  has  an  emf  induced  across  its  ends.  The  propeller  acts  as  such  a bar 
SET  UP:  DitTerent  parts  of  the  propeller  are  moving  at  different  speeds,  so  we  must  integrate  lo  get  the  total 
induced  emf  The  potential  induced  across  an  element  of  length  dx  is  dS  = i Bd\\  where  B is  uniform. 
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29.69. 


Execute:  (a)  Call  x Ihc  distance  from  the  center  to  an  element  of  length  dx%  and  /.  the  length  of  th:  propeller. 

rLl 

The  speed  of  Jx  is  .tm  giving  d£  = xBdx  - xt&Bdx.  £ - J xtoBdx  - eaBL’fo. 

(to)  The  potential  ditVererxc  is  zero  since  the  potential  is  the  same  at  both  ends  of  the  propeller. 

(,)  0.50- 10"  T)£^lL-5*xl0"  V- 058  mV 


EVALUATE:  A potential  difference  of  about  i mV  is  not  large  enough  to  be  concerned  about  in  a propeller. 
IDENTITY:  Follow  the  steps  specified  in  the  problem. 

SET  UP:  The  electric  field  region  is  sketched  in  Figure  29.69. 


Exec  he 


r • - i/<t> 

)Ed!  If  B is 


constant  then 


-u,  so 


dl  -0 


f E di^E^L-E_L^. 


Sul 


£j  - 0 . so  E+L  - 0.  But  since  we  assumed  EmS  * 0.  this  contradicts  Faraday’s  law.  Thus,  we  can’t  have  a 
uniform  electric  field  abruptly  drop  to  zero  in  a region  in  which  the  magnetic  field  is  constant. 

EVALUATE:  If  the  magnetic  field  in  the  region  is  constant,  then  the  integral  ^E  dl  must  be  zero. 


E *0 


Figure  26.69 

29.70.  IDENTITY  and  SET  Up:  At  the  terminal  speed  vM  the  upward  force  Ft  exerted  on  the  kiop  due  to  the  induced 
current  equals  the  downward  fevee  of  gravity:  F,  - mg.  Use  I:q.(29.6)  to  find  the  indueed  cmf  in  the  side  of  the 
loop  that  is  totally  within  the  magnetic  field.  There  is  no  indiared  cmf  in  the  other  sides  of  the  loop. 

Execute:  € = Bvx%  / - B\xt  R and  F.  ^ UB  - ffVw  R 
B*s\  . mgR 

-r^^v’mT7 


A d'  ird‘ 

Using  these  expressiems  for  m and  R gives  %\  = 16 p^p^g  / B' 

EVALUATE:  Wc  know  pm  - 8900  kg  m'  (Table  14.1)  and  *1.72x10  * fl-m 
(Table  25.1).  Taking  B - 0.5  T gives  v,  - 96  envs. 

29.71.  Identity:  Follow  the  Steps  specified  in  the  problem. 

SET  UP:  (a)  The  magnetic  field  region  is  sketched  in  Figure  29.71. 

Execute:  (to)  js  dl  -0  (no  currents  in  the  region).  Using  the  figure,  let  B - Bj  for  y < 0 and  £ = 0 for  y > 0. 

J B dl  * B^L  - B^L  - 0 but  - 0.  B^L  - 0.  hut  B ^ * 0.  This  is  a contradiction  and  violates  Ampere’s  Law. 

EVALU  ATE:  Wc  often  describe  a magrxiic  licld  as  being  confined  to  a region,  but  thts  result  shows  that  the  edges 
of  such  a region  can’t  be  sharp. 

jf-i) 


0 


Figure  29.71 
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29.72. 


29.73. 


29.74. 


iDEMIfrY  oik!  SET  L’P:  Apply  Ohm's  law  to  tlx  diclcctrx  to  relate  tlx  current  in  the  dielectric  to  the  chirge  on 
the  plates.  Use  Ilq  < 25. 1 1 for  the  current  and  obtain  a differential  equation  for  q(t).  Integrate  this  equation  to  obtain 
q{t\  and  j(*X  Use  E -qUA  and  Eq.(29.I6)  to  calculate  j ^ 

Execute:  (a)  Apply  Ohm's  law  to  tlie  dielectric:  flic  capacitor  is  sketched  in  Figure  29.72. 


f‘f 


C d 


Figure  29.72 


Kc,A 


<iv<y 


The  resistance  R of  tlx  dielectric  slab  is  R - pdf  A.  Thus  i(i)  - 1111  1 2lll_  jj  — I - 1,1,1  . But  the  current  j(fl 


R \K^A){pd)  Ktp 

in  the  dxlcctric  is  related  to  the  rate  of  change  dq'dt  of  the  charge  q{i\  on  tlx  plates  by  #{i)  - -dq'di  (a  positive  / in  the 
direction  from  the  ♦ to  the  plate  of  the  capacitor  corresponds  to  a decrease  in  the  charge).  Using  this  in  the  above 


gives 


A/*, 

f 4 

lime  / when  the  charge  is  q(t).  I 

Ml  <1 


dq  di 

t ).  — - - Integrate  both  sides  of  this  equation  fn>m  / - 0.  where  q - 

q Kpt, 


later 


r(/)  — - — - = 

dt  I Kpu 


the  negative  plate  of  tlx  capacitor. 


a "b* '/x,; 


,nd  ' 


1 :ki\ 


' / A%  and  b - — - I — : c 1 ***.  Tlx  conduction  current  flows  from  the  positive  to 


€A  K^A 

. dr.  dE  __  dqitVdt  Ut) 

Tlx  minus  sign  means  that  is  directed  from  tlx  negative  to  the  positive  plate  E is  from  to  but  dE'dt  is 
negative  {E  decreases i so  yD(/)  is  from  to  ♦ . 

Evaluate:  There  rs  no  conduction  current  to  and  from  the  plates  so  the  concept  of  displacement  cuncnL  with 

• * 

y„  = —j  in  the  dielectric,  allows  the  cuxrertf  to  be  continuous  at  tlx  capacitor. 

iDEMltY : The  conduelion  current  density  is  related  to  the  electric  field  by  Ohm’s  law*.  The  displacement  current 
density  is  related  to  the  rate  of  change  of  the  elcctnc  field  by  Eq.(29. 16). 

Stir  UP:  dEd(  - cos otf 


Execute:  (a)/,  (max) 

p 2300  Cl- m 


,.96.10' Am- 

p 2300  n-m 

(b>  /0<max)  - f, | iL  j -t.toEo  - 2 - 2.t<,(1’0  ll/»0.450  V'm)-l.,IO  . 10"  A m1 

(c  > If  J,  - >0lbcn  — - jml  10 — — - 4.91 .10  rad  s 

P /*. 

I.Q.x.0-^ 

2.7  2z 

Evaluate:  (dl  The  two  current  densities  are  out  of  phase  by  90°  because  ooc  has  a siix  function  and  the  other 
has  a cosine,  so  the  displacenxnt  current  leads  the  conduction  current  by  90°. 

I DE\'  I IF  Y : A current  is  induced  in  the  loop  because  of  its  motion  and  because  of  this  current  the  magnetic  field 
exerts  a torqix  on  the  loop. 

SET  UP:  Each  side  of  the  loop  has  mass  m.'  4 and  the  center  of  mass  of  each  side  is  at  the  center  of  each  side.  The 
flux  through  tlx  Ireip  is  <t> , - BA  cosd. 
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29.75. 


29.76. 


Execute:  (a)  ra  = £r44  * mg  summed  over  each  leg. 

2 A 4r 


, " MW 


r - ' cat  (dorkwucl. 


jr>  B - JAB sin  o (counterclockwise). 


f - - — il_i.lL. ^ ^ ^ .run?  iilllisinf).  The  current  is  going  counterclockwise  looking  to  the  -k  direction. 

R R di  R <J(  R 


Therefore.  r . 


B’A’m 


B' l*  m . . . mvl.  B’L*m  . . 

in‘  <y sin*  &.  The  net  torque  is  r cosd~ sin*  opposite  to  the 


direction  of  tlx  rotation. 


(b)  r - /«(/  being  the  moment  of  inertial.  About  thi%  axis  / — —uiL . nercforc, 


(/ 

5 ml 

EVALUATE:  (c)  The  magnetic  torqix  slop's  down  the  fall  t Knee  it  opposes  the  gravitational  torque). 

(d)  Some  energy  is  lost  through  heat  from  the  resistance  of  the  loop. 

IDEVYIFV:  Apply  1:4(29. 10k 

SET  UP:  Use  an  integration  path  that  is  a circle  of  radius  r.  By  symmetry  the  induced  electric  field  is  tangent  to 
this  path  and  constant  in  magnitude  at  all  points  on  the  path. 

Execute:  (a)  The  induced  electric  field  at  these  points  is  shown  in  Figure  29.75a. 

(b)  To  work  out  the  amount  of  the  electric  field  that  ts  in  the  direction  of  the  loop  at  a general  position,  we  will  use 

£ £ fcos  0 

the  geometry  shown  in  Figure  29.75b.  - EcoiO  hut  E ; Therefore. 

6 * * 2.rr  2xlafco*0)  2m 


2. Til  dt  dt  di 


7«i 


K*  0 dt 


_ xa1 *  dB  adB  _ . . 

so  . This  is  exactly  the  value 

dt  2 dt  ’ 


for  a nng.  obtained  in  Fxenrise  29.30.  and  has  no  dependence  on  tlx  part  of  the  loop  we  pxk. 
(O  <030  m>;(0.0|50T.'*>  A 


K R 


• ; 


w 


1 - 1.75.10'  V.  Bui  there  a patcnlul  drop  V - //?  - -1 .75  « 10"*  V, 

h n dt  8 

so  the  potential  ditTcrcncc  is  zero. 

EVALUATE:  The  magnitude  of  the  induced  cmf  between  any  two  points  equals  the  magnitudes  of  the  potential 
drop  due  to  the  ament  through  the  resastance  of  that  portion  of  the  loop. 


F igure  29.75 


iDEVnrV:  Apply  I;q.< 29. 10). 

SET  Up:  Use  an  integration  |Mth  that  is  a circle  of  radius  r.  By  symmetry  the  induced  electric  field  is  tangent  to 
this  path  and  constant  in  magnitude  at  all  points  on  the  path. 

EXECUTE:  <a)  The  induced  cmf  at  these  points  is  shown  in  Figure  29.76. 

(b)  The  induced  cmf  on  tlx  sxle  »*•  is  zero,  because  tlx  electric  field  is  always  perpendicular  to  the  line  or. 

<c>  To  calculate  the  total  emf  in  the  loop.  £ = 11^1  - .(—  - I*  — £ - (0.20  m)3<0.035  T.'s)  - 1.40*  10  V. 

dt  dt  dt 
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29.77. 


29.78. 


<e)  Since  the  loop  is  uni  form,  the  resistance  in  length  ac  is  one  quarter  of  the  total  resistance.  Thcrrfarc  th: 
potential ditlcrctvc  between  a and  c is  \\  - IR^  -<7.37x10  4 A«  1-90Q/4)  = 3.50x10  4 V and  the  point  a b at  a 
higher  potential  since  the  current  is  flow  ing  from  a to  c. 

Evaluate:  This  loop  his  the  sarm  resistance  as  the  locp  in  Challenge  Problem  29.75  and  the  induced  current  is 
the  same. 


IDEMIFY:  The  motion  of  the  bar  produces  an  induced  current  and  that  results  xn  a magnetic  force  on  the  bar. 

SET  Up:  is  perpendicular  to  B . so  is  hori/cmtal.  The  vertical  component  of  the  normal  force  equals  mg  cos  p. 

so  the  horizontal  component  of  the  normal  force  equals  mg  tan,. 

fXJXllIE:  (a)  As  the  bar  starts  to  slide,  the  (lux  is  decreasing,  so  the  current  flows  to  increase  the  flax,  which 

LB  LB  LB  di  LB'  vL'B1 


means  it  ( lows  from  u to  b.  J\  - iLB 1 - 


R d 


B — 1 vr.  cos  pi  - 

R ill  R 


cosO.  At  the  terminal 


speed  the  horizontal  forces  balance,  so  mg  tan,  — ! cos,  and  r.  = 

R LB'  cos, 


lc>  r = £ - - Ul±  . V cos,)  vLBm+  - 

R R di  R di  R R LB 


EVALUATE:  The  power  in  part  (c)  equals  that  in  part  I d),  as  is  required  by  conservation  of  energy. 

IDEMIPY:  Follow  the  steps  indicated  in  the  problem 

SET  Up:  The  primary  assumption  throughout  the  problem  is  that  the  square  patch  is  small  enough  so  that  the 
velocity  is  constant  over  its  whole  area,  that  is.  v = <ur  * frxl. 


EXECUTE:  (a)  o ->  clockwise.  B -*  into  page  £-\BL  - tadBL . / - — - — - since  vxB  points 

R pL  p 

todBLt 

outward.  A is  just  the  cross-sectional  area  tL.  Therefore.  / - flowing  radiallv  outward  since  t < B points 


oulwuni 


<b)  x —d  * F and  FA  — IL*  B - l l.B  punting  countcrcloekwise.  So  r - painting  out  of  the  page  la 

P 

counterclockwise  torque  opposing  the  clockwise  rotation!. 

(c)  If  m—>  counterclockwise  and  B — * into  page,  then  / -*  inward  radially  since  **  * B points  inward, 
r — * clockwise  (again  opposing  th:  motion).  If  co  ->  counterclockwise  and  B ->out  of  the  page,  then  / ->  radially 
outward,  r clockwise  (opposing  th:  motion) 

The  magnitudes  of  / and  r are  the  same  as  in  pari  (a). 

Evaluate:  In  each  ease  the  magnetic  lorquc  due  to  the  induced  current  opposes  the  rotation  of  th:  disk,  as  is 
required  by  conservation  of  energy. 


Inductance 


30 


30.1.  IDENTIFY  and  SET  11  p:  Apply  Eq.(30.4). 

Execute:  (a)  fcU  W ^ (A.2S*  IQ  4 HH8A0  As)  ^ 0.270  V;  yes,  it  is 


(b>  |£|=  M -ji  ; A/  is  a property  of  the  pair  of  coils  so  is  the  same  as  m part  (a).  Thus  |fc*  | - 0.270  V. 

EVALUATE:  The  induced  cmf  is  the  same  in  either  ease.  A constant  di  iit  prodiares  a constant  cmf. 

30.2.  IDENTIFY:  £x  - M ^ and  t\  - .1/  — . U - . when:  is  the  flux  through  one  turn  of  the  secood 

At  Aj 

coil. 

Si: I UP:  A / is  the  same  whether  we  consider  an  cmf  induced  in  coil  1 or  xn  coil  2. 

EXECUTE:  (a)  M - . ‘ , - ■ - - 682x10  ' II  - 6 .82  nil 

|\i.  -V|  0.242  A/C 

■WL_,6.S2-l|)  'lhl.^A>027>|0|  Wb 
J1  A'j  25 

(r)  e,  -M  -(6.82x10  IIM0.360  An) - 2.46-  10  V- 2.46 mV 

EVALUATE:  Wc  can  express  A/ either  in  terms  of  the  total  flux  through  one  coil  produced  by  a current  in  the 
other  coil,  or  in  ternw  of  the  cmf  induced  in  ooc  coil  by  a changing  current  in  the  other  cool. 

30..3.  Identify  : Replace  units  of  Wb,  A and  Cl  by  their  equivalents. 

SETUP:  I Wb  -IT-  m\  lTdM‘(A*m).  INm-IJ.  !A  = lC/s.  IV-1JC.  I V/A  * 1 Cl 
Execute:  1 1 1 = I Wb A - 1 T m' A - 1 N m ■■  A’  - I J'A*  - I (J.JA • C]|t  ^ 1 (V/A|»  = 1 0 •». 

Evaluate:  Wc  may  use  whichever  equivalent  unit  is  the  most  convenient  in  a particular  problem. 

30.4.  Idf  nufv:  Changing  flux  fn>m  one  object  induces  an  cmf  in  amthcr  object. 

(a)  SEI  Up:  The  magnetic  flekl  due  to  a solenoid  is  B - /i/i/. 

Execute:  The  above  formula  gives 

(4**10  : T m A)(300K0.I20  A) 


-L.BlxlQ  4 T 


250  m 


Tlie  average  flux  through  each  turn  of  the  inner  solenoid  is  therefore 

«!>_,  = fl,.-!  =<1.81x10  * T|.r(0.0l00  ml1  -5.68x10'  Wb 
(b)  SET  Up:  The  flux  is  the  same  through  each  turn  of  hath  solcnoxls  due  to  the  geometry,  so 


(25||5.6Sxl0  * Wb) 

Execute:  A/  = 1 -1.18x10  ' II 

0.120  A 


|c)  SET  UP:  The  indixed  cmf  is  £ - -Si  — 


Execute:  ^=-(U8xHT*  ii|(I7S0  As>=-0.0207  v 
EVALUATE:  A mutual  inductance  around  1 0 II  is  not  unreasonable. 


AO-I 


36-2  Chapter  JO 


30.5. 


30.6. 


30.7. 


30.8. 


30.9. 


30.10. 


30.11. 


IDENTIFY  and  Si.  1 11 P:  Apply  Eq.(30.S). 

_ . . ,,  .V  O.,  400(0.0320  Wb)  t fl 

Execute:  <a)  a/ 1- 1.96  II 


(b)  .1/  — — so  <l> 


\ 6.52  A 

Mi , (I.96IIK2.S4  A i 


- 7.1 lx  10  Wb 


EVALUATE:  .1/  relate*  the  current  in  one  coil  to  the  flux  through  the  other  coil.  Eq.<30.5)  shows  that  .1  / is  the 
name  Uk  a pair  of  coils,  no  matter  which  one  has  the  current  and  which  ooc  lias  the  flux. 

IDEMIFY : A chan  cine  current  in  an  inductor  induces  an  emt’in  it. 


(a)  SEE  UP:  The  self- inductance  of  a toroidal  solenoid  is 


r.M!d 


It  r 


EXECtlE:  £■  lT-|l:  1 ■ 7.8lxIO-  „ 

2.T10.0400  m) 


(It)  SET  Up:  The  magnitude  of  the  induced  emf  is  £ - /.  _ 

5.00  A - 2.00  A 


Execute:  ^(t.kixIO « n|;  5l,:>  A :,<,  A 

V 3.00x10  * 


-Q.7S  V 


3.00x10  s 

(c)  The  current  is  decreasing,  so  the  induced  emf  will  be  in  the  same  direction  as  the  current,  which  is  from  a to  b, 
making  b at  a higher  potential  than  a. 

EVALUATE:  This  is  a reasonable  value  for  self- inductance,  in  the  range  of  a mil. 


Ai 

iDf.MIIY:  £-/.  I — 

,Af 

SETUP:  — -0.0640  As 
Af 

r 

Execute:  (a)  /.  - 


Cl  .01 60  V 


0.250  li 


A/VA/  0.0640  A s 


|b>  The  average  flux  through  each  turn  ..  *),  - £ - - — 1M  ":"±  . 4.50- 10  ' Wb. 

Evaluate:  The  self-induced  emf  depends  on  tlie  rate  of  change  of  flux  and  therefore  on  the  rate  of  change  of 
the  current,  not  on  the  value  of  the  current. 

IDEVIIEY:  Combine  the  two  expressions  for  L L - *V<f>*/i  and  L - £i(di'dt). 

SET  Up:  <1>„  is  the  aserage  flux  throuuh  one  turn  of  the  solenoid. 


[12.6x10  ‘ VKl  -40  A) 


- 238  turns. 


Execute:  Solving  for  iV  we  have  A'  - £i&Jdi!dt)  - 

(0.00285  Wb  H 00260  A Vs) 

EVALUATE:  The  induced  emf  depends  on  tbe  tinx  rate  of  change  of  the  total  flux  through  the  solenoid. 
iDl.villY  and  SrrUP:  Apply  |£|  - j7|  Apply  Lcnz's  bw  to  determine  tbc  direction  of  the  induced  emf  m 

(lie  coil. 

Execl'TE:  (a)  |£|“  Hdldt)  * (0.260  11X0.0180  Ai‘%)- 4.68 > 10  ' V 

( l> ) Terminal  a is  at  a higher  potential  sinre  tb:  coil  pushes  current  through  from  bio  a and  if  replaced  by  a 
battery  it  would  have  tlx  *f  terminal  at  a. 

Evaluate:  The  induced  emf  is  directed  so  is  to  oppose  the  decrease  in  the  cuircnt. 

Identify:  Apply  £ - 

SET  Up:  Tbe  indured  emf  points  from  low*  potential  to  high  potential  across  the  inductor. 

EXECUTE:  (a)  The  induced  emf  points  from  b too.  in  the  direction  of  the  current.  Therefore,  the  current  is 
decreasing  and  the  induced  emf  is  directed  to  oppose  this  decrease. 

(b)  |£|  - /.|.\i.' Ai|  so  |A>  Ar|=  VJL  - (1.04  V)/(0.260  11)  - 4.00  A/s.  In  200 s the  decrease  in  r is  8.00  A and  the 
current  at  2.00  s is  12.0  A -8.0  A - 4.0  A. 

Evaluate:  When  th:  current  is  decreasing  the  end  of  tbe  inductor  where  the  current  enters  is  at  the  lower 
potential.  This  agrees  with  our  result  and  with  figure  30.6d  in  tbc  textbook. 

IDENTIFY  and  SET  Up:  Use  Eq.(30.6)  to  relate  /.  to  the  flux  through  each  turn  of  the  solenoid.  Use  Eq.(28.23)  for 
the  magnetic  field  through  the  sotenood. 


Inductance  30-3 


30.12. 


30.13. 


30.14. 


30.15. 


V<|> 

Execute:  L - - — It* the  magnetic  field  is  uniform  inxidc  the  solenoid  <1>  - BA.  From  Eq.<2S.23), 


ti  ^ u.nv 


EVALUATE:  Our  result  is  the  san*:  » L for  a torodial  solenoid  calculated  in  Example  30.3.  except  that  the 
average  circumference  2xr  of  the  toroid  is  replied  by  the  length  / of  the  straight  solenoid. 

IDEVHEY  and  SETUP:  The  stored  energy  i*  V-yU:  The  rale  al  which  thermal  energy  U developed  is 
Execite:  (a)  t/=ii/;=j<l2.0  11X0.300  A)*' =0.540  J 
(b)  P=  l:R  = 10.300  A);(180  ill  = 16.2  W = 16.2  Sl% 

EVALUATE:  (c)  No.  If  / is  constint  then  the  stored  energy  V is  constant.  The  energy  being  consumed  by  the 
resistance  of  the  inductor  comes  from  the  emt*  source  that  maintains  the  current;  it  does  not  come  from  the  energy 
stored  in  the  inductor. 

IDENTITY  and  SETUP:  Use  Fq.<30.9|  to  relate  the  energy  stared  to  the  induc!aix:e  Example  30.3  gives  the 
inductance  of  a toroidal  solenoid  to  be  L - — . so  once  we  know  L we  can  solve  for  N. 


(120  A)~ 


iV- 


IsrL 


2.t«U50  m)5.417x  It)  ||> 


- 2850. 


fj,A  \(4.tx10  T*nvA)(5.00xl0  m*> 

Evaluate:  L and  hence  V increase  according  to  the  square  of  N. 

IbENIlfrY : A current •carrvine  inductor  Els  a magnetic  field  inside  of  itself  and  hence  stores  magnetic  energy. 


(a)  SET  Up:  The  magnetic  field  insid:  a toroxlal  solenoid  is  B 


V.V7 

Ixr 


Exec  lit: 


^,(300X5.00  Al 
2,r(0. 120  m» 


2.50x10  ‘ T - 2.50  ml 


(b>  SET  Up:  The  self- inductance  of  a toroidal  solenoid  is  L 


2.t;* 


Exec  m.:  /. -11*' ~ 10  ’ ^ Al  """ '4“- 10' ' ,6  0>cl0  > .. 

2t<0.0120  m) 

(c>  SET  Up:  The  energy  stared  in  an  inductor  is  Ul  = ±U: . 

Execute:  u.  = if6.00x  10 ' hh5.(k>  A)3  = 7.50xio * J 


(til  SET  Up:  The  cnergv  density  in  a magnetic  field  is  i<  — 


'-p. 


Execute:  „ <2  SOl“°  ‘ ^ =2.49  lW 

2<4^xl0  TmA) 

( . u energy  energy  ?.S0xl0 ' J 


volume  2.T/.I  2t<0.I20  ml(4.00-10  * nT) 


2 49  I ni' 


Evaluate:  An  inductor  stores  its  energy  in  the  magrxtic  field  invade  of  it. 

IDENTIFY : A current -carrying  inductor  has  a magnetic  tick!  inside  of  itself  and  hence  stores  magnetic  energy, 
(a)  SEE  U>:  The  magnetic  field  inside  a solenoid  k B - fi^\ /. 

EXECITE:  B = ,4f  ‘'"’T  mAK4K>Xa»0  A)  (,  ,61  T 

0.250  m 

B* 

(bl  SET  Up:  The  energy  density  in  a magnetic  field  is  u - - — 

Execute:  u - |l>  |r>1  1 1 ^ l.03xio4  j/m* 

2<4.txI0  T*n>'A) 

(c>  SET  Up:  The  total  stored  energy  is  V - uV. 

Execute:  t/=«K  = n<//f>  = (1.03xl04  3'm*X0.250m)(0.500xl04  m: ) = 0. 1 29  J 
(ell  Set  UP:  The  energy  stared  in  an  inductor  is  V = +LI2. 

EXECUTE:  Solving  for  /.  and  putting  in  the  numbers  gives 

I ^2f/  = 2,0  .29  Jl=4  2,|0,„ 

/*  (SO.O  A) 

EVALUATE:  An  inductor  stores  its  energy  in  the  magnetic  field  invade  of  it. 


3*4  Chapter  M> 


30.16. 


30.17. 


30.18. 


30.19. 


Identify:  Energy  - Pi . U - i/J*. 

Set  Up:  /*  - 2(0  W ^ 200  S/% 

Execute:  (a)  Energy  = (200  W)<  24  hK3600  ill)  « 1.73x1 01  J 

W Ii^‘^M“oAV,a5j4,Xl°l  H 

Evaluate:  A large  value  of/,  and  a large  current  would  be  required,  just  for  one  light  bulb.  Also,  the  resistance 
of  the  inductor  would  have  to  be  very  small,  to  avoid  a large  P - I'R  rate  of  electrical  energy  low. 

IDENTIFY  and  SET  up:  Starting  with  Eq.  (30.9),  follow  exactly  tlx-  same  steps  as  in  the  text  except  that  the 
magnetic  permeability  it  is  used  in  place  of  fiy 

_ ....  „ pW  . & 

Execute:  Lsing  L and  B gives  u . 

2 xr  2 jzr  2 ft 

Evaluate:  For  a given  value  of  Bs  the  energy  density  is  less  when  ft  is  larger  than  //  . 

Identify  and  SE r IIP:  The  energy  density  (energy  per  unit  volume)  in  a magnetic  field  I in  vacuum  I is  given  by 

u-- — (Eq.30.10). 

V 2m, 

Execute:  yy.W  .***'»' 

B ■ (0.600  T) 

|b)  u*L  = JL 

y 2m, 


II 


2 uU  12(4? x 10  T in  A |(  .1.60x10’  J) 


10.400  ml 


9T 


EVALUATE:  l.argc«scak:  energy  storage  in  a magnetic  field  is  not  practical.  Tlx*  volume  in  part  (a)  is  quite  large 
and  the  field  in  part  (b)  would  be  very  difficult  to  achieve. 

Identify  : Apply  KirchhotVs  loop  rule  to  the  circuit.  Rt)  is  given  by  liq.l 30. 14). 

SET  UP:  Jbc  circuit  is  sketched  in  Figure  30. 19. 

i = I (t 


cn 

' Vt 

Figure  30.19 


— is  positive  as  the  current 

increases  from  its  initial  valix  of  zero 


EXECUTE:  0 

£-iR-L—=0*o,  = L[\-e  '*  ,u 
dt  R 


(a)  Initially  (f  - 0),  r - 0 
di  £ 6.00  V 


r-i£. 


’40  As 


dt  L 2.50 1 1 

(b)  £ —fit— 1—  - 0 (Use  this  equation  rallx-r  than  Eq.(30. 15)  since  / rather  than  / is  given.  I 
dt 

rhu,  £ - £i£ - 61X1 ''  - <0-MI°  AHS 00 0800  A/. 
dt  L 2.50  II 

(c>  , , £(  | j j!££  J( I _ ,•»-«■*» ■».)  . 0.750  All  - c *-)  - 0.4 1 i A 

( <1  > Final  tfcady  state  means  t and  — -»  0.  %o£  -tR  -0. 


,_£-£^0.7S0A 

R 8.00  a 


EVALUATE:  Our  results  agree  with  Fig. 30. 1 2 in  the  textbook.  The  current  is  initially  zero  and  increases  to  its 
final  value  of  £R.  The  slope  of  the  current  in  the  figure,  which  is  di/di.  decreases  with  /. 


Inductance  30-5 


30.20. 


30.21. 


30.22. 


30.23. 


30.24. 


30.25. 


KDEM1TY : The  current  decay s exponentially. 

SET  UP:  After  opening  the  switch,  the  current  is  i = /«r  *l,  and  the  time  constant  « r - L !R. 

Execute:  (a)  The  initial  current  is  /,  - (6.30  V)(  150  ft)  - 0.420  A.  Now  solve  for  /.  and  put  in  the  numbers. 


D.2 1 0 A 
D.420  A 


(b>  r-  UR  - (43.3  rallM  15.0  ft)- 2.89  m* 

(c)  Solve  /-  !%c  lJ  ft»r  /.  giving  t - -rlnfiV/,) - -(2.89  ms)ln(0.0100)  - 13.3  ms 
EVALUATE:  In  less  than  5 time  constants,  the  cunent  is  only  1%  of  its  initial  value. 
IDEM1TY:  j - £fR{ I -c  ’ with  r - UR.  The  energy  stored  in  th:  inductor  is  V - ±Li\ 

SET  UP:  The  maximum  cunent  occurs  after  a long  time  and  is  equal  to  UR. 

EXECUTE:  (a)  i - UR  so  i - r /2 when  4 1 -e")-l  and  c * - i.  -t  z - lnl i). 


/-In  2 l In  2K I -25  * 10  ll> 


17.3  ns 


R 50.0  ft 

(b)  U-tV^  when  l-e^al/JI.  so  c v -1-I/J5  ^0.2929.  r = -/.ln(0.2929).'rt  - 30.7 /at. 

Evaluate:  r - LR  - 2.50 x 10  1 s - 25.0  >«.  The  time  in  part  (a)  is  0.692r  and  the  time  in  part  <b)  is  1 23r. 
IDENTITY:  With  $ closed  and  5t  open,  i(/>  is  given  by  Ef}(30.14).  With  S,  open  and  closed,  i(/>K  given 
by  Uq.(3l).  IS). 

SET  Up:  U - After  .V  has  been  closed  a long  time,  i his  reached  its  final  value  of  / - UR. 


Exec  t tl 


TE:  (a  )V-lU:  and  / - ‘iL  - - 213  A e s /*  = <213  AXl20ft)  = 256  V. 


(b)  i - and  c 

f^-±h(4)  = -al:5li  l.(4)-3.32xl0,». 

2/?  2(120ft) 

Evaluate:  r- /../?- 9.58x10  4 s.  The  time  in  part  (b)  is  rln(2)/2  =OJ47r. 

IDENTITY  : l h«  units  of  II  and  R has  units  of  ft  . 

Setup:  IIUIOs 

EXECUTE:  Units  of  1.7?  - H/ft  - (ft  s)/ft  - s - units  of  time. 

Evaluate:  Rt'L  * r is  dimensionless. 

I dimity:  Apply  the  loop  rule. 

SET  Up:  In  applying  th:  loop  rule,  go  around  the  circuit  in  the  direction  of  the  current.  The  voltage  across  the 
inductor  is  -Ldiidt. 

Execute:  -Ldildt - iR  = 0.  - - i iL  gives  j j I If  and  fci(i//0)  - -£/.  r = /,c  ,,Al*. 

EV  ALUATE:  difdt  is  negative,  so  there  is  a potential  rise  across  the  inductor,  point  c is  at  higher  potential  than 

potnt  b.  Th^c  is  a potential  drop  ocrots  th:  resistor. 

IDENUTY:  Apply  the  concepts  of  current  decay  in  an  R-l.  circuit.  Apply  the  loop  rule  to  the  circuit.  i(f)  is  given 
by  I:qX30. 18).  The  voltage  across  the  resistor  depends  on  i and  the  voltage  across  the  inductor  depends  on  di'dt. 
SET  UP:  The  circuit  with  St  closed  and  5a  open  is  sketched  in  figure  30.25a. 

e 

q 

£-iR-L—= 0 


11 


Figure  30.25a 

Constant  current  established  means  — 0. 

dt 

Execute:  i - £ - - 0.250  A 

R 240  ft 


3*4  Chapter  30 


30.26. 


30.27. 


(a)  St. I l>:  The  circuit  wilh  .V  closed  and  .V  o«xn  « shown  in  Figure  30.25b. 


1 = V 

^ ^ At  #-0, 1 =/,  =0.250  A 

Fit*a re  30.25b 

The  inductor  prevents  an  instantaneous  c hinge  in  the  current;  the  current  in  the  inductor  just  after  S:  is  cloved  and 

.9,  is  opened  equils  tlx  current  in  the  inductor  just  before  this  is  done. 

lb)  Execute:  i = * - (0.250  a y 01,0  4 i(0.25O  Ay  °~* = 0.137  A 

(c>  Set  Up:  See  Figure  30.25c. 


Figure  30.25c 

EXECUTE:  If  we  trace  around  the  loop  in  the  direction  of  the  current  the  potential  falls  as  we  travel  through  the 
resistor  so  it  must  nse  as  \%e  paw  through  tlx  inductor,  > I)  and  < 0.  So  point  c is  at  higher  potential  than 
poont  b. 

>;  + ^ - 0 and  = -v* 

Or.  Ka  = * i*  - (0. 1 37  A)(240  C2)  ^ 32.9  V 

Id>  r = V*'" 

»-4/.  «>«*  and  W'“' 

Taking  natural  logs  of  both  sides  of  this  equation  gives  ln(i)  - -Rif  L 
'0.16011 


240  12 


ki2-4.62x  0"  s 


Evaluate:  The  current  decays,  as  shown  in  Fig.  30. 1 3 m the  textbook.  The  time  constant  is  r - LR  - 6.67  * 1 0 4 x. 
The  values  of  / in  the  problem  are  lets  than  one  time  constant.  At  any  instant  the  potential  drop  across  the  resistor 
(in  the  dirccticei  of  the  current)  equals  the  potential  rise  across  the  inductor. 
iDEMltY : Apply  liq  <30  14k 

SET  Up:  - iR.  vK  — L — . The  current  is  increasing,  so  dfdt  is  positive. 

dt 

Execute:  (a)  At  / = 0.  i - 0.  v*  - 0 and  vK  - 60  V. 

(b)  As  / -♦  oo,  i->  OR  and  di:  dt  -♦  0.  v*  ->  60  V and  vK  -♦  0. 

(c>  When  j = 0 1 SO  A.  va  = iR  = 36.0  V and  vK  ^ 60.0  V - 36.0  V ^ 24.0  V. 

Evaluate:  At  all  times.  £ = v * + vu%  as  required  by  the  loop  rule. 

IDENTIFY:  j</>  is  given  by  Eq.(30. 14 1. 

SET  Up:  Tbc  power  input  from  the  battery  is  £i.  The  rate  of  dissipation  of  energy  in  the  resistance  is  t'R.  The 
voltage  across  the  inductor  has  nugnitude  Ldi'dt,  so  the  rate  at  whxh  energy  is  being  stored  in  the  inductor  is 
iLdifdt. 

Execute:  (■)  

Pm  (430  WXI  - *',‘a 

|b)  Pt  rni>R  =£'1-,  )•'  - (4.50  WH1  -**»**? 

(c)  P.  miL±  = U I-, 

di  R l L ) R 

/>  =(4.50WHc  ,,>),V-c“4#‘  “). 

Evaluate:  (d  t Note  that  if  we  expand  the  squire  in  part  tb).  then  parts  l b)  and  (c)  add  to  give  pirt  (a  t.  and  the 
total  power  delivered  is  dissipated  in  tlx  resistor  and  indixior.  Conservation  of  energy  requires  that  this  tv  so. 


Inductance  30-7 


30.28. 


30.29. 


30.30. 


iDENlltY:  An  L*C circuit  oscillates.  with  the  energy  goeng  hack  and  forth  between  th:  inductor  and  cap&ritor. 

(a)  SKI'  Up:  The  frequency  is  f - J — and  ea  — . giving  /"  L 

2t  JlC  IzJLC 


Execute:  f - 


2*^ 0.280x10  ''ll)! 20.0x10  F) 


- 2.13*10  llz -2.13  kl 


(b> SET  UP:  n>c  energy  stored  in  a capicitor  ix  U - iCF*. 

Execute:  V =4<200xl0 FKI50.0  V)1  ^0.225  J 

(c)  SET  UP:  T3k  current  m the  circuit  ix  i - -a^sinoT  . and  the  energy  stored  in  the  indixii*  ix  U = ^LP. 
EXECUTE:  First  find  Aland  O.  <u-  2.T /-  1.336  x 104  rad  s. 

Q—  CV- <20.0  x 104FMI50.0  V)  - 3.00  x 10  C 

Now  calculate  the  cuncnt: 

i-  —(1.336  x I0*rad»)(3.00«  10  ’ C)  *in«  1.336  x 10*  radix  1.30  x 10  ' x|] 

Notice  that  the  argument  of  the  sine  ix  in  radians  xo  convert  it  to  drgrccs  if  necexxary.  The  result  ix  i • - 39.92  A 
No*  find  the  energy  In  the  inductor  U = lLi‘  =4(0.280x10  ' I1X-39.92  A)J  =0.22.3  i 

Evaluate:  At  the  end  of  1 .30  ms.  nearly  all  the  energy  ix  now  in  the  inductor,  leaving  very  little  in  the  cafMotor. 
iDEMItY:  The  energy  movex  hack  and  forth  between  the  inductor  and  caparitor. 


(a)  Str  Up:  The  period  is  T 


1 -Zl-2.rJL C. 


/ o:  2t  a) 


Execute:  Solving  for/,  gives 


18  60x10  V -2.50x10  • II -25.0  mil 

4 **C  4^(7.50x10^0 


[b)  SET  Up:  The  charge  on  a capacitor  ix  O - CV. 

Execute:  Q - CV  - (7.50  x io 4 F)(l2.o  V)  - 9.00  x 10  * c 
(c>  SET  Up:  The  stored  energy  ix  V - (P/2C 
(9.00x10 'C)* 

Execute:  U - 5.40xio  J 

2(7.50x10  F) 

( <1 > SET  Up:  The  maximum  current  occurs  when  the  capacitor  ix  dixeharged.  xo  the  inductor  has  all  the  initial 
energy.  L\  +VC ILJ2  + 0-V^. 

EXEC  UTE:  Solv  e for  the  current 


V L \ 2.50x10  • II 


Evaluate:  The  energy  oxcillatex  back  and  forth  forever.  However  if  there  Lx  any  resistance  m the  circuit,  no 
matter  how  small,  all  this  energy  will  eventually  be  divxipated  as  heat  in  the  resistor. 

IDENTIFY:  ne  circuit  is  described  in  Figure  30. 1 4 of  the  textbook. 

SET  UP:  Tlx  energy  stored  in  the  inductor  ix  V - iir  and  the  energy  stored  in  the  capacitor  is  U - q'*2C.  Initially, 


(/.  -^CT*.  with  V - 12.0  V.  The  period  of oscillation  is  7*- 2jt^LC  - 2t^|12.0x  10  * 11X18.0x10*  F)  ^ 2.92  ms  . 
Execute:  (a)  Energy  conservation  says  (/.(max)  - U.  I max  l.  and  i* 


r - \\fcT  - <22.5  V)4|'illiL_L  - 0.871  A.  Th:  charge  on  the  capacitor  is  zero  because  all  the  energy  is  in 


.12x10  * II 

the  inductor. 

(b)  From  Figure  30. 14  in  the  textbook,  q - 0 at  / = 774  - 0.730  ms  and  at  t - 3774  - 2. 19  ms 

(c>  qt  - CV  - (18  fi?){22.S  V)  - 405  uC  is  the  maximum  charge  on  the  plates.  The  graphs  arc  sketched  in 

Figure  30.30.  q refers  to  the  charge  on  one  plate  and  the  sign  of  i indicates  the  direction  of  the  current. 

Evaluate:  If  the  capxitor  ix  fully  charged  at  t - 0 it  ix  fully  charged  again  at  f - 772.  but  with  the  opposite  polarity. 


-0871  A 4A“"“  r\ 


-0*71  Ad  — 

Figure  30  JO 
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30.31. 


30.32. 


30.33. 


IDENTIFY  and  SET  Up:  The  angular  frequency  is  given  by  Eq.(30.22).  qV)  and  i*/)  arc  given  by  Eqs.(30.2 1 1 aixl 
(30.23).  The  energy  stored  in  ihc  capacitor  is  L\  =ICV*  =q^/2C.  The  energy  stored  xn  the  inductor  is  L\  = i/.r\ 


Execute:  (a)  o - 


7lc  J{ 


- 105.4  rad's.  wh»:h  rounds  to  105  rad's.  The  period  is 


, _ 2t  2.r 

civcn  bv  / - 


50  111(6(10  x 10  F) 
- 0.0596  s 


m 105.4  rad's 

(b)  The  circuit  containing  the  battery'  and  capacitor  is  sketched  in  Figure  30.3 1. 

| £-  12.0  V 

1 Q ■ SC  * (120  V)(6.00x  I0‘5  F)  = 7.20x  10  4 C 


G 


f-£. 

C 


Q c 

Figure  30  J1 

|c)  U*±CVl  -^<6.00*10  * FK12.0  V)*-  4.32x10  1 J 
(«l)  q «(>C<H<rur  + ^»  |l:q  30.21) 
q =.  Q at  r = 0 so  = 0 

q - Ocoifot  - (7.20x  10  4 C)eosfl  105 .4  rad  sl(0.0230  s|)  - -5.42 x 10  4 C 

The  minus  sign  means  that  the  capacitor  has  discharged  fully  and  then  partially  charged  again  by  the  current 
maintained  by  the  inductor;  the  plate  thit  initially  had  positive  charge  now  has  negative  charge  and  the  plate  that 
initially  had  negative  charge  now  has  positive  charge. 
it)  r - -o^sinf  <uf  + (Eq.30.23) 

i - -<105  rad  sM7.20xl0  4 C)sin|[105.4  rad  s)  (0.0230  s])  - -0.050  A 

The  negative  sign  means  the  current  is  counterclockwise  in  Figure  30.15  in  the  textbook. 


.'i 


r o' 


■ 'lc~lc  B,ve’ 1 " ^lc^0  "* |Eq-30-6' 

i-*(105  nul  *>^<7.20  • 10'  C):  -(-5.4’xl0  ' C);  = rO.OSO  A.  which  check*. 

IQ  V,  a 245k  HT*  J 

2C  2(6.00-10  ’ FI 

V.  -A U‘  -4(1.50  11)0.050  A)J  -1.87-10  ‘ l 

Evaluate:  Note  Out  Vc  *V,  -2.45-10  ' J *1.87x10  ‘ J -4.32-10  J. 

Thit  agree  with  ihc  total  energy  initially  stored  in  Ihc  capacitc*.  U - £-  - ! — 1 — — - — — _ - 4.32x  10  ' J. 

" ' 2 C 2(6.00-10  F| 

F.nergy  is  conserved.  At  some  times  there  is  energy  stored  in  hath  the  capacitor  and  the  inductor.  When  i - 0 all  the 
energy  is  stored  in  the  capacitor  and  when  q - 0 all  the  energy  is  stored  in  the  inductor.  But  at  all  times  the  total 
energy  stored  is  the  same. 

Identify:  ru-^I^-2^ 

Set  Up:  cj  rs  the  angular  frequency  in  rad  s and /is  the  corresponding  frequetxy  in  11/. 

Execute:  .J,-, 4,8-0  »•  e,-2-37’10  ' " 

(b)  The  maximum  capacitance  corresponds  to  the  minimum  frequeixy. 

C ! — ! 3.67x  10  " F - 36.7  pF 

*x*fLl  4^‘f5.40xl0  llzy (2.37x10  111 

Evaluate:  To  vary/by  a factor  of  three  (approximately  the  range  in  this  problem!.  C must  be  varied  by  a factor 
of  nine. 

ID* Min : Apply  energy  conservation  and  fcqs.  (30.22)  and  (30.23). 

SET  UP:  If/  rs  the  maximum  current  ±U'  - For  the  inductee.  6’^  -y/.i*. 


Execute:  (■>  -Ll:  - ^ giver  Q=ijle  - io.7so  A)J(0.0800  ma.25- 10  * F|  - 7.50- 10 * c 

|b>  n»-  -1—  - 1 I.OOxIO'  nxll.  f - — - 1.S9-  10*  II/. 

yJLC  1(0.0800  1 1 Ml  . 25  x 10  * F)  2.T 


Inductance  30-9 


30.34. 


30.35. 


30.36. 


30.37. 


30.38. 


(c>  q = Q a!  f-0  means  ^ - 0 . j - -uQmiftX) . so 

is -<1.00x10*  rad  s)(7.50xI04  C)sm(|l. 00x10s  mdfc][2.$0xl0  1 %])=  -0.7279  A . 

U:  = llj2  = 4(0.0800  1IK  -0.7279  A)*'  ^ 0.0212  J . 

EVALUATE:  The  total  energy  of  the  system  is  jJJ:  - 0.0225  J . At  / - 150  nts  . the  current  is  close  to  its 
maximum  value  and  most  of  the  system’s  energy  is  stored  in  the  inductor. 

IDENTIFY:  Apply  Eq.<30.25). 

Sir  L'P:  </-(?  when  j-^0.  9 = 0.  \/JTc  = 1917  *\ 

Execute:  (■)  $££,,  Q = i,„-fLC-< 0.850x10  ' Aty'lO.OKSO  Il)|3.20xl0  * F)  = 4.43.10’  C 

|b)  9 - - LC‘  = ^(4.43  . 1 0 ' C r - 1 j ,3SS.I0:C. 

EVALUATE:  The  value  of  q calculated  in  port  (b|  is  less  than  the  maximum  value  O calculated  in  part  <a). 
IDENTIFY:  0-(?cas|AX  ^>aixl  I - -caQsin{co  + p) 

S»:r  L'p:  U.  =2—.  U,  - ILI1  ■ 
e 2C  ‘ ‘ 

Execute:  q 

U.  - Ilf  - ~Lat‘Q'  sin'(M  • -4 — — — — since  ni1  - —r— 

«•>  '•'.u.  - u,  rU>=j - *) * ♦ <•» 

= 7 ^-cos;,<^  1-  <*>  . U s«n'(<uf  - i 2-lcoi'l^  + ^ 

L»'|U4j  is  a constant. 

Evaluate:  Kqx.(30.2 1 ) and  (30.23)  arc  consistent  with  conservation  of  energy  in  the  L-C  circuit. 
d'q 

IDENTIFY : Kvaluate  — - and  insert  into  Kq.f20.20). 
dr 

Set  UP:  Kquat ion  (30.20)  is  UL  - _!_</  - 0. 

df  LC 

Execute:  q - Qcw.{coi  +•  6\  ->  — £ - -cmO  sin icoi  ♦ 4)  ->  2-1 


Qco^cot-ffiy 


12L  -t  — <J  - -tolQ  COS (<0i  r a I + — cosfruf  + 4)  = 09fi»2  - — co  i — ! — 

dr  /.(  * LC  r LC  yjLC 

Evaluate:  The  value  of  l depends  on  the  initial  conditions,  the  value  ofq  at  / - 0 . 

IDENTIFY:  TTie  unit  of  L is  II  and  the  umt  of  C is  F. 

Sir  L'P:  C - 9 I F - 1 C’V.  Ill  ^ I V vA  - I V -s‘lC  ■ 

Execute:  I II  F = (l  Vs'/C*!  C/V)  = I . Therefore.  LChi*  unit!  of  and  JLC  ha*  unit*  or  s. 
EVALUATE:  Our  result  don  that  ot  i*  diincn.\i«nlcM.  since  a - I t~]lC  . 

IDENTIFY:  The  presenee  of  resistance  in  an  L-R-C  circuit  aO’ccts  the  frequency  of  oscillation  and  causes  the 
amplitude  of  the  oscillations  to  decrease  over  time. 

I R‘ 

(a)  SET  Ilf:  The  frequency  of  damped  oscillatxms  is  cd  - J — — . 


Execute:  w 


The  frequency/  is  f - - — 


1 (75.0  nr 

(22.10  11)1150.10  *F)  4(22.10 ' ll| 
5.50  x I04  rad  4 


r - 5.5x10*  rad  s 


-8.76x  10‘  11/  - 8.76  kll/. . 


»/.  21  4 


(b)  SET  Up:  The  amplitude  decreases  as .!(/)  - Ao  e 
EXECUTE:  Solving  f»>r  i anJ  putting  in  the  numbers  gives: 

-21  lrK4/A)  -2(220-10  *H|ln0.100> 


l .35x10°  a - 1.35  ms 


75.0  n 
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3039. 


30.40. 


30.41. 


30.42. 


30.43. 


(c>  Slit  L’P:  At  critical  damping.  R - Ji L C . 


Lxrmc:  R - 


4(22.0x10  ‘ll> 


^ 2420  ft 


15.0x10  F 

EVALUATE:  The  frequency  with  dampang  is  almost  the  same  ax  the  resonance  frequency  of  this  circuit  ( 1 fyjLC  ). 
which  is  plausible  because  the  75«ft  resistance  i%  considrrably  less  tlian  the  2420  ft  required  for  critical  damping. 
iDt.vlltY : Follow  the  procedure  specified  in  the  problem. 


SET  Vf:  Make  the  substitutions  x m -*♦  C,  A ->  /?.  X . 

d*x  b dx  Lx  d:q  R dq  a 

EXECUTE:  ta)Eq.(l3.41):  — -- +—  - 0 . This  becomes  — 1 + — - 0 , which  is  Eq.f 30.27). 

dr  mdt  m dr  L ill  LC 


h 


(b)  Eq.  ( 1 343>:  o>  - J — - — r This  becomes  o - J — : - — ? , which  is  Eq.(30.29). 
4m  t 4/. 


(c>  F.q.  (13.42):  x = Ac i*Mcos(^7  + pi . This  becomes  q - Ac  '*  2l“c<is  (cot  . which  is  Eq.<30.28). 

E' VALLATE:  liquations  (sir  the  C-J?-C circuit  and  for  a damped  harmonic  oscillator  hive  the  sime  form. 
iDl.Min : Foe  part  (a),  evaluate  the  derivatives  as  specified  in  the  problem.  Fee  pari  (b)  set  q - Q in  Eq.(30.2S) 
ind  set  i Iqidi  - 0 in  the  expression  for  dqidt . 

SET  L’P:  In  terms  of  zy* . Eq<3028)  is  q(t)  = Ac' ,Ukan(Art  + *). 

Execute:  (a)  q - Aem'M,*l*m(aft++).  — --/f— c ‘ + 

dr  2 L 

ootltoi  +f)  + 2toA—c  J"'«in( cJi "u'  cMu'h«) 

dr  1 2L  f 2L 


Rdq 


,,  R \ 


R 


— - -t -+■  — - q | ( — ! - M * - — - 1- -0.  so  as  

dr  L di  LC  \\  2 L J 2L  LC  I LC  4 L 

da  dq  R Q 

(b)  At  t -O.q  -Q.j  - — -0.  so  q - Aco%6  -O  and  4cos^- to. i sind  =0  . This  gives  A - — and 


iu 


ll  2L 


cosd 


land  - - 


2 Ltd  2L>J\>LC-Ri  <41: 

Evaluate:  If  R - 0 . then  A - Q and  f-0. 
IDENTIFY:  Evaluate  Eq.(30.29). 

Set  UP:  The  angular  frequency  of  the  circuit  is  trf  . 


Execute:  (a)  When  R - 0.  *>.  - 


-J . 1 298  rad/i. 

yjtC  J(0.450 10(2.50- 10  ' F> 


l>W.«l  — ■0.9S,a» 


... 


J“<.-(0.95)')  = 

K ^ (2.50-10  ‘Ft 


B3.8S1 


Evaluate:  When  R increases,  the  angular  frequency  decreases  and  approaches  zero  as  R ->  2qL>C  . 
IDEMIFV:  /.  has  units  of  11  and  C lias  units  of  F. 

Set  L’P:  1 lUlft  x.  C^qtv  say*  1 F-1CV.  Ksffl* ays  1 V.A-lft. 

11  ftx  ft  V 


EXECUTE:  1 he  units  o(  L ( arc  — 


- ft*.  Therefore,  the  unit  of  JUc  is  ft 


F C/V  A 
1 R‘ 

Evaluate:  For  Eq.(30.2S)  to  be  valid.  — and  -jlr  must  have  the  same  units,  so  R and  yfUc  must  have  the 
same  units,  and  we  have  shown  that  this  is  indeed  th:  case. 

IDENTIFY:  The  emf  S3  in  solenoid  2 produced  by  changing  current  i in  solenoid  1 is  given  by  €l  - A/  — . The 

Af 

mutual  inductance  of  two  solenoids  is  derived  in  Example  30.1 . For  the  two  soletxiids  in  this  problem 
Xt  where  A i*  the  croxs*  sectional  area  of  the  inner  solenoid  and  / is  the  length  of  the  outer  solenoid. 


IlUfcKtMKC  >0.11 


>0.44. 


>0.45. 


>0.40. 


SET  UP:  //,  - 4.T  * 1 0 T • m A . Lc!  the  outer  solenoid  be  solenoid  1 . 

Execute:  u,  W 1 IU02SS,H 


0.500  m 

(2.88*10  7 11X37.5  A/s>  - 1.08x10'*  V 


Evaluate:  If  current  in  the  inner  solenoid  changed  at  37.5  A/s,  the  cmf  indured  in  the  outer  solenoid  would  h: 

I.OSxlO*  V. 

Identify:  Apply  S - -L—  and  LI  - 
i it 

SET  UP:  <1>  rs  the  flux  through  one  turn. 

Execute:  (a)  S ^ -L—  - -<3.50-  10  1 Il>— «0«R0  A>ct»(.T/.lI0.0250 s])X 
dt  di 

S = (3.50 x 10  ‘ lh(0.680  A) — smi.rt , ‘[0.0250 %])  Therefore, 


£ =(3.50x10  ‘ 1100.680  A> 


0.0250  s 


- 0.299  V. 


_ f-v-50*HI  HH0-6S0AI  _s  5>,  . ^ 
*-  N 400 


|c)  SID  ^ - L—  - -(3.50x  10  Tl X0.680  A|(?  0.0250  *frin(j/  0.0250  *). 
dt 

SID-  -10.299  V)rin((l25.6s>)  .Therefore.  ai  i = 0.01  SO  * . 

£(00180 1)  - -(0.209  V)*in(<  125.6*'  MOO  1 SO  i|)  = 0.230  V . The  magnitude  of  the  induced  cmf  i*  0.230  V. 
EVALUATE:  The  maximum  emf  is  when  / -■  0 and  at  this  instant  <J>A  = 0. 

Identity: 

dt 

SET  Up:  During  an  interval  in  which  the  graph  of  i versus  / is  a straight  line,  di:  dt  is  constant  and  cc|ual  to  the 
slope  of  that  line. 

Execute:  (a)  The  pattern  on  the  oscilloscope  is  sketched  in  Figure  30.45. 

EVALUATE:  (b)  Since  the  voltage  is  determined  by  the  derivative  of  the  current.  the  V vervus  t graph  is  indeed 
proportional  to  the  derivative  of  the  current  graph. 


IDENTIFY:  Apply  £ - 

dt 

d 

Set  Up:  — cart ax)  = -nisini  ax) 

Execute:  (a)  S = = -L— ((0.124  A)«u{(240*/4)f). 

dt  dt 

£ = r(0.250  IIM0.I24  A) (240 T/*)sin«240;r/slf)  = r(23.4  V)sm  «240x/s)0 
The  graphs  an:  given  m Figure  30.46. 

(b)  £mt  = 23.4  V;  t = 0.  since  the  cmf  and  current  arc  90:  out  of  pha.vc. 

(c)  r = 0. 124  A:  £ - 0.  since  the  cmf  and  current  are  9CP  out  of  phase. 


JO-12  ( haptcr  JO 


30.47. 


30.48. 


The  induced  cmf  depends  on  Ihc  rate  at  uhich  tlx  current  is  chancing. 


CUfTftll 

enf(Vi  - A 


0.(025 


00075  0.0l\  0 .0 1 2 5 - ^ 0015 


Figure  30.46 

IlEMIFY:  Apply  to  tlx  series  and  parallel  combinations. 

SET  Up:  In  scries,  j.  = i \ and  the  voltages  add.  In  fMrallcI  tlx  voltages  an:  the  same  and  the  currents  add. 

Execute:  (a)  Series:  /.  — + L.  ^ - L — . but  i.  - 1.  - 1 for  senes  eonmooents  so  — - - — ami 

' *U  : iSt  "di  ' * * dt  di  di 


Evaluate: 


H»>  Parallel:  Now 


Therefore. 


iii' 


u£..Bu,£l_£l£ 
r di  di  Ly  dt 


and 


£>=£i£.  £a5»£,£i£.nd  /.  . 

dt  l dt  di  Lxdt  L . dt  * \ L Lj 

EVALUATE:  Indixtixs  in  senes  and  parallel  combine  in  the  same  way  as  resistors. 

IDI.VIIEY : Follow  the  steps  outlined  in  the  problem. 

Set  UP:  The  energy  stored  is  U - . 

Execute:  (a)  /B  dl  = =>  B 2.t/  - pj  =>  /?  = pL. 


(b)  d<PA  = BdA  - 1—ldr. 

Isr 

<6/a> 

(d) £,2£ia/gWAM 

(e)  f/  ^ i ti1  - I/ftl*  /./a).1  -Mlln( 6/a). 

EVALUATE:  The  magnetic  field  between  the  condixlocs  is  due  only  to  the  current  in  the  inner  conductor 
30.49.  <a)  IDENTIFY  and  SET  Up:  An  end  view  is  shown  in  Figure  30.49. 

Apply  Ampere's  law  to  a circular 
path  of  radius  r. 

Uidi-pj^ 

Execute:  fi*di-B(2xr) 

/„,  - 1,  the  current  in  the  inner  conductor 

Thui  B(2rr)  = «/  and  B-  — 


IlUfcKUfKC  30-13 


30.50. 


30.51. 


30.52. 


(b)  lot  Min  and  SET  Up:  Follow  ibc  pnxedure  specified  in  the  problem. 


Execute:  u - 


to 


dU  =11  jr,  where  </r  - 2.T/VJr 


dU  - — 1 

— I (Ixri)dr 

m/i 

2m,1 

■ ~sr  ' 

4,t  r 

if  \ t ( 1 

V M>' 

- A dr 

IC|  u - J <> 

4.T  * 

it" 

In  h — In 

m/i 

Ji) 

4* 

III  lr  III  U | 

4* 

U 

|d)Eq.(30.9):  C/*±£f* 


f*/'.  I* 


Part  (c):  Lf 


L.mJi 

2.r  \ a 

Evaluate:  The  value  of  L we  obtain  from  these  energy’  considerations  agrees  with  L cak*ulatcd  in  part  <d)  of 
Problem  30.48  by  considering  flux  and  I:q.(30.6) 

IDENTIFY:  Apply  L ■ * ^ ■ to  each  solenoid,  » in  Example  30.3.  Use  M ■ — to  calculate  the  mutual 

* 'i 

inductance  A/. 

Set  L’P:  The  magnetic  field  pnxlurcd  by  solenoid  I is  confined  to  the  space  within  its  windings  and  is  equal  to 

B - ^»  V '» 

' 2x r 

lAMtiE-  (m)  t - iV,<!>*  - *'A(  / - -v*+a  A^f/i,AVv].^AV^ 

^ j Tl  2.t/-  J 2xr  * 'i  t -*/  J 2.t/ 

,b,  .1/  - ±il!L  - A/’  I , , LL>. 

i,  2r/*  V ler  ) 2xr  2*r 

Evaluate:  If  the  two  solcreiids  are  identical,  so  tlut  *V,  - *V..  then  M -L. 

IDENTIFY:  U - rU\  The  self  inductance  of  a solenoid  is  found  in  Exercise  30.11  to  be  l - U'^' 

SET  Up:  The  lencth  / of  the  solenoid  is  th:  number  of  turns  divided  bv  the  turns  per  unit  length. 

EX.*.,*:  <•>£  = “£  = 2H!£!iU  8.89 1, 


r (150  A>* 


»> 


the  number  of  turns  per  unit  kngth.  then  \ -at  and  L - ut,4n'l . For  this  coa 


10  coils  nun  - 10*  10*  coals  m.  / - 


5.89  II 


- 56.3  m. 


H,A/i  (4*xI0  T m* A )t< 0.0200  m)*(I0xl0‘  coils'm)* 

This  is  not  a practical  length  fee  laboratory  use. 

EVALUATE:  The  number  of  turns  is  .V -(56.3  m|<10x  10' coils/m) -5.63x10*  turns . He  length  of  wire  in 
solenoid  is  the  circumference  C of  one  turn  times  the  number  of  turns.  C - zd  - .t|  4O0x  10  * m)  - 0. 126  m . 
length  of  wire  is  (0  126  m #5.63x10* )- 7.1*  104  m-71  km  This  length  of  wire  will  have  a large  resistance 

J'R  electrical  energy  loses  will  be  very  large. 

Identity:  This  is  an  RL  circuit  and  j(e)  ts  given  by  Eq.(30. 14). 

SET  Up:  When  /-♦  *>,  i-f  i,  = Vi R . 


EXECUTE:  (a)  R 


2.0  V 


1 860  i 2. 


xk  If 


r,  6.45x10  A 
R( 


(If)  r - /. ( 1 - e ) so -In(l  -r.'/, ) and/.  - 


-Rt  -OS60CT|<7.25xl04sV 


-0.96311. 


bi<l -i/fr  > ln(l  -|4.K6/6.45» 


30-14  Chapter  30 


30.53. 


30.54. 


EVALUATE:  The  current  after  a long  time  depends  only  on  R and  is  independent  ot*  L The  value  at' 
R>  /.determines  hem*  rapidly  the  final  vjIuc  of  i is  reached. 

IDENTIFY  and  SET  UP:  Follow  the  procedure  specified  in  the  problem.  L - 2.50  II.  R - 8.00  O. 

£ - 6.00  V.  r-(£/#Xl  -e'* '),  r-UR 
Execute:  (*>  Eq.(30.9»:  L\ 

I - r soi  - (f I R 1(1  -«■''>  = (6.00  VH.OO  I2KI  — 0.474  A 


Then  b\  -iU‘  = i<2-50  111(0.474  A)’  =0.281  I 
dU  di 

ExercBe  30.27  (cl:  /*, - h— 

-4 ~ V - 

'■ *'  >*-£{-"' " '*?  *" 
=k“I  =^r[l-W  *4 

i\  Jl 

</,  =4  ' ; (2.50  I1M0.3996)  - 02S1  J.  which  check*. 


(H|  Exercise  30.27tal:  Tfo:  rate  at  which  the  battery  supplies  enemy 


/!  1 '|j  = £.(l-f  1 *] 


' v-J>"  yJ."  ‘ I-(y) 

**vn-.  r*Y 


r*rc-r| 


'"'xj  "ItJUJ  U 1 

[/,  = j | (2.50  I1M0.3679I-  0.517  J 

(«>  P.  -*** -I  V to-*" 


(7,  = j£j  <4-111  -1  -4c  ' -*•’]-(  1 -(2.50  IIH0.3362I  - 0.236  1 

(d) Evaluate:  uf =C/,*f/x.  ro.517  j ^0.236  J+o.281  J) 

The  energy  supplied  by  the  battery'  cquils  the  sum  of  the  energy  stored  m the  magnetic  field  of  the  indurtor  and  the 
energy  dissipated  in  the  resistance  of  the  inductor. 

IDENTIFY:  This  is  a decaying  R-L  circuit  with  /„  - £fR  . i(/>=  V*  AM . 

s»:r  UP:  £ - 60.0  V . R - 240  ii  and  I - 0. 160  II . The  rate  at  which  energy  stored  m the  inductor  is  decreasing 

is  iUitdi . 

Execute:  (a)  U -I/./ / =if  £ ! -i(0.l60H>: £!£-  -5.oo»lo'J. 

2 ' 2 [R.l  2 ! 24012/ 


Inductance  50.15 


50.55. 


50.56. 


50.57. 


50.58. 


dUL  ..  ih 


it 


-i -XT  - 


dV,  (60  vr 


am  • i »o •«(«.!(•  i _ 


^ -4.52  W. 


dt  R dt  -40  12 

|c)  In  (he  rerioor.  /•  , £ii  £l *»  ‘ ■ — H'-4.52W 


24012 


«U 


>(rt-P.-g,r-W.  « f =(60v>-,0.|60,|>.,Qn.,Q,,^i. 
* R * R*  R 2R  2\  240121* 


[he  tame  as 


part  (a). 

EVALUATE:  Dunne  the  decay  of  the  cumrnt  all  the  ckclrical  energy  originally  stored  in  th:  inductor  is  dissipated 
in  the  resistor. 

IDENTIFY  and  SET  UP:  Follow  the  procedure  specified  in  the  problem.  ~Lj‘  xs  the  energy  stared  in  the  inductor 

uxl  i/* 2 C is  the  energy  stored  in  the  capacitor.  Th:  equation  is  -iR  - /. — . - -L  - 0. 

dt  C 

Execute:  Multiplying  by  /gives  i:R  + Li—  + — a0.  — L\ (ii/:) 2r—  ! - /j— . the 

dt  C dt  dt  dt  v ds ) dt 

second  term  — L\  - — I — - — — (a  ) - —i2q)—  - — . the  third  term.  i'R  - PA.  the  rate  at  which 
* * **2C:  ICdt  H 2C  H dt  C 4 


electrical  energy  is  dissipated  in  the  resistance.  —V(  - Pk . the  rate  at  which  the  amount  of  energy  stored  in  the 

dt 

inductor  is  changing.  — IS  - P. . the  rate  at  which  the  amount  of  energy  stared  in  the  capacitor  rs  changing. 


Evaluate:  The  equation  says  that  Pk  + P(+Pc  - 0;  the  net  rate  of  change  of  energy  in  the  circuit  is  zero.  Note 
that  at  any  given  time  one  of  P<  or  P.  is  negative.  If  the  current  and  Uk  arc  increasing  the  charge  on  the  capacitor 
uxl  Ut  arc  decreasing,  and  vkc  versa. 

IDENTIFY:  The  energy  stored  in  a capacitor  is  Uc  - iCV‘ . The  energy  stored  in  an  inductor  is  Ut  - . 

Energy  conservation  requires  that  the  total  stored  energy  be  constant. 

SET  Up:  The  current  rs  a maximum  when  the  charge  on  th:  capacitor  is  zero  and  the  energy'  stored  in  the 
capacitor  is  zero. 

EXECUTE:  (a)  Initially  v - 160  Vand  j-0. 6\  -Oind  Uc  = ±CV2  = 4(5.00x10“*  FKI6.0  V)2  = 6.40x10  4 J . 
The  total  energy  stored  is  0.640  mi  . 

(b)  The  cunent  is  maximum  when  a - 0 and  C/t  - 0 . Uc  + IS.  - 6.40x  10  4 J so  U.  - 6.40 * 10  4 J . 


ILr  - 6.40-10  ‘ 1 and  t _ /2l640' 10  ‘17  _ Q ss|  A 
' — “*  V 3.75.10 'll 


Evaluate:  The  maximum  charge  on  the  capacitor  is  O - CV  - 80.0  pC . 

IDENTIFY  and  SET  IIP:  IJk  Ut  - $CV}  (energy  stored  in  a capacitor)  to  solve  for  C.  Then  use  Fq.(30.22)  and 
m-2t/  to  solve  fee  th:  l.  that  gives  the  desired  current  oscillation  frequency. 

Execute:  l\  =110  V,Uc=^cy‘  «>C  = 2U,  iv;  - ’<0.0160  jyil’.o  VI1  - 222  pf 

' ~ Wi<;  t'‘Tf)'c 
/ = 3500  llz  gives  L =9.31  f/\\ 

EVALUATE:  /is  in  Hz  and  fa  is  in  rad  s;  we  must  h:  careful  not  to  confuse  the  two. 

IDENTIFY : Apply  energy  conservation  to  the  circuit. 

SET  UP:  For  a capacitor  V -q>C  and  IS  - q2  1 2 C . For  an  inductor  IS  - ILf 

Execute:  (a)  V - £ - 6‘<XM0  ( 0.0240  V. 

““  C 2.50x10  F 


5.00x10*  C 


1C  J( 0.0600 11X2.50*10  * F) 


- 1 .55  x 10  ‘A 


(c>  V^k  -i/.rL  - -1(0.060  II H 1.55 x 10  ‘Af— 7.21x10  * J. 


3*16  C hapter  JO 


30.59. 


30.60. 


30.61. 


This  gives 


(d>If  f-ii^  then  (/*  *1^*1.80x10  * Jand  Uc=?JJm 

q * ^1(2-5.20x10*  C. 

Evaluate:  U - l/.r’  + 1—  fi>r  all  times. 

2 1C 

iDEVniY:  Set  L\  - K , where  A'  -Aim' . 

Set  LtP:  The  energy  density  in  the  magnetic  field  rs  ua  - B1  :'2pti.  Consider  volume  E-lm1  of  sunspot 
material 

EXECUTE:  The  eoevgy  density  in  the  sunspot  is  uM  * B*S2p9  - 6.366x  10*  J - m . The  total  energy  stored  in 
volume  Kof  the  sunspot  is  Uk  =«/.  The  maw  of  the  nuterial  in  volunv  ) of  the  sunspot  is  ui  - pV . 

K - C/a  so  - UM  . 4 V2  - tfj*' . The  volume  divides  out,  and  v - Jlutl  p - 2x  I04m*  . 

EVALUATE:  The  speed  we  calculated  is  about  30  times  smaller  than  the  csc:pc  speed 
IDENTIFY:  j</)  is  given  by  Eq.<30. 14) 

SET  L’P:  The  graph  shows  V - 0 at  / - 0 are!  V approaches  the  constant  value  of  25  V at  large  times. 

EXECUTE:  (a)  The  voltage  behaves  the  same  as  th:  current.  Since  Vk  is  proportional  to  j.  the  scope  must  be 
across  the  1 50  12  resistor. 

(b)  From  the  graph,  as  / -*  25  V.  so  there  is  no  voltage  drop  acrow  the  inductor,  so  its  internal  resistance 

must  be  zero.  Vg  - Vgmu0  - e 1 ').  When  t - z s \\  = j 1 -1 j > 0.631^.  From  the  graph.  V - 0.631'^  - 16  V at 

r a 0.5  ns.  Therefore  r-- 0.5  ms.  A/A  = 0.5  ms  gives  A -(0.5  ms)  <150  12|  - 0.075  II. 

(c>  The  graph  if  the  scope  is  across  the  inductor  is  sketched  in  Figure  30.60. 

Evaluate:  At  all  times  Yk  + V(  - 25.0  V . At  / - 0 all  the  battery  voltage  appears  arrow  the  inductor  since 
r - 0 . At  r -*  v;  all  the  battery  voltage  is  across  the  resistance,  since  di  tdt  - 0 . 


25V 


Figure  30.60 

IDENIIPY  and  SET  Up:  The  current  grows  in  the  circuit  as  given  by  Eq.(30.14).  In  an  R*L  circuit  the  lull  ctnf 
initially  is  across  th:  inductance  and  after  a long  tmw  is  totally  across  the  resistance.  A solenoid  in  a circuit  is 
represented  as  a resistance  in  series  with  an  inductanrc.  Apply  the  loop  rule  to  the  circuit:  the  voltage  arrow  a 
resistance  is  given  by  Ohm*x  law. 

Execute:  (u|  In  the  R*L  circuit  the  voltage  acrow  the  resistor  starts  at  zero  and  increases  to  the  buttery  voltage. 
The  voltage  arrow  the  solenoid  (inductor)  starts  at  the  battery  voltage  and  decreases  to  ze to.  In  th:  graph,  the 
voltage  drops,  so  the  oscilloscope  is  acrow  the  solenoid. 

|b)  At  t ->  a?  the  current  in  the  circuit  approaches  its  final,  constant  value.  The  voltage  doesn’t  go  to  zero  because 
the  solenoid  has  some  resistance  Rx.  Th:  final  voltage  across  the  solenoid  is  /At . where  / is  the  final  current  in 
the  circuit. 

(c>  The  cmf  of  the  battery  is  the  initial  voltage  across  the  inductor.  50  V.  Just  after  the  switch  is  closed,  the  current 
is  zero  and  there  is  no  voltage  drop  acrow  any  of  the  resistance  in  the  circuit 
(dlAs  €-lR-!Rl  -0 

€ - 50  V and  from  the  graph  /Rk  - 15  V (the  final  voltage  across  the  indixlor).  so 

IR  - 35  V and  / - (35  V>  A - 3.5  A 

(e>  IRy  = 15  V.  so  A.  = (1 5 Vy(3.5  A)  - 4.3  12 

f-Ki  -iR  - 0.  where  V.  includes  the  voltage  arrow  the  resistance  of  the  solenoid. 


*£ -iR, (l-«  ").  *o  \\  - € 

€ = 50  V.  R - 10  12.  A*4  = 14.3  12.  so  when  f = r.  VL  = 27.9  V.  From  the  graph.  Y\  has  thrs  value  when  I = 3.0  ms 
(read  approximately  from  the  graph),  so  r - LIR^  = 3.0  ms.  Then  A -(3.0  ms)(l4.3  12)  - 43  mil. 

EVALUATE:  At  i - 0 there  is  no  current  arcl  the  50  V measured  by  the  oscilloscope  is  the  induced  emf  due  to  the 
inductance  of  the  solenoid  As  the  current  grows,  them  an:  voltauc  drops  across  the  two  resistances  in  th:  circuit. 


Indoctancc  50-17 


We  derived  an  equation  for  Vl9  the  voltage  acro«  the  soVmood.  At  / - 0 it  gives  Vt  - £ and  at  / — > x.  it  gives 
Vl-£R:Ry^  ^i R. 

50.62.  IDENTIFY:  At  r - 0 . i = 0 through  each  indurtor.  At  / ->  n . the  voltage  is  rero  across  each  indurtor. 

Si:r  L’P:  In  each  case  redraw  the  circuit.  At  / - 0 replace  each  inductor  by  a break  in  the  circuit  and  at  / ->  x> 
replace  each  inductor  by  a wire. 

EXECUTE:  (a)  Initially  the  inductor  blocks  current  thnyugh  it.  so  the  simplified  equivalent  circuit  is  shown  in 
£ 50  V 

Figure  30.62a.  j - — - — — - 0.333  A . Vx  = <1000*0.333  A)  = 33.3  V.  V4  = <500)(0.333  A)  = I6.7  V.  F,  ^ 0 

since  no  current  flows  through  it.  K - V4  - 16.7  V,  since  the  inductor  is  in  parallel  with  the  50 12  resistor. 

Ai  = ^ = 0.333  A,  Ai  -0. 

< I»  > Long  after  S is  closed,  steady  state  is  reached,  so  the  inductor  has  no  potential  drop  across  it.  Tlic  simplified 

50  V 

circuit  is  sketched  in  Figure  30.62b  i = £/R~  __=0.385A.  V%  = (I000)(0.385  A)  - 38.5  V ; Vl  ^0; 

Vx -r4 = 50V-38.5  V - 1 1.5  V.  /, -0.385  A:  r,  = \ -0.153  A:  r\=1>  |-  -0.230  A. 

EVALUATE:  Just  after  th:  switch  is  closed  the  current  thnyugh  the  buttery  is  0.333  A.  After  a long  time  the 
current  through  the  battery  is  0.385  A.  After  a king  time  there  is  an  additional  current  path,  the  equivalent 
resistance  of  the  circuit  is  decreased  and  the  current  has  increased. 


imu 


Figure  30-62 

30.63.  IDI.VUFY  and  SET  UP:  Just  after  the  switch  is  closed,  the  current  in  each  branch  containing  an  inductor  is  zero 

and  the  voltage  across  any  capacitor  is  zero.  The  inductors  can  be  treated  » breaks  in  th:  circuit  and  the  capacitors 
can  be  replaced  by  wires.  After  a kmg  time  there  rs  no  voltage  across  each  inductor  and  no  current  m any  branch 
containing  a capacitor.  "Hie  inductors  can  be  replaced  by  wires  and  the  capacitors  by  breaks  m the  circuit. 
EXECUTE:  (u)  Just  after  the  switch  is  closed  the  voltage  \\  across  the  capucitor  is  zero  and  there  is  also  no  current 
through  the  inductor,  so  Vt  = 0.  K ♦ K,  = V4  = Vi%  and  since  \\  = 0 and  \\  = 0.  V4  and  K are  also  zero. 

V4  * 0 means  Fj  reads  zero.  V%  then  must  equal  40.0  V,  and  this  means  the  current  read  by  Ai  is 

(40.0  V)'(50.0  O)  ^ 0.800  A.  A,  + At  + A4  = A, . but  = At  = 0 so  A,  = A,  = 0.800  A.  A,  = A4  - 0.8X  A;  all  other 

ammeters  read  zero.  V\  - 40.0  V and  all  other  voltmeters  read  zero. 

<b>  After  a long  time  the  caparitor  is  fully  charged  so  A4  -0.  The  current  through  the  inductor  isn’t  changing,  so 
\\  - 0.  The  currents  can  be  calculated  from  the  equivalent  circuit  that  rcplarcs  the  inductor  by  a short  circuit,  as 
shown  in  Figure  30.63a. 

50.0  n 50/)  fl 


F igure  30.63a 

/ - (40.0  V>'(83.33  O)  ^ 0.480  A;  .\  reads  0.480  A 
\\  = /(50.0  O)  = 24.0  V 

The  voltage  across  each  paralfcl  branch  is  40.0  V 24.0  V - 16.0  V 
K,» 0.  V^V4=V%  = 16.0  V 

Vx  = 16.0  V means  Ai  reads  0.160  A.  V4  - 16.0  V means  A t reads  0.320  A.  A4  reads  zero.  Note  that  Al  -f  At  = Ai. 
(c>  \\  - 16.0  V so  Q - CT  -(120  //FK16.0  V)  - 192  fiC 


30*18  ( h jpttr  30 


30.64. 


30.65. 


30.66. 


Id}  At  t - 0 and  / V+  - 0.  As  the  current  in  this  branch  increases  from  zero  to  0.160  A the  voltage  V:  reflects 
the  rate  of  change  of  the  cuncnt.  *Hx  graph  it  sketched  in  Figure  30.63b. 


Evaluate:  Thrt  reduction  of  the  circuit  to  resivtur  networks  ceily  apply  at  / - 0 and  / — > t.  At  intcrnxdiatc 
times  the  analysis  is  complicated. 

iDEN  im : At  all  times  v,  ♦ v\  - 25.0  V . Tlx  voltage  across  the  resistor  depends  on  the  current  through  it  and  the 
volta^  across  the  inductor  depends  on  the  rate  at  which  the  current  through  it  is  changing. 

SET  UP:  Immediately  after  closing  the  switch  the  current  thorough  tlx  inductor  is  zero.  Alter  a king  time  the 
current  is  no  longer  changing, 

EXECUTE:  (■)  / - 0 so  v - 0 and  v,  - 25.0  V . Tlx  ammeter  reading  is  A-  0 . 


1.67  A.  The  ammeter  reading  is 


(b>  After  a long  time.  \\  - Oand  \\  = 25.0  V.  v(  - :R  and  i - \ 

A = I.67A. 

(c>  None  of  the  answers  m (a  I and  (b)  depend  on  /.  so  none  of  them  would  change. 

Evaluate:  The  inductance  L of  the  circuit  affects  the  rate  at  which  current  reaches  its  final  value.  Hut  after  a 

long  time  the  inductor  doesn't  affect  the  circuit  and  the  final  current  docs  not  depend  on  L. 

iDt.Min  : At  / - 0 . i-O  through  each  indixtor.  At  f — > w , the  voltage  is  zero  across  each  mdixtor. 

SET  UP:  In  each  case  redraw  the  circuit.  At  / - 0 rcphcc  each  inductee  by  a break  in  the  circuit  and  at  / 
replace  each  inductor  by  a wire. 

Execute:  (a)  Just  after  the  switch  is  closed  then:  is  no  cuncnt  through  either  inductor  and  they  act  like  Ixeaks  in 
the  circuit.  The  current  is  the  same  through  the  40.0  ft  and  1 5.0  ft  resistors  and  is  cquil  to 
(25.0  V)/(40.0  ft  + 1 5.0  ft}  = 0.455  A.  Al  = At  = 0.455  A;  Ai  = A.  = 0. 

(b)  After  a long  time  the  currents  are  con&ant.  there  is  no  voltage  across  cither  inductor,  and  each  inductor  can  be 
treated  as  a short  -circuit . The  circuit  k equivalent  to  the  circuit  sketched  in  Figure  30.65. 

/ ^ (25.0  V)/(42.?3  ft}  ^ 0.5S5  A . \ reads  0.585  A The  voltage  across  each  parallel  branch  is 
25.0  V- (0.585  AK40.0  ft)  -1.60V.  A:  reads  (1 .60  V)(5.0  ft}  - 0.320  A . A , reads 
(1.60  V)/(10.0ft}  - 0.160  A . A4  reads  1 1 .60  V)/ 15.0  ft}  - 0. 107  A. 

EVALUATE:  Just  after  tlx  switch  is  closed  the  cuncnt  through  the  buttery  is  0.455  A.  After  a long  tmx  the 
current  through  the  battery  is  0.585  A.  After  a king  time  there  arc  additional  cuncnt  paths,  the  equivalent  resistance 
of  the  circuit  is  decreased  and  the  current  has  increased. 

40.01)  4000 

. — «M/V  i i 1 ( — /Wv ' 


25.0  V 


10/)  . 


250  V 


Fifurc  30.65 

IDE  vim : (loving  5j  and  simultaneously  opening  .5,  poxlucc*  an  L>C  circuit  with  initial  current  through  the 
inductor  of  3.50  A.  When  the  cuncnt  is  a maximum  the  charge  q on  the  capacitor  is  zero  and  when  the  charge  q is 
i maximum  tlx  current  is  zero.  Conservation  of  energy  ays  that  the  maximum  energy  stored  m the  inductor 

equals  the  maximum  energy  stored  in  the  capacitor. 

SET  UP:  j - 3.50  A . the  current  in  the  inductee  just  after  the  switch  is  closed. 


Induzunrc  >0-19 


Extent:  (a) 

- ^<2.0-10 ' 11X5.0-10  * F)|3.S0  A|  -3 SOx lO"  C = O.JSO  mC . 

(b)  When  q is  maximum.  r - 0 . 

Evaluate:  In  the  final  circuit  the  current  will  oscillate. 

IDE.MIEY:  Apply  the  loop  nile  to  each  parallel  branch.  The  voltage  across  a resistor  i.s  given  by  iR  and  the 
voltage  across  an  inductor  is  given  by  /.  /e/r|.  The  rate  of  change  of  current  through  the  inductor  is  limited. 

Set  Up:  With  S closed  the  circuit  is  sketched  in  Figure  30.6?a. 

Tbc  ra*c  of  change  of  tbc 


: fiojjv 


»i  - 4>.oa 


N*  - 2501) 


L - CJOO  H 


current  through  the  inductor 
is  limited  by  the  induced 
emf.  Just  after  the  switch  is 
closed  th:  current  in  the 
inductor  has  not  hid  time  to 
increase  from  zero,  so 


Figure  30.67a 

Execute:  <u>  £ - - o.  so  v t - 60.0  v 

( l> ) The  voltage  drops  across  R,  as  we  trawl  through  the  resistor  in  the  direction  of  the  current,  so  paint  a is  at 
higher  potential. 

(c>  r\  - 0 so  v*.  = r*3ifi  ^0 
€-y\-vL  =0*0  vt  =£  = 60.0  V 

(d)  The  voltage  rises  when  we  go  from  b to  a through  the  emf.  so  it  must  drop  when  we  go  from  »r  to  h through  the 
inductor.  Point  c must  he  at  higher  potential  than  point  d. 

(e)  After  the  switch  has  been  closed  a long  time.  — » 0 so  v4  - 0.  Then  £ -rA  =0  and  i. R}  = £ 

dt 


60.0  V 


2.40  A 


R:  25.0 12 

SET  UP:  The  rate  of  change  of  the  cuneiu  through  th:  inductor  is  limited  by  tbc  induced  emf  Just  after  th: 
switch  is  opened  again  the  current  through  the  inductor  hasn't  had  time  to  change  and  is  still  iN  - 2.40  A.  The 
circuit  is  sketched  in  Figure  30.67b. 

EXECUTE:  The  current  through 

n I I > 

m b “ h ~ 2.40  **  in  lhc  direction  b 

to  a.  Thus 

_ii.  i’a  ^ -ult,  = -<2.40  A)(40.0 11) 

^ . - -96.0  V 


Figure  30.67b 

(f)  Point  where  current  enters  resistor  is  at  higher  potential;  point  b is  at  higher  potential. 

(C)  *-*4-^*0 

n +vAt 

vk  ^ -r+  = 96.0  V;  \M  - j:R,  = (140  A«25.0  *2)  - 60.0  V 
Then  vA  = vt  ♦ v*  = 96.0  V + 60.0  V = 156  V. 

As  you  trawl  counterclockw  ise  arourxl  the  circuit  in  the  direction  of  the  current,  th:  voltage  drops  across  each 
resisted,  so  it  must  rise  across  the  inductor  and  point  d is  at  higher  potential  than  point  c.  The  current  is  decreasing, 
so  the  induced  emf  in  the  inductor  is  directed  in  the  dirccticvi  of  the  current.  Thus.  r§J  = - 156  V. 

HO  Point  d is  at  higher  potential. 

Evaluate:  The  voltage  across  R{  is  constant  once  the  switch  is  ekised.  In  the  branch  containing  R just  after 
S is  closed  the  voltage  drop  is  all  across  L and  after  a long  time  it  is  all  across  R..  Just  after  S is  opened  the  sanx 
current  flow  s in  th:  single  loop  as  had  been  Mowing  thnxigh  the  inductor  and  the  sum  of  the  voltage  across  the 
resistors  equals  the  voltage  across  the  inductor.  This  voltage  dies  away,  as  th:  energy  stored  in  the  inductor  is 
dissipated  in  the  resistors. 
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30.68. 


30.69. 


IDENTIFY:  Apply  the  loop  rule  to  the  two  loops.  The  cuncnt  through  the  inductor  doesn't  change  abruptly. 
SET  UP:  For  the  inductor  |f|-  /.Ll  and  £ is  directed  to  oppose  the  change  in  cuncnt. 


Execute:  (a)  Switch  is  clewed  then  at  sonx  later  time 

di  di 


— - 50.0  A s 

dt 


\\4  - L (0.300  1 1 M 50.0  As>  - 1 5.0  V. 

di 


The  lip  circuit  loop:  60.0  V-i*  3i  - — — 1 .50  A. 

1 1 40.011 

The  btxtom  loop:  60  V - )R. -ISQV  = 0=>I=  4S0V.  - 1 .SO  A. 

1 ‘ 25.011 

(b)  After  a li>ng  time:  i2  V ^ ( t M = 2.40  A and  immedutely  when  the  switch  is  opened,  the  inductor  maintains 
this  cuncnt.  so  i,  = i3  = 2.40  A. 

Evaluate:  The  current  through  Rt  changes  abruptly  when  the  switch  is  closed 

Identify  and  SET  Up:  The  circuit  is  sketched  in  Figure  30.69a.  Apply  the  lonp  rule  Just  after  S,  is  closed,  i - 0. 
After  a long  time  : has  reached  its  final  value  and  di'di  “ 0.  The  voltage  arrow  a rcsislor  depends  on  i and  the 
voltage  across  an  inductor  depends  on  didt 


Figure  30.69a 

Execute:  <u)  At  time  / *,  =0  so  v.  = r,/<.  - 0.  Bv  the  loop  rule  £ - v„  - vt<.  = 0.  so  \\  A = £ - vm  = £ - 36.0  V 

( itR  -0  so  this  potential  ditTercncc  of  36.0  V is  acrow  the  inductor  and  is  an  induced  cmf produced  by  the 
changing  current.) 


di 

(b)  After  a long  time  — - -»0  so  tlx  potential 


-L± 


across  the  inductor  bcconxs  zero.  The  loop  rule  gives 


£-/,.(*■+*)  = 0. 

£ 36.0  V 

t 


-0.1 


Rt+R  50.0  12+150  12 

v.  = iltRv  = <0. 1 K0  All  50.0  Q)  =■  9.0  V 

Thus  v;A -itR+L—  - (0  180  AX!5012)  + 0-270  V (Note  that  »V  + v.A=£.> 
dt 

|c>  £-v^  -v4l=0 

S-iR^R-L*--  0 

L--£-i{R+R)  and 


R + R \dJ 


R + R. 


di 

-«>i7 (R  + Rj 


- ^l- 


Mcgntcfhimr-0.  wben  j - 0.  lo /.  when  I - T : f ‘ — ff  ’ K‘  f ill  - - hi  -ir — — — b *~’^1  V 

Jl  -i-f.«t<  I I.  ><  R+R,  . 1.  I 


'»  hi 


R’R, 
,-?<R-R.\) 
e w+R,.  I ) 


Takinu  cxponentuls  ofbnth  sides  gives  — — — — <•  * and  L - — - — 

£<R+RL)  R + Rt 


-c 


Substituting  in  the  numerxal  values  gives  t.  - 


36.0  V 


5012+  5011 


0- 


>*U  4lO»U  \ _ 


)-  (0.180  A)(l-e  ’ ,aS*‘) 


lndretaocc  30.21 


30.70. 


A!  i-+0.  <*  = (0.180  A>l-1)  = 0 (agrees  with  puma)).  At  / ->  x.  /,  = (0. 1 SO  AMI -0)  = 0.IS0  Atagrees  \%ith  jxirl  (b)V 


= 'A 


R + R 


\-e^»a)m9.0V[\-e''***') 


v , = £-vm  = 36.0  V -9.0  V(1  - e***" 4)  = 9.0  Vf  3 .00 + r*  ‘) 

At  f ->  0,  v.  - 0.  = 36.0  V (agrees  with  part  (a)).  At  / -♦  <x>,  v.  = 9.0  V.  = 27.0  V (agrees  with  part  (b  I). 

The  graphs  an:  given  m figure  30.69b. 


M*)\- 


IVALtATE:  The  expression  for  i(/)  s%e  derived  heconx*  Ivq.(30.14  | if  the  two  resistors  R,  and  R in  senes  are 
replaced  by  a single  equivalent  resistance  Rt  ♦ R. 

lDf.\im  : Apply  the  loop  rule.  The  current  through  the  inductor  doesn't  c hinge  abruptly. 

SET  UP:  With  S:  clewed.  vk  must  be  zero. 

EXECUTE:  (a)  Imnxdiatcly  after  S2  is  closed,  the  inductor  maintains  the  current  / -0.IK0  A through  R.  The 
loop  rule  jround  the  outside  of  the  circuit  yicMs 

£ + £k  -iR-itRt  - 36.0  V+(0.I8  A(150  ft)-<0.18  A)|15)  ft)-/, (50 ftt  -0.  /0  - ---1  - 0.720  A . 

-<0.72  AK50V)- 36.0  V and  vA-0. 

(b)  After  a long  time.  v.  -36.0  V.  and  v*  - 0.  Thus  r,  - — 1 - 0.720  A.  ik  - Oand  i = 0.720  A 

R.  50  ft 


«► 


I.  -0.720  A.  /.</)__£_*  ‘''"and  i.frl -<0.180 A|c  "’‘‘  *. 


kU 


f. ,(r)  - 10.720  A|  - (0. 1 K0  A|c">1 ' ‘ - (0. 1 80  Al(4  - r " ).  TK-  graphs  .if  the  tuncmi  arc  given  in  figure  J0.70. 
Evaluate:  R , is  in  a loop  thit  contains  Just  ‘‘and  Rt,  so  the  current  through  R , is  constant.  After  a long  time 
the  current  through  the  inductor  isn’t  changing  and  the  vohage  across  the  inductor  is  zero.  Since  vAis  zero,  the 
voltage  across  R mutf  be  zero  and  ik  becomes  zero. 
utA> 


EX60 

aso 

a oo  ‘ 

0.0)  c 


>1  0.08  in?  OI6  0.2(1 


MSI 


-rut 


W |A> 
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30.71.  Idem  it Y : The  current  through  an  inductor  doesn't  change  abruptly.  After  a long  time  the  current  isn't  chancing 
and  the  voltage  aero**  each  inductor  is  zero. 

SET  UP:  Problem  30.47  shows  how  to  find  the  equivalent  inductance  of  inductors  in  series  and  pirallcl. 

EXECUTE:  (a)  Just  after  the  switch  is  closed  then:  is  no  cuncnt  in  the  inductors.  There  is  no  current  in  the 
resistces  so  there  is  no  voltage  drop  across  either  resistor.  .1  reads  zero  and  V reads  20.0  V. 

<l»l  After  a long  time  the  currents  are  rx»  longer  chancing,  thrre  is  no  voltage  across  the  inductors,  and  th:  inductors 
can  be  replaced  by  short-circuits.  The  circuit  becomes  equivalent  to  the  circuit  shown  in  Figure  30.71a. 

/ - 120.0  V)/( 75.00) -0.267  A . The  voltage  between  points  a are!  his  zero,  so  the  voltmeter  reads  zero. 

(c)  Use  the  results  of  Problem  30.49  to  combine  the  inductor  network  into  its  equivalent,  as  shown  in  Figure  30.71b. 

R - 750  f7  is  the  equivalent  resistance.  Eq.(30. 14)  says  r - (£/*)  ! 1 with 

r-L/R  - (1 0.8  mil  )/(7  5.00)- 0.144  nw  . £ = 20.0V,  /?*  75.017,  /-0.115  ms  so  /^0.147A. 

VM  « iR  » (0. 1 47  A X750  H)  = 1 1 .0  V . 20.0  V - VM  - « 0 and  Vt  - 20.0  V - Vt  ^ 9.0  V . The  ammeter  reads  0.147 
A and  the  voltmeter  reads  9.0  V. 

EVALUATE:  The  current  through  the  batten’  increases  from  zero  to  a final  value  of  0.267  A.  The  voltage  across 
the  inductor  network  drops  from  20.0  V to  zero. 

50J>!) 


Figure  30.71 


30.72. 


iDKMItY:  At  steady  slate  with  the  switch  in  position  1.  no  current  ftows  to  the  capacitors  and  lb:  inductors  can 
be  replaced  by  wires.  Apply  conservation  of  energy  to  the  circuit  with  the  switch  in  pctution  2. 

SET  Up:  Rcplare  the  series  combinations  of  inductors  and  capacitors  by  their  equivalents.  For  the  inductors  use 
the  results  of  ProbVrm  30.47. 


Execute: 


(a)  At  steady  state  j - — 
R 


75.0  V 
125  « 


- 0.600  A . 


(b)  The  equivalent  circuit  capicitance  of  the  two  capacitors  is  given  by t and  C - 14.6  x/F  . 

C,  25  fj I 35  fjY 

L,  - 150  mil  -t  5.0  mil  - 20.0  mil  The  equivalent  circuit  is  sketched  in  Figure  30.72a. 

Energy  comcrvatKin:  9 =/„^Zc  - (0.6CO  A^’O- 10‘  ll»146-10"*  F)-3.24.10  ' C As  shown 

in  Figure  30.72b.  the  capacitors  have  their  maximum  charge  at  / - 7*  •'  4 . 


r - -ir  - JLC)  - IJZc  - ^'<20*10 ' 11X14.6-10*  F)  - 8.49x10  * 


EVALUATE:  With  the  switch  closed  the  hattery  stores  energy  in  the  inductors.  This  then  is  the  energy  in  the  L*C 
circuit  when  the  switch  is  m position  2. 

U <t  IIUA  a l/4  fCtfkfcl 


5)  mil 


10.73.  iDEMltY : Follow  the  steps  specified  in  the  problem. 

SET  Up:  Find  the  flux  through  a ring  of  height  rt.  radius  r and  thickness  dr.  Example  2K.  19  shows  that  R 


M.W 

2.71* 


inside  tbc  toroid. 


IndiKUfKc  30*23 


EXECUll:  (a)  <>*,  - ] Bib  Jr  ) - j j ^ 


l/ldr)^lhrdr-"'m 


'7 


I 


.7 


inlfi/a). 


!•»> 


, VO,  , A.  V '1 


7 


ln(ft/a|. 


Ic>  ^ Inll  -</>  -a>.'o|  » 


b-a  (b-o)‘ 


L » 


U.^'h/b- 


EVALUATE:  A(h  -a)  ts  the  cross-sectional  area  A of  the  toroid  and  a is  approximately  the  radius  r.  so  this  result 

is  :$ipiv»xirmtely  the  some  ax  the  result  derived  in  Example  30.3. 

J0.74.  Idem  it Y : The  direction  of  the  current  induced  in  circuit  A is  given  by  Lcn/'s  law. 

SET  UP:  When  the  switch  is  closed  current  tlows  counterclockwise  in  the  circuit  on  the  left,  from  the  positive 
plate  of  the  capacitor.  The  current  decreases  as  a function  of  time,  as  the  eharge  and  v oltage  of  the  capacitor 
decrease. 

EXECUTE:  At  loop  A the  magnetic  field  from  the  wire  of  the  other  circuit  adjacent  to  A is  into  the  page.  Th: 

magnetic  field  of  this  current  is  decreasing,  as  the  current  decreases.  Therefore,  the  magnetic  field  of  the  induced 
current  in  A is  directed  into  the  page  inside  A and  to  produce  a magnetic  field  in  this  direction  th:  induced  current 
is  clockwise. 

EVALUATE:  The  magnitude  of  the  emf  induced  in  cireuit  A decreases  with  time  after  the  switch  is  closed, 
because  the  rate  of  change  of  the  cunent  in  the  other  circuit  drereaxes. 

*0.75.  <a)  IDENTIFY  and  SET  L>:  With  switch  S closed  the  circuit  is  shown  in  liuurc  30.75a. 


Apply  the  loop  rule  to  loops  1 and  2 

Execute: 

loop  1 

e-iA-0 

r, { independent  of  r) 


l»:p  <2i 


a 


r-f./?. -l— 


This  is  in  th:  form  of  equation  <30. 12).  so  the  solution  is  analogous  to  Eq.(30. 1 4 >:  j*  - 1 -c  *•'  1 1 


( l> > EVALUATE:  The  expressions  derived  in  part  (a)  give  that  as  / — » t.  i — — 

R* 


Is  = 


steady -state,  th:  inductance  then  has  no  ctTect  on  the  circuit.  The  current  in  Rx  is  constant;  the  current  in  R:  starts 
it  zero  and  rises  to  £ •'  R:. 

(O  IDEMIIY  and  Si  I Up:  The  circuit  now  is  as  shown  in  Figure  30.75b. 


Ixl  / - 0 now  h:  when  S is  opened. 


At  f - 0.  r - — 
R\ 


Figure  30.75b 

Apply  the  loop  ruk:  to  the  single  current  loop. 

Execi  TE:  -r< /?,  t-  - 0.  (Now  ^ is  negative.) 

Lli “ + **  * B'v“  T * 

Integrate  fnxm  / - 0.  when  r - /,  - £:  R,.  to  /. 
and 


S 


Taking  exponentuls  of  hath  sides  of  this  equation  gives  i - 11  - — e ^ 
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30.76. 


30.77. 


(cl)  IDENTIFY  and  Set  Up:  Use  the  equation  derived  in  part  (c)  and  solve  for  R:  arxl  £. 

Execute:  L - 22.0  II 


'* 


R . - 40.0  NV  gives  R. 


V3  (120  V)4 


360 II 


40.0  W 


- i; 

We  are  avkcd  lo  find  R:  and  £.  Use  the  expression  deriv  ed  xn  part  (c). 
= 0.600  A so  £ i1  R3  ^ 0.600  A 

£ 


r - 0. 1 M)  A when  / - 0.080  s,  so  / - 


gives  0 150  A -(0.600  Ak 


\ = e %o  In 4 -(R,  ■* R.illL 

r.  -<220lllll,4-i6on-iKi.2n-36on-2i.2n 

1 t 0.080  V 

Then  £ ^ (0.600  A)ff,  - (0.600  A)(21 .2  12)  ^ 12.7  V. 

(e)  IDENTIFY  and  SET  UP:  Use  the  expressions  derived  in  part  (a). 

Execute:  The  current  through  the  light  bulb  before  the  switch  is  opened  is  r i “ j-  - i‘.~  | ^ - 0.0353  A 

EVALUATE:  When  tlx  switch  is  opened  the  current  through  the  light  bufc  jumps  fn>m  0.0353  A to  0.600  A.  Since 
the  clcctrxal  power  dissipated  in  the  bulb  (brightness)  depend  on  i*.  the  bulb  suddenly  becomes  much  bnghter. 
Identify  : Follow  the  steps  specified  in  the  problem. 

S»:r  L7P:  The  current  xn  an  indixtor  does  not  change  abruptly. 

EXECUTE:  (a)  Using  KirchhofT s loop  rule  on  the  left  and  right  branches: 

Left  £ — <|  * I,  >R  - L — - 0 3 R (/,  fi,)->L^--£. 

di  dt 

R«uhl  £ +i.  )R  - £ - 0 t,  Ru, ' h ) ' £ - £ • 

(b)  Initially,  with  the  switch  just  closed,  i - 0.  i.  - 2.  and  qi  - 0. 

(c)  The  substitution  of  the  solutions  into  th:  circuit  equations  to  show  that  they  satisfy  th:  equations  is  a somewhat 
tedious  exercise  but  straightforward  exercise.  Wc  will  show  that  the  initial  conditicois  arc  satisfied: 

At  r - 0.  q - —c  sin(/*A* ) - _L_siu(0)  - 0. 

&R  toR 

1,41)-— (I -r'  "[{2*)RCy 'sin(ae)*cos(**)l^i,<0)-  — tl -Icos(0)J>- 0. 

R R 

- 625  rad  s. 


(d)  When  docs  L first  equal  zero?  o - f 

1 LC  (2  RCY 

^(0-0 -f-e  ‘'I-(2rf»/fO  ‘*ii*<ar>*CQ»(Aff)l=>-(2*tfJ?C)  ‘ tan(nir)f  I - 0 and 
R 

tan(y.T)  = +2mRC  = -f 2(625  rad  sH400  12  K2.00x  10  * F)  = 1 .00. 

0.785 


<ai  - arctanl  -t  1 .00)  - -*0.7S5  t - 
EVALI  ATE:  As  I 


- 1.256*  10  s. 


625  rads 
. r,  -+£fR%  fs  — >0and  r. 


Identify  : Apply  L - - — Uo  calculate  L. 


SET  Up:  In  the  air  the  magnetic  field  is  - iiill  In  the  liquid.  ^ • till 

ft  II 

EXKCUt:  (a)  <1., -BA-BA  AiViJ|D-J|.  AV] 

rT  fr 


] - ; 1 — — D.  where  i,  -fi„X:D.  and  Lt  - K/i,NlD. 


liufacuncc  50*25 


50.78. 


50.79. 


(I>|  Using  A - • %vc  CJJ1  f™  ^ inductance  fee  any  height  L - | I • %m  — | . 


Height  of  fluid 

Inductance  of  Liquid  Oxygen 

Inductance  of  Mercury 

d = 0/4 

0.63024  II 

0.63000  II 

d - 0/2 

0.63BI8  II 

0.62999  II 

d = 30/4 

0.63072  II 

0.62999  II 

c 

il 

T3 

0.63096  II 

0.6299K  II 

The  values  ^(0,)  = 1.52x10  1 and  ^(llg)  --2.9xl0'4  bra  been  used. 

EVALUATE:  (d|  The  volume  gauge  is  much  better  for  the  liquid  oxygen  than  tlx:  nxrrcury  because  there  is  an 
easily  detectable  spread  of  values  fee  the  liquid  oxygen,  but  not  for  the  mercury. 

iDf.MIFY : He  induced  emf  across  the  two  coils  is  due  to  both  the  self* inductance  of  each  and  the  mutual 
inductance  of  tlx:  pair  of  coils. 

SKI  L’P:  Hxe  equivalent  inductance  is  defined  by  £ - L — . when:  £ and  i an:  the  total  emf  and  current  across 

dt 


the  combination. 


dl  dim  di  A.  dl 

Execute:  Series:  L — •*  L — + A1  — - A/,..  — - — . 


it  di 


it  di 


But  i - /,  *f  is  L - — _ and  A/,%  - 5/ . - .1/ . so  25/  I — - - L — and  L - Ly  ♦ -f  2M . 

dt  dt  dt  dt  dt 

Parallel:  We  have  L.  — + Ma^L  - L — and  L&+  with  . — and  A/  - .1/  -.1/ 

dt  '■  dt  "dt  ■ dl  ■' dt  "dt  dt  dt  dl 

To  simplify  the  algebra  let  A - — .B  = ^-.  atxl  C = — . So  LA  . MB  = I.  C.  L.B  + MA  = L C,A  + B = C.  Now 

dt  dt  di 

solve  for  .{  and  B in  terms  of  C <£, -A/M+(Af - Lj  )*  = 0 using  A*C-B.  B\+(\t  - L)B  ^ 0. 

(£,  -.W(C-(£,  -.W  )fl  *(.W  ~L,)B  - 0.  (1W  - 1,  - Ij  )fl  »(.W- 1,  )C  and  B —ijLzhl—.C. 

M-L. 


L . Substitute  .<  m c back 


But  Al 

(2M -L,  -Lj)  <2.1/  -ij)  IM-Li-L) 

into  original  cquatxm: 

. J?«LhLc - V-d  C - V.  Finally.  £,  - • 

ISS-Lt-L.  (2A  f-L,-L3)  2\i-Lt-L,  * ^ + ^-2X1 

EVALUATE:  If  the  flux  of  one  coil  doesn't  puss  through  the  other  coil,  so  St  - 0 * then  the  results  reduce  to  those 

of  problem  30.47. 

iDfAlltY:  Apply  Kixehhoft'x  loop  rale  to  the  top  and  buttom  branches  of  the  circuit. 

SET  Up:  Just  after  the  switch  is  closed  the  current  through  the  inductor  is  zero  and  tbc  charge  on  the  capacitor  is 


e 


t - 


Execute:  =±.<l-e £-!& -* -0»4 ^ «***). 


q,  = 1 '•  1 = £C(I  " 


a M»oo  n 


(c)Asf-*x>:  /,(x)-—  (1-e  ' )-—  - i_i_l  - 1 .92  A,  i\  = —c  - 0.  A good  definition  of  a “fcng  time”  is 
Rx  Rx  25.0  f 2 Rs 

many  time  ccmslants  later. 


3*4*  Chapter  M 


(d)  r,  'W Expanding  the  cxpanenliab  like 

K R R 


— r — -t  ■••,ac  lind:  — i-ij  — | l'  r---  = — 1— —■*— • and 
2 3!  L 2\  l ) R.  RC  2R  C1 


f|  — » — 1—  ? (Ar  l-t  - — . if  we  have  assumed  that  t « 1 . Therefore: 
L R,  C R. 


r | iS  011,5000 it’MP-io 1 ■)  ij|-6.,D.lk 

Q)  [L-R/Cj  1 8.0H  »(500012>*(2.0«  10  ' FI  J 

<e)  At  f = 1.57-10  *s:  ^ »£(l -c’«ai,)  = ii^.<l-e^*“)*9/lxl0o  A. 

R 25  ft 

<0  We  wan!  ti>  know  when  th:  current  is  half  its;  final  value.  We  note  that  the  current  j%  is  very  .small  to  begin  with, 
and  Just  gets  smaller.  so  we  ignore  it  and  find 

Lc  = 0.960  A ■ —(1  (1 .92  Anl-e ■ ,k  * * I.  » k 1 ‘ ■0.S00s>|b— lm'0.5) ■ *£*L|o(0.$)b 022s 

/?,  /?,  25  ft 


EVALUATE:  I,  is  initially  z^ro  and  rises  to  a final  value  of  1 .92  A.  i:  is  initially  9.60  mA  and  falls  to  zero.  qi  k 

initially  zero  and  rises  to  tf:  - SC  = 960  }/C . 


Alternating  Current 


31 


31.1.  IDENTIFY:  ; - / cot ac  and  JtMA  - l\J2. 

SET  L!P:  The  specified  value  is  the  rooc-nwan* square  current;  - 0.34  A. 

Execute:  (a)  /,„  ^0.34  a 
< It)  / ^ j2/m  - yfiiOM  A)  - 0.4S  A. 

(c)  Since  the  current  ix  positive  hilt’ of  tltc  time  and  negative  half  of  the  time,  itx  average  value  ix  zero. 

(d)  Since  /#(-  ix  the  square  root  of  the  average  of  j‘.  the  average  xquarc  of  the  current  ix  I\m  - 1 0.34  A)*  - 0.12  A*. 
Evaluate:  The  current  amplitude  ix  larger  than  itx  mix  value. 

31.2  IDEYITFY  and  Set  tn  Apply  Fqx.(3 1 .3 1 and  <31.4) 

Extent:  (a)  / - j2!„  = </2(2.IO  A)-  2.97  A. 

<l>)  / £(2.97  A)  =1*9  A. 

.t  x 

EVALUATE:  <c)  The  root-mcan-squarc  voltage  rx  always  greater  thin  the  rectified  average,  because  xquanng  th: 
current  before  averaging,  and  then  taking  the  .square  root  to  get  the  root  mean -square  value  will  alwavx  give  a 
larger  valix  thin  just  averaging. 

31.3.  Identify  and  Set  Up:  Apply  Hq. (3 1. 5). 

r jsftv 

Execute:  («)  V = - —K — 31.8V. 

m‘2  s'- 

<h)  Since  the  voltage  ix  sinusoidal.  the  average  is  zero. 

Evaluate:  The  voltage  amplitude  is  larger  than  Vm. 

31.4.  iDEMItV : Vi  IX,  wilh  Xt  *-L. 

SET  L’P:  oj  tx  the  angular  frcqiCTcy.  in  rad  s. 

Execute:  (a)  r = AY,  --L-  xo  / = r«C  = (60.0 VMHOrad/x)(120xl0‘  F)  = 0O132  A. 

<b)  / - y<oC  - (60.0  V)(I0()0  rad/x  )f  2.20  x 10~*  F)  = 0132  A. 

<c)  /-  VuC  -i 60.0  VHl0.000rad/xM 2.20x10*  F)  - 1.32  A 
<d|  The  plot  of  log/  versus  logo*  ix  given  in  Figure  3 1.4. 

Evaluate:  / - orf'Cso  log/  - logiFC)-*  logiu.  A graph  of  log/  verxus  log  to  should  be  a straight  line  with 

slope  * 1.  and  that  is  what  Fiuure  31 .4  shows. 


ICO  200  500  I0f*>  2000  W0  10(00 

Figure  3 M 
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31.5.  Identify:  V - IX\  with  XL  = mL. 

SET  UP:  m is  the  angular  frequency,  in  rail's. 

V 60.0  V 

Execute:  (a)  v - IX.  ^ JmL  and  / 0.120  a. 

(t>L  (ICC  rad/xHS.OO  II) 

V 60.0  V 

<b)/^ 0.0120  A. 

ojL  |10GOrad/sX5.00  III 

V 60.0  V 

(c)  / 0.00120  A 

o>L  (10.000  rad/*HS.OOII> 

(d) The  plot  of  log/ versus  logons  given  in  Figure  31.5. 

V 

EVALUATE:  / - — so  log  / - logil'/L) - logoi.  A graph  of  log  / versus  lg»  should  be  a straight  line  with 
slope  -I,  and  that  is  what  Figure  31.5  shows. 


11  t 

iw 

». 

IF.  1 

•A  I.V 

no? 

OOl 

• 
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0002 
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ICO  20:  503  10)0  2000  500010000  * 

Figure  31.5 

31.6.  IDENTITY:  The  rcactaixe  of  capacitors  and  inductors  depends  on  tlx  angular  frequency  at  which  they  arc 
operated,  as  well  as  their  cap&ritancc  or  inductance. 

SET  UP:  The  reactances  arc  Xt  - l.'wC  and  X\  - mL. 


EXECUTE:  (a)  Equating  the  reactances  gives  caL & - ■ , 

coC  *JLC 

(bl  Using  the  numerical  values  we  uet  m — 7.  ■ - — ■ * 7560  rad  's 

>jLC  VU  5.(10  mlCX-V50/iF| 

Xc  - XL  - «L  - (7560  rad's)(5.00  mil)  - 37.8  ft 
Evaluate:  At  other  angular  frcquctxics.  tlx  two  reaclaixes  could  he  very  different. 

3 1.7.  IDENTITY  and  SET  UP:  Foe  a resistor  vk  - iR.  For  an  inductor.  ve  - TcosIaw  + 90’  |.  For  a capacitor. 


vr*Eaw(«r-90&y 

EXECUTE:  The  graphs  arc  skctclxd  xn  Figures  31.7a*c.  The  phasor  diagrams  arc  given  in  Figure  31.7d. 
EVALUATE:  For  a resistor  only  in  the  circuit,  the  current  and  voltage  in  phase.  For  an  inductor  only,  the  voltage 
leads  the  current  by  90°.  For  a capacitor  only,  the  voltage  lags  the  current  by  90^. 


Figure  31.7a  and  b 


Altcrruiing  Curtcm  3I«3 


nduicn 


Figure  3l.7d 


31.8.  iDEVnfV:  The  reaclanre  of  an  mdixtor  »v  .V.  - mL  - 2.t  (I. . The  reactance  of  a capacitor  it  Xc 

1 oC  Zt  fC 

SETUP:  The  frequency  fu  in  II/. 

Execute:  (a) At 60.0 lb,  Xk  = 2*(60.0I  lz)<0.450ll)  =1700.  XL  rspre^irtwnal  loosest  600 llz.  A'. .-1700 Cl 

(b)  At  60.0 llz.  X,  ' = I.06>I0' 12.  X.  i*  proportional  lo  I f.  h>  it  600  Hz.  X,  -106a 

r 2.r|60.<)  I Iz M 2.50 * I <•  F)  ‘ ' ' ’ 

<c»  A'.  -X,  ay*  2a fl. — and  / 1 , ‘ 150  llz. 

- IjZ'jLC  2*y(0.450 111(2.50-10  * Fl 
EVALUATE:  Xl  increases  when/ increase*.  Xt  increases  when/ increases. 

3 1 .9.  IDENTIFY  and  SET  Up:  Use  Eqs.<3 1 . 1 2 ) and  < 3 1 . 1 8). 

Execute:  (a)  Xx  = <»/.=  2xJL  - 2x<80.0  ILeXA.OO  II)  = 1510  fl 

(b)  A-.  = 2a  fL  give*  L = -ii — - 0.239  II 

' 2a  / 2t(S0.0  llz) 

(f ) X,  = — = — — ! 497  n 

caC  2k JC  2.t(S0.0  II/X4.I»«I0‘ R 

Id)  X,  a ivaC  = . ! ! 1.66x10  ' F 

2a  fC  2.T fXe  2.t|80.0  l!/){  120  HI 

EVALUATE:  Xt  increases  when  L increases;  .V,  decreases  when  C increases. 

31.10.  Identify:  Vl  * l col 


Set  Up:  g>  rt  the  annular  frequency,  in  rad's.  1 = — is  the  frequency  in  II/. 

Execute:  v.  = Jt»L  so/-  -Li ;12  l)  V| i.63xio*  llz. 

L 2 tolL  2*12.60*10  * AX4.50x  10  4 II) 

Evaluate:  When  / is  increased,  / decreases. 

31.11.  Identify  and  Set  Up:  Apply  K5qs43l.l8)  and  (31.19). 

Execute:  r-/A\  so  A'  = 1 - 2X  n 

/ 0.850  A 

A*.  gi vc%C=- = 1.33x10  * F = 13.3  uY 

teC  2xf  A',  2*(60.0  IIzX^OOO) 

Evaluate:  The  reactance  relates  the  voltage  amplitude  to  the  current  amplitude  and  is  similar  to  Ohm's  law. 


31-4  Chapter  31 


31.12.  IDE  vim : Compare  v.  that  is  given  in  the  problem  to  the  general  form  iv  stnatfand  determine  ft?. 

61 C 


Si;r  Up:  A' 


;R  and  t - / cosa. 


ojC 

Execute: 

(a)  Xc  = 

<h»/  1 

7.60  V 

1736  o 

vk  = i7?  = <4.38x10*  / 

ft 


<'  (I20rad;stf4.80xl0*  F) 

4.378*10  1 A and  i = =(4.378*  10  1 AkcoNlM rad's*].  Then 


EVALUATE:  The  vohage  across  the  resistor  has  a different  phase  than  th:  voltage  aertnes  the  capucitor. 

31.13.  IDENTIFY  and  SET  UP:  The  voltage  are!  current  for  a resistor  are  related  by  v*  - i R.  Deduce  the  frequency  of  the 
voltage  and  use  this  in  I:q.|31.l2)  to  calculate  tlie  inductive  reactance.  Fq.(3l.  10)  gives  the  vohage  across  the 
inductor. 


Execute:  (a)  »•  = <3.80  V)c<*|(720  nd  sir  I 


. V,  3.S0V 

\\  - in,  50  l 

R 15012 


cos((?20  rad  iX\  ^ <0.0253  Ateosl<720  rad  %yj\ 


<b>  X^-toL 

m ^ 720  rad  s.  L = 0.250  II.  so  \\  = mL  = <720  rad  sH0.250  »l>=  180  O 

<c> If  r = /cosfttf  then  vt  = Yt  oosIav  ^ 90°)  < from  EqJ 1.1 0y  V^lmL^lXi  = <0.0253.1  A#  1 80  O)  = 4.56  V 
\\  =<4.56  V)co*<?20  rad's*  *90:| 

Hut  catlap 90°)--sintf  (Appendix  BX  *o  vL  = —<4.56  V)sin«?20  radx|f|. 

Evaluate:  The  current  is  the  same  in  the  resistor  and  inductor  and  the  v oltages  are  90°  out  of  phase,  with  the 
voltage  across  the  inductee  leading. 

11.14.  IDF.M1FY : Calculate  th:  reactance  of  the  inductor  and  of  the  capacitor.  Calculate  the  impedance  and  use  that 
result  to  calculate  the  current  amplitude. 

s»:r  L*P:  With  no  capacitor.  A - JR*  -f  X[  and  land  - — . XL  - c?L.  / - Vk  - IX t and  Vt  - JR.  For  an 
inductor,  the  voltage  leads  the  current. 

EXECUTE:  (a)  Xx  ^ ?L  = <250  rid  sX0.400  II)  - 100  n.  A - yj\ 200  0)7(100  Of  - 224  *1 

(b)/-L  = 2MX«0.134A 
/ 224  n 

<c>  Vk  = //?  = (0.1 34  AM200f2)  = 26.8V.  Vt  = /.V.  =(0.134  A)(l00n>  = 13.4  V. 

(d)  tand  — - T— ^and  d - *26.6°.  Since  ^is  positive,  the  sounre  vohage  leads  the  current. 

(e)  The  phasor  diagram  isskrtchcd  in  Figure  31.14. 

Evaluate:  Note  thit  Vg  + vk  is  greater  than  V.  The  loop  rule  is  satisfied  at  each  instance  of  time  but  the  voltages 
across  R and  /.  reach  their  maxima  at  ditferent  times 


31.15.  IDENTIFY:  i4(f)  is  given  by  Fq.(31.8).  v4 (0  is  given  by  Eq.(3l.l0). 

SETUP:  From  Exercise  31.14,  l'  = 30.0Vf  Ff=  26.8  V,  Vg  =13.4  V and  <*^26.6°. 

Execute:  (a)  The  graph  « given  in  Figure  31.15. 

<b)  The  different  voltages  arc  v = <30.0  V)cos<250r  + 26.6°).  vA  = (26.8  V)cos(250/>, 
v =<13.4  V)cos<25Qf  r90plAt / = 20nw:  v=20.5V.  i = 7.60V.  v = 12.85  V Note  that  » +v ■ =r 


AltcnuiingCuncnt  31-5 


31.16. 


31.17. 


(O  At  r - 40 ms:  v* -15.2V,  v,  - -22.49  V,  v,  = 7.29  V.  Note  Ihi  v^v^v 
EVALUATE:  It  is  important  to  he  cureful  with  radians  versus  degrees  in  above  expressions! 

V 


iDi.Min:  Calculate  tlv  reactance  of  the  inductor  and  of  the  capicilor.  Calculate  the  impedance  and  use  that 
result  to  calculate  the  current  amplitude. 

SET  UP:  With  no  resistor.  / - J(.V  - .V,  - I.V.  - A'  I land  i — — . A'  — !—  X.  -ml.  For  an 

v 1 1 zero  mC 

inductor,  the  voltage  leads  the  current.  For  a capacitor,  the  voltage  lags  the  current. 

Execute:  (a)  A'  - atL  - (250  nid's)(0.400  1 1 ) - MHO  (>  V ! 667  a 

‘ fdC  (250nd*|6.0)xl0  FI 

7.  = |A',  - X,\  - 1100  n - 667  li|  - 567  a 

V 30.0  V 

",»r -7-7670- *0O529A 

(c)  »;  - IX,  - (0.0529  AM 667  JI)  = 35.3  V.  - IX.  - (0.0529  AMI00  li)  a 5.29  V. 


(dtun  4-X±Z± 
/CIO 


iooa-66?  n 


ten 


- -<*•  and  d - -90°.  Th:  phase  angle  is  negative  and  the  source  voltage  lags 


the  cuncnt. 

(e)The  phasor  diagram  is  sketched  in  Figure  31.16. 

EVALUATE:  W hen  .V,  > Xk  the  phase  angle  is  negative  and  the  source  voltage  lags  the  current 


iDf.MIH  and  SET  UK  Calculate  the  impendance  of  the  circuit  and  use  Fq.t  3 1 .22)  to  find  the  current  amplitude. 
The  voltage  amplitudes  arross  each  circuit  c ferment  are  given  by  Eq*.(3I.7K(3l.  13).  and  (31.19).  The  phase  angle 
is  calculated  using  Fq.(31.24|.  The  circuit  is  shown  in  Figure  31.17a. 


No  indiKtoc  means  X(  - 0 
R - 200  O,  C - 6<C  x 1 0 * F. 
V ^ 30.0  \\m*  250  rad/s 


Figure  31. I7j 
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.11.18. 


.11.19. 


EXECl  IE:  (a)  V'  = -1_  666.7  O 

1 } c tuC  (250  rad*'s)(6.00x  10  * F) 

7.  - y]ft:+(Xx-Xt  )3  - ^(200  0)*  + (666.7  ft)*  - 696  Cl 
K 30.0  V 

(b)  / -0.043!  A - 43.1  mA 

Z 6960 

[c\  Voltage  amplitude  across  the  resistor:  VA  - Hi  - (0.043 1 AM200  0>  = 8.62  V 
Voltage  amplitude  across  the  capacitor  Vc  - /.V,  - (0.M3 1 AX666.7  O)  = 28.7  V 

(d>  land  - - ‘ ~ V‘  - 661,7  “ - -3.333  so  4 - -73.3" 

R 200  ii 

The  phase  angle  it  negative,  to  the  source  voltage  lags  behind  the  current. 

(e)  The  phasor  diagram  is  sketched  quilitativelv  in  Figure  31.1 7b. 


Figure  31.17b 

EVALUATE:  The  voltage  across  the  resistor  is  in  phase  with  the  current  and  the  capacitor  voltage  lags  the  curreti 
by  90°.  The  presence  of  the  capacitor  causes  the  source  voltage  to  lag  behind  the  current.  Note  that  > V. 

The  instantaneous  voltages  in  the  circuit  obey  the  loop  ruk:  at  all  times  but  because  of  the  phase  differences  the 
voltage  amplitudes  do  not. 

IDENTIFY:  v4(0  is  given  by  Fq.<3l.8).  vt  (fHs  gisvn  by  Eq.(31.16). 

S»:r  UP:  From  Exercise  31.17.  F - 30.0  V.  VM  = 8.62  V.  Vc  = 28.7  V and  * = -73.3°. 

Execute:  (a)  The  graph  is  given  in  Figure  31.18. 

(b)  The  different  voltage  are: 

v-(30.0  V)cos(250f  -73.3°).  vk  = (8.62 V)ct»(25(VK  *V  = (2S.7 V)cosC250f-90°).  At  r-20ms: 
v = -25. 1 V.  vA  = 2.45  V.  vc  = -273  V.  Note  that  vM  + vc  = v. 

(c>  At  r - 40  ms:  v = -22.9  V,  v>  = -7.23  V.  vc  = -1 5.6  V.  Note  that  v> ♦ vc  = v. 

EVALUATE:  It  is  important  to  he  careful  with  radians  vs.  degrees* 

V 


IDENTIFY:  Apply  the  equations  in  Section  31.3. 

SET  UP:  o>  - 250  rad  s.  R ^ 200  iX  L = 0.400  II.  C - 6.00  /#F  and  V - 30.0  V. 
EXECLTE:  (a)  7.  -^R1  - I laC)‘. 

/ - ,/l20l> 1J)!  ((250  rad  *M0.040(»  1 1 ) - 1 (<250  radsH6.<H0 - 10  * Dll’  ^ 601 U 

IXIO-667n'| 


(b)  /---  1(1  V -00199  A. 

’ Z Will 


(OC- 


- sretanj 


roL-UtaC  \ 


loon 


- -70.6  . and  th:  voltage  lass  the  current 


Alternating  C uncut  3t-7 


31.20. 


31.21. 


31.22. 


<d)  Vk  = IR-  (00499  AM 200  O)  9.98  V; 

V,  - /a»/.  - (0.1X199  AM250rjd/sK0.400in -4.99  V:  V.  -- " 1 Al = 33.3  V. 

1 H uC  (250  radXHO.COx  10  F) 

Evaluate:  <c)  At  any  instant,  v - vM  +vc  + vc.  But  v,  ami  vt  are  180°  out  of  phase,  so  v>  can  he  larger  thin  v 

at  a value  of  /.  if  \\  -f  vM  is  negative  at  that  /. 

IDENTITY : v4(r)  is  given  by  Cq.f3l  .8K  vc(t)  t<  gi\en  by  Cq.(31.16).  v1(l)  b given  by  Fq.(31.10K 

SET  UP:  From  Exercise  31.19,  fa  30.0  V.  Vt  = 4.99  V.  Vk  = 9.98  V.  V(  - 33.3  V arxl  « = -70.6°. 

EXECUTE:  (a)  The  graph  rs  sketched  in  Figure  3 1 .20.  The  different  voltages  plotted  in  the  graph  arc 
v - (30 V)cos(250r - 70.6°),  v*  = (9.98  V)cos(250*k  v4  =<4.99  V)cos(25Gr  r 90°)  and  v,  -(33.3  V(cos<250/ -90°|. 
(b) At  f = 20ms:  v = -24.3  V,  »•*=  2.83  V.  vA« 4.79V,  \\  =-31.9 V. 

<c>At  r-40ms:  v = -23.8V,  »>=-S.37V,  v1=2.71V.  >*.=-18.1V. 

EV  ALUATE:  In  both  parts  (b)  and  (c).  note  that  the  source  voltage  equals  the  sum  of  th:  other  voltages  at  the 
given  instant.  Be  careful  with  &grccs  versus  radians! 

V 


IDENTITY  and  SET  UK  The  current  is  largest  at  the  resonance  frequency.  At  resonance.  Xx  - Xt  arxl  7.  - R.  For 
part  <b).  calculate  / and  use  / = VfZ. 


Execute:  (a)  L - _-U3llz.  / = WJ?s|5.0mA. 

2xjLC 

(h)  A',  = N«uC  - 5011  .V,  ^.£»/.^l60n  7.  = r (A',  - X,  I1  - J(200ny  ♦ (1600-50001'  -394.511 

/ = VIZ  - 7.61  mA.  Xc  > X.  so  the  source  voltage  lags  the  current. 

Evaluate:  <q,  - 2;r/t.  — 710  rail  s.  m - 400  rod's  and  is  less  than  a*,.  When  cj<m, . Xt  > Xt.  Note  that  / in 
pari  <b  l is  krss  than  / in  part  (a). 

Identity:  Hie  impedance  and  individual  reactances  depend  on  the  angular  frequency  at  which  the  circuit  is 
driven. 


SET  Up:  The  impedance  is  Z - JR‘  1 1 mL  - — I « lhc  tunent  ampJitud:  is  / - V/Z,  and  the  instantaneous 


values  of  the  potential  and  current  are  v — V cosUtf  4 where  tan  <Y4  Xc)>R.  arxl  i - / cos  cot. 

EXECUTE:  (a)  Z b a minimum  when  coL  - -2—.  which  gives  ta - ■ 3162  rad  s - 

&c  yjLC  ^(S.OOml!)(l2.5/fF) 

3160  rad  s and  Z - R - 1 75  £2. 

<b)  / - VZ  - (25.0  V) ’<  1 75  H)  - 0. 143  A 

<c)  i - /cos  AT-  72*  so  COSA1  - T,  *hich  gives  (ei  - 60°  - x'3  rad.  v - Vaxtffd  * where  tan  * - (A*  - XcVR  - 
0 R -0.  So,  v - (25.0  V)  cckat  - (25.0  VK  I 2>  - 12.5  V. 
v*-tf«  -<175 QKI^XO.143  A)  - 12.5  V. 

vc  " V,  costal  90: 1 - /.V.  corf  a*  90p>  - .-1-- ^ co*60°  - 90°)  - *3. 1 3 V. 

C 1 (3162  rrxlSH  12.5  jiFl 
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31.23. 


31.24. 


31.25. 


31.26. 


H- KtCMCor  » 90°)-/.V.  co4ft*  • 90°)  - (0  143  AK3I62  radsXSOO  mill  cos(60°  ♦ 90:% 

H— 3.13  V. 

Id}  va  + vt  4 »v  - 12.5  V - (-3.13  V)  ♦ 3.13  V - 12.5  V - vw» 

EVALUATE:  The  instantaneous  potential  ditVcrcnces  across  all  the  circuit  dements  always  add  up  to  the  value  of 
the  source  voltage  at  thit  inviant.  In  this  case  trcsonaixc).  tlx  potentials  across  the  inductor  arxl  capacitor  have  tlx 
same  magnitude  but  arc  1S0°  out  of  phase,  so  they  add  to  zero,  leaving  all  the  potential  difference  across  the 
register. 

IDENTIFY  and  SET  Ur.  Use  the  equation  that  prccceds  Ivq.(3 1 .20}:  V1  ^ Vl  + (K  - K ? 


Execute:  V - ^(30.0  vy  * (50.0  v - 90.0  vy  - so.o  v 

EVALUATE:  The  equation  follows  directly  front  the  phasor  diagrams  of  Fig.3 1.1 3 (b  ore).  Note  that  tlx  voltage 
amplitudes  do  not  simply  add  to  give  170.0  V for  the  source  voltage. 

IDENTIFY  and  SET  Lf:  X -<aLmd  X — — 


Execute:  (a)  If  & - al  ■ ■ ■*  . then  x - mL  - — 

yJLC  tuC 

(b)  When  /y  >tal%  X>0 

(c)  When  A'<0 

(d)  The  graph  of  X versus  & is  given  in  Figure  31.24. 
Evaluate:  / ^ yfFTx7 and  tan^  - X i R 

X 


X - 


7i7~7~JI7- 


SET  Up:  20.0  W rs  the  average  power  P . 

EXECUTE:  (a)  The  average  power  is  one-half  the  maximum  power,  so  the  maximum  instantaneous  power  is 
40.0  W. 

p 2o.o  \v 

(b>  — 0. 1 67  A 

\\m  120  V 

200  w 


?20fl 


/•  (0.167  A t 


y} 


Evaluate:  We  can  also  calculate  the  average  power  as  P - — — — - 


(120  V) 


- 20.0  W. 


R R 750  « 

IDENTIFY : The  average  power  supplied  by  the  source  is  P - cos$$.  The  power  consumed  in  the  resistance 

is  P=l\  R. 


SETUP:  £j)  = 2.rf  = 2*(l  .25x10*  llz>  = 7*54 x 10'  rads.  Xc=oL  = I57H.  X\ 909  Q 

o>C 

Execute:  (a)  First,  let  us  find  the  phase  angle  between  the  voltage  and  the  current: 

land and  d - -65.04°.  The  impedance  of  the  circuit  is 

R 350  il 

Z - ylR:  + (Xl  - Xc)1  - J(350O)'  *(-752  0)*  - S30  Q.  The  average  power  provided  by  the  generator  is  then 


P ■ V / cosi^)- 


VL 


<4)  - {{^y  cos< -65.04°}  - 7.32  W 


A1  terming  C latent  31-9 


31.27. 


31.28. 


31.29. 


31.30. 


(10  The  average  power  dissipated  by  the  resistor  is  rA  - i*mR  - 1 ^ ^ ■ * i <35U£2t  - 


120  V 


7.32  W. 


Evaluate:  Conservatxm  of  energy  requires  that  th:  answers  to  parts  fa)  and  (b)  are  equal. 

iDf.MItY:  The  power  factor  is  costf.  wforre  p is  the  phase  angle  in  Fig.31.13.  The  average  power  is  given  by 

I:q.(3I.3l).  Use  the  result  of  part  (a)  to  rewrite  this  expression. 

(a)  Sei  Uf:  The  phasor  diagram  is  sketched  in  Figure  31.27. 


Execute: 

F rum  the  diagram 

Yu  IR  R 


COS^  - —1  - - — - — 

V l Z Z 
its  was  to  he  shown. 


r r. 


Evaluate:  In  an  /.*#-C*circuiL  electrical  energy  is  stored  and  released  in  the  inlurtor  and  capacitor  but  none  is 
dissipated  in  either  of  these  cireuit  dementx.  The  power  delivered  by  the  source  equals  the  power  dissipated  in  the 
resisted. 

Identify  and  SET  Up:  Pm  = Vtnl9m  cos*.  Imm  - — . cos*  - 1. 


°V  0.762  A.  cm^-Zli£-0.7l4.  P.  =(80.0  VX0.762  AM0.7I4)  = 43.S  W. 


Execute:  / 

105  0 * 105  0 

Evaluate:  Since  the  average  power  cceisumcd  by  the  inductor  and  by  the  capaciti>r  is  zero,  we  can  also 
calculKe  the  average  power  as  P4,  = J^R  ^ (0.762  A)1  (75.0  O)  = 43.5  W. 

IDENTIFY'  and  SET  Up:  Use  the  equations  of  Section  31.3  to  calculate  Z and  Vmm.  The  average  power 
delivered  by  th:  source  is  given  by*  Klq.(3 1.3 1 ) and  the  average  power  dissipitcd  in  the  resistor  is  P^R 
Execute:  (a)  \\  ^a>£  = 2t/I  = 2*(400  llzXO.I20H>^  301.612 

A|  “ 2.7(400  11x87.3x10*  Hz)  “ 54  51  ° 


tan* 


X.  - X.  301.6  0-54.41  Cl 


so  * - +45.8°.  The  power  factor  is  cos  * - +0.697 


R 240  n 

(b>  Z - Jk:+(XA-Xf)*  - ^(240  Cly  + (30 1 .6  Cl  - 54.5 1 Cly  - 344  Cl 

(c)  = f^Z  - (0450  AX344  Cl)  = 155  V 

(d)  P„  = Stmymm  cos*  - (0.450  AM  1 55  VX0.697)  - 4S.6  \V 
(e>  P ^ I;tR  - (0.450  A)*'(240  Cl)  - 4S.6  W 

EVALUATE:  The  average  electrical  power  delivered  by  the  source  equals  the  average  electrical  power  consumed 
in  the  resistor. 

(ft  All  the  energy  stored  in  the  capacitor  during  cmc  cycle  of  the  cunent  is  released  back  to  the  circuit  in  another 
part  of  the  cycle.  There  is  no  nrt  dissipation  of  energy  in  th:  capacitor. 

(g)  The  answer  is  the  same  as  for  the  capacitor  Energy  is  repeatedly  being  stored  and  released  in  the  inductor,  but 
no  net  energy  is  dissipited  there. 

IDENTIFY:  The  angular  fluency  and  the  capacitance  can  be  used  to  calculate  the  reactance  Xt  of  the 
capacitor.  The  angular  frequency  and  the  inductance  can  be  used  to  calculate  the  reactance  Xx  of  the  inductor. 
Calculate  the  phase  angle  *and  then  the  power  factor  is  cos*.  Calculate  the  impedance  of  the  circuit  and  then  the 
ms  current  in  the  circuit.  The  average  power  is  P^  - 1 afc/.B*co**.  On  the  average  no  power  is  consumed  in  the 
capacitor  cr  the  inductor.  it  is  all  consumed  in  the  resistor. 

V 45  V 

SET  UP:  The  source  has  mis  voltage  V — — ■ — - 3 1 .8  V 


12  ^2 
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31.31. 


31.32. 


31.33. 


31.34. 


Execute:  Xl  = (360 rad’sXl 5x10°  ll)-5.4ft  A'=  — 

«C  (360  radrsX3.Sx  10  F) 


tantf  - 


Y,  - -V,  5.4Q-7W  Q 


15012 


and  ^ - -72.4°.  The  power  factor  is  cm  6 - 0.302. 


(b>  Z - ^0?*’  t (A\  - X ) - ni'(250  ClY  + C5.4  O - 794  nr'  827  a.  Ittm-^SL- = 0.0385  A. 

^ = *'J-Bcos#sfll.8  VK0.0385  AH0.302)  = 0.370  W. 

(c>  The  average  power  delivered  to  the  resistor  is  Pm  - /jmR  - <0.0385  A):<250 12)  - 0.370  W.  The  average  pcwei 
delivered  to  th:  capacitor  and  to  the  inductor  is  *cn>. 

Evaluate:  On  average  the  power  delivered  to  th:  circuit  equals  the  power  consumed  in  th:  resistor.  The 
capacitor  and  inductor  store  cVrctrical  energy  during  part  of  the  current  oscillation  but  each  return  the  energy  to  the 
circuit  during  another  part  of  the  current  c>ele. 

IDENTIFY  and  Set  Up:  At  the  resonance  frequctxy.  Z-R  Use  that  I'-  JZ.  Vt  JR,  Y\  - IX.  and  Vc  = IX c . Pm 
is  given  by  Eq.(3l  .31  >. 

(a)  Execute:  V - JZ  - JR- <0.500  A)(300 tl)  = 1 50  V 
(b>  VM  - JR  - 150  V 

X.  -ail  - /.(I I JlC)  - JlTc  - 25H2  O:  V,  - IX,  - 1 290  V 

A',  = I .'(<uO  = -JUc  - 2582  U;  V,  - IX,  - 1290  V 

(c>  /;.  - 111  cm  f - ~I:R.  vitKc  V - IR  and  cm$  - 1 al  resonance. 

P„  - A( 0.51X1  AVI 300  O)  - 37.5  W 

EVALUATE:  Al  resonance  V,  = V(.  No»c  that  V.  ♦ I'  > V.  I linvever.  al  any  inOant  i,  •*  vt  - 0. 

IDLVIIFY : The  current  is  maximum  at  the  resonance  frequency,  so  choose  C such  that  <v  - 50.0  rad  s is  the 
resonance  frequency.  At  the  resonance  frequency  Z-R 
Set  Up:  Vt  - icol 

V 

EXECUTE:  <j)  The  amplitude  of  the  current  is  given  b v / - 

P ***-&? 


Thus,  the  current  will  have 


maximum  amplitude  when  mL  - — Therefore.  C \ ! 44.4  uY. 

**  <a‘L  (50.0  rad*'s  f (9.00 ! I ) 

•acitancc  calculated  above  wc  find  that  Z-R.  and  the  amplitude  o 
- 0.300  A Thus,  the  amplitude  of  the  voltage  across  the  inductor  is 


(b)  With  the  capacitance  calculated  above  wc  find  that  Z-R.  and  the  amplitude  of  the  current  is 
V 120  V 
1 T<~  TuiTTT 

Vk  - H&L)  = (0.300  AX 50.0  rad  SM9.CXI  II)  = 1 35  V. 

Evaluate:  Note  thit  Y\  is  greater  than  the  source  voltage  amplitude. 

IDENTIFY  andSET  Ur:  At  resonance  X.  = X€%  0 and  Z-R  R-  150  Q.  L - 0.750  II. 

C -0.0180 //!\  r = !50  V 

X ~ X 

Execute:  (a)  At  the  rcscciance  frequency  Xx  - A’(  and  from  land  - — ; — — 

R 

power  factor  is  cos  0 - 1 .00. 

|b)  P„  - AI7  cos  0 < I;q3 131) 

V V 

At  the  resonance  frequency  Z - so  / - - 

Z R 


- we  have  that  4 - 0°  and  the 


‘ R I ■ 150  0 


(c)  EVALUATE:  When  C and/ are  changed  hut  the  circuit  is  kept  on  resonance,  nothing  changes  in 

Ps,  - f*  .'(2ft).  so  the  average  power  is  unchanged  Pdl  - 75.0  W.  The  resonance  frequency  changes  hut  since  Z - 

R at  resonance  the  current  doesn’t  change. 

Identify:  <xv  ^ . Vc  - IX c.  V - IZ. 

SET  Up:  At  resonance.  Z - R. 
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31.35. 


31.36. 


31.37. 


Execute:  (a)  m.  — 1 ! 1.54x10*  net's 

yJLC  ^<0.35011X0.0120x10*  F) 

n»>  V -IZ-\lL.\z-\h-\R.  Xd  = — ^ ! 5.41  x 10*  it 

1 X,  : [X,  * uC  11.54x10*  rad.S|<0.0120x|0*  Fl 


-(  5S0V 
\ 5.41x10  Q ) 


40)  O)  - 40.7  V. 


Evaluate:  The  voltage  amplitude  fi>r  tSc  capacitor  is  more  than  a factor  of  10  tmxs  greater  than  the  voltage 
amplitude  of  the  source. 

IDENTIFY  and  Si: T UP:  The  rcscciance  angular  frequency  is  , X±  - mL.  Xt  and 

Z = yjx3  +(XL  - Xc)*.  At  the  resonance  frequency  X.  - Xt  and  Z - R. 

Execute:  (a)  z = tf  = lisn 

to tea.,  ! = 133x10*  rad's.  » = 2ru.  = 2.66x10*  rads. 


^4.50x10  ' 11X1-26x10  " F> 

X.  — coL  * 1 2.66 x 10*  rads)(4.50x!0  1 Il)  = l20fl  X\  = = 


wC  (2.66x10*  n>d'*Xl-25x  10 * F> 


- 30  il 


z = J(i is  nr  *(i2on-3o  nr  -i46tt 


(c)  nr-nr,  .‘2 -665x|0‘  rads.  ,V-30tt  Xc  ~ -L  = 120  fl  Z - J(l  15  ily  +<30  Cl  - 120  ClY  -146  0.  the 
same  value  ax  in  part  lb). 

Evaluate:  For  to  - 2<q,.  X(  > Xc.  For  at-M,:  2,  Xx  < Xc.  But  {Xt  - Xc)*  has  the  same  value  at  these  two 
frequencies,  so  Z is  the  some. 

IDENTIFY:  At  resonance  7 - R and  X = X . 


SET  Up:  =-?— . K = /Z.  - JR,  VL  - IX t and  Vc  = \\. 

Execute:  (a)  1 £45rud,'*. 

|\0.280ll)( 4.00x10*  F) 

r 120V 

|b)  / - 1 .20  A at  resonance,  so  R - 7 - — - ^ = 70.6  ft 

(c>  At  resonance.  IV-120V.  \\  -Vt  = /<uL  = (1-70  A)(945rad/s)(0.2S0H)*45O  V. 

Evaluate:  At  resonance,  I V = K and  I'.  - = 0. 

IDENTIFY  and  SET  Up:  Eq.(31 .35)  relates  the  primary  and  secondary  voltages  to  the  number  of  turns  in  each.  / - 
V/R  and  the  power  consumed  in  the  resistive  load  is  /‘^  = 

(c > P„  - lin  - (’.40  A)'(5.00  U>  = 28.8  w 

(d)  The  power  drawn  from  the  line  by  the  transforms  is  the  28.8  W that  is  delivered  by  th:  load. 

R P 28.8  W 


And  | A-  | (5.00  (>)  = (I0)'(5.00  tl)  - 500  O.  as  was  to  be  shown. 

EVALUATE:  The  resistance  is  “transformed".  A load  of  resistance  R connected  to  the  secondary  draws  the  xam: 
power  as  a resistance  (iV,.riV%)“i?  connected  directly  to  the  supply  line,  without  using  the  transforms. 
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31.38. 


31.39. 


31.40. 


31.41. 


31.42. 


Identify:  Pm  =17  and  P^x  = P„2.  — = -i. 

jV2  Kj 

Set  Up:  Vx  = 120  V.  K,  = 13,000  V. 

_ , , iVs  K 13.000  V liWi 

Execute:  <j)  — - — - los 

*V,  \\  120  V 

|H>  Pti  =r,/j  = (13,000  VX8.50X  10  * A)  = IIOW 

(c)  0.917  A 

* r 120  v 

Evaluate:  Since  the  power  supplied  lo  the  primary  must  equal  the  power  delivered  by  the  secondary,  in  a tfep- 
up  transformer  the  current  in  the  primary  is  greater  than  the  current  xn  the  secondary. 

y ^ 

IDF.  MUM  A transformer  transforms  voltages  according  to  — The  effective  resistance  of  a secondin' 

K \ 

R y3 

circuit  of  resistance  R is  g — - — . ^C!<,s*aI>:c  R li  related  to  PSi  and  J'bv  P^  — — . Conservation  of  energy 
requires  P*t=Pm : so  Vxlx  = VAy 

SET  UP:  Let  V - 240  V and  Vx  - 120  V.  so  /J  - 1600  W.  These  voltages  arc  rms 


Execute:  (a)  V - 240  V and  we  want  V1  = 120  V.  so  use  a step  down  transformer  with  V,/iV 


i “T 


U*  (120  V) 


- 9.00  il  The  clfuctivc  resistance  of  the  blower  is 


(cl  Hie  resistance  R ot  the  Mower  is  R — 

r 1600  w 

* oa 

*•  (i.'2r 

EVALUATE:  J)\  = (13.3  AX120  V)  - 1600  W.  Energy  is  provided  to  the  primary  at  the  same  rate  that  it  is 

consumed  in  th:  secondary.  Step  down  transformers  step  up  resistance  and  the  current  in  the  primary  is  levs  than 
the  cunent  in  the  secondary. 

IDIMUY:  7 - JR’+(X,  -A',)J.  wllh  A",  - ml  and  A',  - — 

SET  Up:  The  woofer  lias  a R and  /.  in  scries  and  the  tweeter  has  a R arid  C in  series. 

Execute:  <■)  Z, - JF7iIJZc7 

|b>  Z...w  = 

(cl  If  V.t  , = Z . . then  th:  current  splits  evenly  through  each  branch. 


(cl)  At  the  crossover  point,  where  currents  arc  cquil.  R‘  + (1/a>C**  | = R’  ^(mX.)* . o — j—  and 
<v  1 
' ~ " 2it  -JLC 

Evaluate:  The  eras  saver  frequency  corresponds  to  the  resonance  frequency  of  a R-(^L  circuit,  since  the 
crossover  frequeixy  rs  where  XL  = X( . 

iDEVnFY  and  SET  UP:  Use  Eq.(3l.24)  to  relate  /.  and  R to  *.  The  voltage  across  the  coil  Vrads  the  current  in  it 
by  52.3°,  so  * = +52.3*. 

X ~ V V 

Execute:  tan*  - — — — . But  there  is  no  capacitance  in  the  circuit  so  A'  - 0.  Thus  tan*  - — L and  -V.  - 


R tan *-(48.0  0) tan 52.3° -62.1  Q.  X.  -toL-lx/L  s oi-ii-  — 0.124  II. 

4 2r/  2x(80.0  Hz) 

EVALUATE:  * > 45°  when  (XL  - A',  | > which  is  the  case  here. 

IDEVnFY : Z = X.-X.tK  /...*%••  Vnt  = !.mR.  Vc„.  = ln.Xc.  V,  ,m  - l,„Xl. 


V 30.0  V 

Vr2  J2 


SET  UP:  V 


21.2  V 
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31.43. 


31.44. 


31.45. 


EXECUTE:  (a)  to  - 200  rail's, so  Xt  ^ col  = |200  rad  sKO  4«»  III  - 80.0  12  and 


AV--1 ! 83311  Z - J<2«)  12)  -f  (KO.O 12 - 833  12)*  - 779  12. 

mC  (200  fad'sX6.00xlO  F)  ' 

Imm  • — - ^ 0.0272  A.  r,  reads  /,../?  ^ (0.0272  AK200  12) - 5.44  V.  V:  reads 

KAiw  = = (0.0272  AX80.0 12)  - 2. 18  V.  \\  reads  \\  _ = ImmXc  =(00272  AX833 12)  = 22.7  V.  reads 
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- K =*  |2. 1 8 V - 22.7  V|  - 20.5  V.  Vt  reads  V„A  - 2 1 .2  V. 


<b)  to  - 1000  rad  s so  XL  -<»/.=  (5)(80.0 12)  - 400 12  and  X<  --L- i-lil  - 167  11 

Z - ^(200  f) )*  ♦ <4<XI  12  - 167  12)1  - 307  O ^ J ’ - 0.0691  A.  Vx  reads  VkMm  - 13.8  V. 

VLm  = 27.6  V.  \\  reads  V<  ^ = 1 1 .5  V.  V4  reads  |;  ^ - Vt  ^ |«  |27.6  V-l  1.5  V|-  16.1  V.  V.  reads 
V -21.2  V. 


Vs  reads 


Evaluate:  The  resonance  frequency  for  Ibis  circuit  is  tot  ■ ^ - 645  rad  s.  200  rad's  is  less  than  the 

resonance  frequency  and  Tt  > XL.  101X1  rad  's  is  greater  than  th:  resonance  frequency  and  Xx  > Xt  . 
iDEVnn  andSKT  L7P:  The  rectified  current  equals  the  absolute  value  of  the  current  /.  Evaluate  the  integral  a* 
specified  in  the  problem. 

Execute:  (a)  From  Fig.31.3b.  the  rectify  current  is  zero  at  the  same  values  of  / for  which  the  sinusoidal 
current  is  zero.  At  these  L cos  wr  - 0 and  <\if  - ±t/ 2 * 3x/2 The  two  smallest  positive  times  arc 


(H)  A - ||  idt 


fciYsi-xdt  - -/  — sinmr 

l to 


(sinaiL  - sin a*  > 


si nt/Xl  - av\[eo(xf2io)]  - sin.e 2>  » 1 


^■1  — 

CO 


1 


<c)/..</i-rl)=2  //to 

/-t — — . which  is  Eq.(31.3). 

<u(r:-i,>  <u(3x/2rtf-*/2a0  * 

Evaluate:  Wc  have  shawri  that  I!qX3U)  is  correct.  The  average  rectified  current  is  less  than  the  current 
amplitude  /.  since  the  rectified  current  varies  between  0 and  /.  The  average  of  the  current  rs  zero,  since  it  has  both 
positive  and  negative  values. 

Identify:  X^&L  cos* 

SETUP:  / = 120  Hz; 


Execute:  (a) 


250  n 
’.r|120li/) 


= 0.3320 


<b)  / = ,/F  . X ‘ - ^|4IXlO);r(250O>!  - 472  o 


1:0% fi-—  and  / -fk.  /- 

7 ~ 7 "77 


V ^£,(472111  &Z-«6SV. 

— U \400n 

Evaluate:  / - ~ ■ 1.415  A.  Wc  can  calculate  P„  at  /;.R  -(I.4IS  A)-(40O  Ol  - 800  W.  which 


checks 

(a)  IDKNTIKV  and  SET  IT:  Source  vohage  lag.'  cuncnt  to  il  muit  be  lhai  X , > X,  and  wc  must  add  an  induct™ 
in  series  with  the  circuit  When  X(  - X,  the  power  factor  has  its  maximum  value  of  unity,  so  cakulate  the 
additional  /.  reeded  to  raise  Xt  to  equal  Xc. 
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31.46. 


31.47. 


31.48. 


(b)  EXECUTE:  power  factor  cos#  equals  I so  p -0  and  X<  - Xt.  Calculate  the  present  value  of  X,  -Xk  to 
tec  how  much  more  A'.,  is  needed:  R = /cos#  - (60.0  OHO.  720) -43/  O 

tan # - - — jr—  to Xt  -XC*R tan# 

cos#  - 0.720  gives  # - -43.95°  ( # is  negative  since  the  voltage  lags  the  current) 

Then  Xl  - X\  - R tan  # ^ (43.2  O)  taiH  -43.95*)  - -41.64  fl 
Therefore  need  to  add  4 1 .64  O ofA\ . 

X.  41.64  o 


A . - coL  - 2jt  1 1.  and  L — 


i>  133  It.  amount  of  inductance  to  add. 


2*/  2r(M).0IIz) 

EVALUATE:  From  the  infonnatxm  given  we  can’t  calculate  tlx  original  value  of  L in  the  circuit.  Just  how  much 
to  ;*ld.  Wlxn  this  L is  added  tlx  current  in  the  circuit  will  itxrcaxc. 

IDENTIFY:  Use  Vamt  - / to  calculate  / and  tlxn  find  R - l\R 
SETUP:  X - 50.0 fl 


Execute:  / 


240  V 

TMX 


- so.o n - yjR:  r A';  = Jr1 +(5o.o ci)1.  Thuss 


R - 80.00)'  -(50.00)*  - 62.4  fl  The  average  power  supplied  to  this  circuit  is  equal  to  the  pavver  dissipated 

by  the  resistor,  which  is  P ^ l;„R  - (3.00  A)*  (624  Cl)  = 562  W. 


Evaluate: 

P 


^no- 


X,  -A'.  -50.0  fl 


and  # = -38.7°. 


R 62.4  f l 

..  = (240  VM3.00  A)cosf-38.7°)  ^ 562  \V,  which  checks. 

iDEMItY:  TTic  voltage  and  current  amplitudes  are  the  tmximum  values  of  these  quantities,  not  necessarily  the 
instantaneous  valuer 

SET  UP:  The  voltage  amplitudes  are  \\  - Rl.  V,  - A'  /,  and  V,  - A'V.  wlxrc  / - VfZ  and 


1- 


R ;+|  <»L-  — 
atC 


EXECUTE:  (a)  to  - Isf-  2 xi  1 250  1 1/1  - 7854  rads.  Carrying  extra  figures  sn  the  cakulator  gives  Xi  - mL  - 
(7854  radsK3.50  mil)  - 27.5  Cl:  Xc  - l/tuT-  l.'I<7854  rad‘sK10.0^F)j  - 12.70, 

/ = yjR3+(  Xx-Xt  )*  - ^(50.0  OF  r(27.5  0-12.7  Cl)s  - 52.1  Cl 
\ - VfZ  - (60.0  VV<52. 1 fl)-  1.15  A;  Ve  - RJ  - (50.0  OKI.  15  A)  - 57.5  V; 

Vi  - A!/ -(27.5  OX1.15  A>  -31.6  V:  Vc  --&•/- (117  QX  1.15  A>-  14.7  V. 

The  voltage  amplitudes  can  add  to  mcec  tlian  fO.O  V because  tliesc  voltages  do  not  all  occur  at  tlx  same  instant  of 
time.  At  any  instant,  tlx  instantarxous  voltages  all  add  to  60.0  V. 

(b)  All  of  tlxm  will  change  because  they  all  depend  on  <u  Xi  - td.  will  double  to  55.0  O and  X(  - will 
decrease  by  half  to  6.35  O Therefore  / = %/(50.0  OF  r<55.0  0-6.35  O)*  - 69.S  O;  / - V/Z  - {60.0  V)  (69.8  O)  - 
O.S60  A:  K*  - IR  - (0.S60  AM50.0  Ol  - 43.0  V; 

Vi  - IXi  - (0.860  AM55.0  O)  - 47.3  V;  V - IXC  - (0.860  AW6.35  O)  - 5.47  V. 

EVALUATE:  The  new  amplitudes  in  part  (b)  arc  not  simple  multiples  of  the  values  in  part  {a)  because  the 
impcdince  and  reactances  are  not  all  tlx  same  simple  multiple  of  the  angular  frequerxv. 


iDf.vnn  and  Set  Up: 


' - ' 


EXECUTE:  (a)  -i-  - r*L  and  LC  - — . At  anuular  frequency  — ^-1—  - tojLC  - (2m.)  — - 4 

MtC  aX  " ’ Xc 

Xj  > X.  . 


( b > At  angular  frequerxv  toi%  — - 1 — 

Xc  ' 3 


- a;  >x\. 


Evaluate:  When  ft/ increases.  A',  increases  and  A*  decreases.  When  <u  decreases.  A*,  decreases  and  X 


increases. 

(c)  The  resonance  angular  frequency  co,,  is  tlx  value  of  to  for  which  Xt  — A'; , so  to,  - <ov 


Alienating  Current  31-15 


31.49. 


31.50. 


31.51. 


iDEMin  and  SET  Up:  Express  / and  / in  terms  of  1.  C and  R.  Tlic  voltages  across  the  resisted  and  tlx 
inductor  arc  90°  out  of  phase,  so  -t  V(\ 

Execute:  The  circuit  is  sketched  in  Figure  3 1 .49. 


£ 


71 


l« 


Ficnrr.ll.49 


; iJfi+x1,  = />/F777F  - v 


R tori’ 


R-'tl 

piC 


\\.  I R+p>l: 

small 


X.  - mL  Xt  - — 


UT*  \uL- 


- - 

L 


A 


A 


As  ta  gets  .small,  R'  + mL-— — ->  ■ * ■ -tto'I.'  -> 

<uC  a?  C* 


rheceflOK 


v large 


(i 


- ft?/?C  as  ft?  becomes  small. 


As  w gets  large.  R‘  + , (oL- — : J ->  R"  +nr£  -**>£,  R:  L 

Therefore.  -jZ-  — * ^ ^ =•  I as  ft?  becomes  large. 

Evaluate:  if*  ->0as  w becomes  small,  so  tl>rre  is  only  when  the  frequency  ft?  of  \\  is  large.  If  the 

source  voltage  contains  a number  of  frequency  components,  only  the  high  frequency  oexs  are  passed  by  this  filter. 
IDEM1FY:  V ^ V ^ IX  . 1 ^ V iZ. 


SETUP:  A'.  - ft?/..  X,  - 

<x>C 

Execute:  V„  » Vc  = — s l^L  ! 

K*  <uC  t(<.j/.-  1/atC  f 

...  I I I 

It  ft?  is  large: ■■■■■■  =•  ■ ■ - 

K .uC  J*;  ->(p,L-VoC\:  wCykraL) 


If  ft?  is  snull 


I (X)C 

FT7 


EVALUATE:  When  ft?  is  large.  Xt  is  srmll  and  .V..  is  large  so/ is  large  and  the  current  is  small  Both  factors  in 
Vc  * IX c are  small.  When  ay  is  small.  Xc  is  large  and  the  voltage  amplitude  across  the  capucitce  is  much  larger 
than  the  voltage  amplitudes  across  the  resisted  and  the  induclor. 

1DEVI1FV:  ! = ViZ  Bid  P„  -~I'R. 

SET  Up:  Z - JR'  .(ml  -I/«Oj 


'“'4- 


Jr:  -f(ft»X.-l/wT): 


Execute: 
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31.52. 


y‘R;  2 

R:  rtait-l/vCy 


(c)  Tlic  average  power  and  tlie  current  amplitude  are  both  greatest  when  the  denominator  is  smallest.  which  occurs 

for  oxL  - . so  <u  - 

* JLC 


Id)  - 


(100V)!(200n)'2 


15, j 


[2000?  -.(nH2.00  ll)-l;l«<0.54lO«IO  * F»J )‘  40.000m1  .(2o;  -2 .000. 000 1 


Tlie  graph  of  P ^ versus  to  is  sketched  in  Figure  31.51. 

Evaluate:  Note  that  as  the  angular  frequerxy  goes  to  zero,  the  power  and  current  are  zero,  just  as  they  are 
when  the  angular  frequency  goes  to  infinity.  This  graph  exhibits  the  same  strongly  praked  nature  as  the  light 
purple  curve  m Figure  31 .19  in  the  textbook. 

f*Mcr 

<W) 

aocceoo 


aooraoo 


Ang»br 

ric^Jftity 


Figure  3151 


Idem  it x : 


Vt  = and  V.  *J- 


Si:r  UP:  Problem  3 1.5 1 show*  that  / 


TFTf^T^ci? 


Execute:  (a)  K - IwL  - 


;i»  V «— •— 

f cfCZ 


at 


Vat 


I'M-ir 


1,'ImCII’ 

IclTlic  graphs  are  given  m Figure  31 .52. 

EVALUATE:  (d|  When  tlx  angular  frequency  is  zero,  tlx  inductor  has  zero  voltage  w hile  the  capacitor  has 
voltage  of  100  V (equal  to  the  total  source  voltage).  At  very  high  frequencies,  tlie  capacitor  voltage  goes  to  zero.. 

1 


while  the  inductor's  voltage  uocs  to  1(H)  V.  At  rcsixiancc. 


- 100(1  null's,  the  two  voltages  arc  equal,  and 


arc  a maximum.  1 000  V. 


Figure  31.52 


.11.53.  Identify:  v 


31.54. 


Alternating .Current  31-17 


• ■t"*-  ^a7C>;- 

Sll  UP:  Let  <x)  denote  the  average  value  of  the  quantity  x.  arxi  <v£)  -4^-  Problem  31.51  shows 

that  / - — 1 Problem  3 1.52  shows  that  J‘  ; 7 i 

Jr1  + ( ml  - ii'|<vC])J  ocjjr + - i/[a>c])* 


EXIXI  TE:  (a) </, r> (6’,} - W(i" } - U/.4  - ^ ^ 

^ - Jtvr  =>(*/,)«  ) - Ktf-  = K j 4]  - i ci? 


(b)  Using  Problem  31.51a 


K1 


Using  Problem 


LV‘ 

4j«  -.(^i-l/nKT)-) 

y‘ 


( : 1 .47b):  ft/,  J - icr, ' = I < I 


(cl  Tlic  graphs  of  the  magnetic  and  clcctrx  energies  are  given  in  Figure  31.53. 

Evaluate:  (dl  When  the  angular  frequency  is  zero.  the  rmgnctic  ewrgy  stored  in  tlie  inductor  is  zero,  \shile  the 
clcctrx  energy  in  the  capacitc*  is  U - CV*f 4.  As  the  frequency  goes  to  infinity,  the  energy  noted  in  bath 


inductor  and  capacitor  go  to  zero.  The  energies  equal  each  other  at  the  resonant  frequency  where  ft*,  — — — and 

o LC 


UA  -6Y 


tr 


4tf* 

MjlhsL  nicsg,  0> 


Bkvtik  cmy\  iJ> 


Angular 
frequency 
(ad/s) 

Figure  3133 

iDEMin : At  am*  instant  of  time  the  same  rules  apply  to  the  parallel  ac  circuit  as  to  parallel  dc  circuit:  the 
voltages  arc  the  same  and  the  currents  add. 

SET  LtP:  For  a resistor  the  current  and  voltage  in  phase.  For  an  inductor  the  voltage  leads  the  current  by  90"  and 
for  a capacitor  the  voltage  lags  the  current  by  90&. 

Execute:  (a)  The  parallel  f*ff*Ccircuit  must  have  equal  potential  drops  over  the  capacitor,  inductor  and 
resistor,  so  »4  - v.  = v*  - v Also,  the  sum  of  currents  entering  any  junction  must  equal  the  current  leaving  the 
(unction.  Therefore,  the  sum  of  the  currents  m the  branches  must  equal  the  current  through  the 
source:  i » r*  ♦ ix  *f  »c. 

(b)  iA  - is  always  in  phase  with  the  voltage,  r^  - -4-  lags  the  voltage  by  90'*.  and  j = wuC  leads  the  voltage 
by  90°.  The  phase  diagram  is  sketched  m Figure  31.54. 

<c)  From  the  diagram.  J1  = +(7^. - !t )l  - 1 L | t- 1 VfC -_L-  | . 


(d)  From  part  <c):  / = T (-L-t  taC-—  I . But  . so  — 

R~  mL 


cjC-  — 
/ M R-  \ <aL 
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31.55. 


31.56. 


31.57. 


EVALUATE:  Fee  large  »,  7.  — ♦ The  current  in  tlx  capacitor  branch  is  much  larger  than  the  currctu  in  the 

other  branches.  For  smill  »,  Z -♦  a>L.  The  current  in  the  inductive  branch  is  much  larger  than  tlx  current  in  the 

other  branches. 


iDEMIfrY:  Apply  the  expression  for  / fn>m  problem  31.54  when  ea  - \f  *JLC . 
Si:r  L’P:  From  Problem  31.54,  / - vl-L 


K 

Jlc 


mC- 


II  V 

Execute:  (a)  At  rcsceiancc.  m.  ■ - «.f / . -=  VmxC f so  / - /,  and  / is  a minimum. 


V - V 1 

(b)  /'  - *"  oo«  ^ - — at  resonance  where  R <Z%a  power  n a maximum 

/.  R 

(c)  At  to  — , / and  Fate  in  phase,  so  the  phase  angle  is  zero,  which  is  the  same  as  a senes  resonance. 

EVALUATE:  (d|  The  parallel  circuit  is  skctclxd  in  Figure  31 55.  At  resonance.  ^ | - |»x  | and  at  any  instant  of  time 
these  two  currents  are  in  opposite  directions.  Therefore,  the  net  current  between  a and  h is  always  zero. 

(e)  II  tlx  inductor  and  cafxicitor  each  have  some  resistance,  and  these  resistances  aren't  the  same,  tlxn  xt  is  no 
longer  true  that  /,  -t  - 0 and  the  statement  m part  (d>  isn't  valid. 


□ 


Figure  3155 


IDENTIFY:  Refer  to  the  results  and  the  phasor  diagram  m PtobVrm  31 54.  The  source  voltage  is  applied  across 
each  parallel  branch. 

SETUP:  V-j2Km  -ill  V 

EXECTIK:  «„  ,,4-^11,0.778  a. 

<b>  I,  - 1'iuT  -(31 1 V|{360nid/«)(6.00xl0  * F)  = 0.672  A 


lc>  * 


0.672  A 

srefan  

0.77SA 


<d|  / - ^//;  + /;  - ^ 0.778  A )'  7 ( 0.672  A )'  - 1.03  A. 
(e)  Leads  since  ^ > 0. 


Evaluate:  The  phasor  diagram  shows  that  the  current  in  the  capucitor  always  leads  the  source  voltage. 
iDEMlfrY  and  Set  l.>:  Refer  to  the  results  and  the  phasor  diagram  xn  Problem  31.54.  The  source  voltage  is 
applied  across  each  parallel  branch. 

Execute:  u>  /.  - L:  i,  =» VaC;  /.  - — 

R o)L 

<b|  Tlx  graph  of  each  cunent  versus  o>  is  given  in  Figure  31.57a. 

(c>  m -*  0:  l(  ->  0;  Jx  -*  <x-.  o>  ->  «c  /<  ->  *>;  Jx  -»0. 

At  low  frequencies,  the  current  is  not  changing  much  so  tlx  inductor's  hack*emf  doesn't  “resist."  This  allows  tlx 
current  to  pass  fairly  freely.  However  the  current  in  the  capacitor  goes  to  zero  because  it  tends  to  “fill  up"  over  the 
slow  period,  making  it  less  ctYcctivc  at  passing  charge.  At  high  frequency,  the  induced  cmf  in  the  inductor  resists 
tlx  violent  changes  and  passes  little  current.  The  capacitor  never  gets  a chaixe  to  HU  up  so  passes  charge  freely. 


Alternating  C uncot  31-19 


31.58. 


31.59. 


(d>  M‘  ■ . 

V/-C  J(2.0IIM0.50xl0  ‘ F> 

Figure  31.57b. 

[C>  I - lf-<  ,(ruC-—l . 


- 1 00(1  ml /tec  and  f = 1591 1/.  The  phasor  diagram  it  sketched  in 


R)  \ «>L 


i:  K|i»_v  ; 

VI  200  nj 


1100 VK 1000 » 'K0.50*10'*  F>- 


100  V 


(1000*  H2.0 III 


0.50  A 


|f)  Al  resonance  VaC  - <100  VXIOOOs  ‘X0.50*  10  ‘ F) -0.0500  A and  ■ -^H-L-l.SOA. 

R 200  f} 

EVALUATE:  At  resonance  4 - A — 0 at  all  tinxs  and  the  current  thnyugh  the  source  equals  the  current  through  the 
resisted. 

/(A) 

12 


U- 



— 

^ 

■ 1 “ " ■ 1 ■ 

s 

. — 

11X1 


4<ri 


f,CL 


y m 


10a 


M 


Figure  3 1 57 

Idem  if \ : The  average  power  defends  on  the  pha.se  angle  ffc 

SET  Up:  The  average  power  is  Pai  - Krm/mCOS  fi,  and  the  impedance  is  7.  - J/f*  -f  | <oL  - — 

IXIC  l TE:  (a)  Pn  - V it»At»«C0%  4 KVmJnA*  gives  cos  <*-  4.  so  .T.'3  - 60:.  tan  <*-<*,  - 

which  gives  tan  60°  - (taL  - \UrCyR.  Using  R - 75.0  iX  L - 5.00  mil.  and  C - 2.50 /jF  and  solving  tor  wwc  gel 
(t>- 28760  rad  s - 28,800  rad  s. 

(b>  /.  - ♦(*,  - .V, )'.  where  A*x  - id.  - (28.760  radsKS.OO  mil)  - 144  li  and 

Xc-  I i«C-  11(28.760  rad  sM2.50/iF)|-  1 3.9 12.  giving  7.  - 75  lll'r(144  0-13.9  fl|‘  - ISO  SI: 

/-  lVZ-(15.0VI'<150n>-OI00Aand/U  - i 17  cat  i (IS.O  VRO.IOO  A*l'2)  - 0.375  W. 

EVALUATE:  All  this  power  es  dissipated  in  the  resistor  because  the  average  power  delivered  to  the  inductor  and 
capacitor  is  zero. 

IDEMIEY:  We  know  R.  Xc  and  p so  Eq.(3l.24)  tells  us  XL.  Use  - l\,R  from  Exercise  31.27  to  calculate 
/m.  Then  calculate  / and  use  Eq.(3l.26)  to  calculate  for  the  source. 

SET  UP:  Source  voltage  lags  current  so  d - -54.0°.  A',  = 350  Q,  R = 180  Ci.  Pm  - 140  W 
X - X 

Execute:  (a)  land  — : — — 


X.  - Rund*  Xc  - (ISO  a>tan< -54.0:>  s- 350  n - -248  350  0-102  a 


l«  /140  \V 

(t>»  Pst  = cos*  = i^R  (Excrcie  3 1 .27).  .1— = J — -*0.882  A 

\ R t 1 80  O 

ic>  / ^ yJPT(x^x~7 * J(i so  nr' + (102  n - 350  o)s  - 306  n 
^ ^ (0.882  AX 306  O)  - 270  V. 

Evaluate:  Wc  could  also  use  Eq.(31.31):  P4.  ^ vtj%^  cos** 

140  W 


r 


/^cos**  |0 .882  Alcos(-54.0  ) 

A'.  > Xt7  and  this  agrees  with  what  we  found. 


.0  \ , which  agrees.  The  source  voltage  lags  Ihc  current  when 
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Z -y]R:  +{toL-\ftoC')2  - ^500  Cly  ♦ ll'KX  r*dsH2  0 ll»-l/«800  rad  sXS.OxlO  1 F)»‘ 
K 100  V 

/-- 0.0971  A.  Vk  - IR  - 1 0.097 1 AM  500 12)  ^ 4R.6  V,  Vc 


243  V 


toC  (SOOrad,'  sK50x  10  Fl 


11.60.  IDEMIFV  and  SET  Up:  Calculate  Z and  l -VIZ. 
F.\M  LIE:  U\  1 or  <v  - 800  rad  fs: 


2-1030(2 


ukI  V - /nrf.  -(0.0971  A K800  rad  / s)f  2.00 1 1 > - 1 55  V.  _ arcian|  — | - -60.9°.  The  graph  of  each 


voltage  versus  time  is  given  in  Figure  31.60a. 

(b)  Repeating  exactly  the  *amc  calculations  ax  above  fee  to  - 1000  rad's: 

Z - R - 500  n;  p - 0:  / - 0.2CO  A Vk  - V - 100  V;  i;  - \\  - 400  V.  The  graph  of  each  voltage  versus  time  is 
given  in  Figure  31.60b. 

(c>  Repeating  exactly  the  same  calculation*  as  part  ta)  for  to  - 1250  rad  x: 

Z - R - 1030Q:  0 - t*0.9*;  / - 0.097 1 A;  Yk  - 4S.6  V;  Vc  -155  V;  Vk  = 243  V The  graph  of  cadi  voltage 
versus  time  is  given  in  Figure  31 .60:. 

1 ' = 1000  rad 's.  For  to  < the  phase 


r.VAl.I.ATE:  1 he  resonance  frequency  is  to  - 

ancle  is  negative  an:!  fee  to  > 


JLC  j(2.00  11*0.500  fiF) 
be  phase  angle  is  positive. 


(c) 

Figure  31.60 
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31.61. 


31.62. 


31.63. 


iDiMIFV  and  SET  Uk  liq.|31.l9)  allows  ut  tocalcuhtc  / and  then  I:q.<3l  .22)  gives  Z.  Solve  Eq.(3l.2l)  far  l. 

Execute:  (a)  K - 1\\  so  / ~ — - — — - o.?5o  a 
f ' .V,  4X0 11 

V 120  V 

(b>  V - /Z  so  Z 160  n 

/ 0.750  A 

<«>  Z‘  = ^’{Xt-Xcf 
X,  -X,  -i'Jz'-R1.  no 

x,  - -V,  t -Rf  - 4so  n ± ^(160  in'  -<so.o  in’  - 4xo  n 1 139  n 
X,  =619  O or  341 0 

Id)  Evaluate:  xt L and  xt  - a >1.  Al  revonarcc.  Xt  - Xt . As  ihc  frequency  is  lowered  below  the 

resonance  frequency  .V,  increases  and  X<  decreases.  There  fore,  for  < Xc.  So  for  XL  -34112  the 

angular  frequency  is  less  than  the  rcsceiancc  angular  frequency.  & is  greater  than  ft*,  vs  hen  Xi  -619  12.  But  at 
Ihesc  two  values  of  T1,  th:  magnitude  of  X\  - .V,  is  th:  same  so  / and  / are  the  same.  In  one  ease  ( Xx  - 691 12t 
tlic  source  voltage  leads  the  current  and  in  the  other  (XL  - 341 12)  the  source  voltage  lags  the  current. 

and  SET  UP:  The  maximum  possible  current  amplitude  occurs  at  the  resonance  angular  frequency 
because  th:  impedance  is  then  smallest . 

EXECUTE:  (a)  At  the  rcsceiaucc  angular  frequency  ^ - 1 i*JL C.  the  current  is  a maximum  and  Z - R%  giving 
In*  - V/R.  At  the  required  frequency.  / - /,-c'3.  / - VfZ  - !,UJ 3 - (17ATF3,  which  means  that  Z-  3 R.  Squaring 
give*  SC  ♦ (ai L UaCf  - 9 K . Solving  foe  ogives  «-  3.192  x 10*  rads  and  m-  8.35  x 10*  rad  s. 

(b)  V - >/lF'  - ^2(35.0  V)  - 49.5  V.  / - -22.  - — ' 0.132  A. 

3 3 R 3<12512> 

For  a*  - 8.35  x I04  rad's:  tf-12512  and  \\  - JR  - 16.5  12:  AT,  125 12  and  Vk  - 16.5  V; 


1 


479  12  and  V - 63.2  V. 


For  c>  - 3.192x  I01  rad's:  R = 125  12  and  VA  - 1R  - 16.5  12:  X,  - toL  - 479  12  and  K - 63.2  V: 


X ^ _L  - 125  12  and  V ^ 16.5  V. 


Evaluate:  Far  the  lower  frequency.  Xc  > XL  and  V(  > Y\.  For  the  higher  frequency.  X.  > Xc  an:!  Ve  > Vc. 
Id*  vim  and  SET  UP:  Consider  the  cyelc  of  the  rcpcatmg  current  that  lies  between  f,  - r/2  and  t:  - 3r/2.  In 

this  interval  / - — U - r|.  /,.  - — -1—  | JefJ  and  //„  * — — | i3<b 

. 1 rK . t I r»'  *2/.  , 2 L[  1 , 

,E:  — J,,rf'-7LTJ,-rW,-7l.2'-r'J  . 


tx»:c  t TL 


l - 


m 

9.-1  3.-2 
• S " 2 " 

44)-<w 

-12- 

l*4> 

‘(‘X 

- 1 fV 

■#. 

If.'l  . 

, it- ft* 

IF 

M 

6 

EVALUATE:  In  each  cycle  the  current  has  as  much  negative  value  as  positive  value  and  its  average  is  zero,  r*  iv 
always  positive  and  its  average  is  not  zero.  The  relation  between  /,„  and  th:  current  amplitude  for  this  current  is 
different  from  that  for  a smusoodal  current  |Eq.3 1.4). 
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31.61. 


31.65. 


31.66. 


31.67. 


iDi  vim:  Apply  V.  - fa  Z 


SKI  Up:  a,  - -J—und  / = ^R:  - < A',  - X,  )’. 


EXECUTE:  (a)  cl  I , . - 786 1 ad  / *. 

•JLC  ^(1.80 11*9.00- 10  F) 

|b>  Z-.^J0Oll>;»U7S6rad/**l.SOIIW,‘(<786  rod  ' **9(10- 10  F))>;  -3001J. 

/ = Ik  = i^=0200A. 

— 1 / Mil 

(OWewant  = 

- * J/T +(<*£-!/  <uCT  * 


^-4— ^*>-3 

WC"  C 


Substituting  in  the  value*  for  this  problem  the  equation  become).  (»’  )’(3.24I  - ®*(-4.27  -10’)-  1.23  - 10'1  = 0. 
Solving  the*  quadratic  equation  in  o>!  we  find  a‘  - 890-10''  rad ’/*’  or  4.28x10’  rad’.l*  and 
iu  = 943  r.».l  j * or  654  rad  /*. 

(d)  <i)  ft  = 300 li.  = 0.200  A.  |o* -a*|  = 289 ral/*. (ii)K  = 300.  /„.,.  = 2A.  |n>  - e*|- 28  rad's. 

(iii)  ft  = 30.  Imma  = 20  A.  ^ -e«,|=  2.8S  rad1*. 

EVALUATE:  The  width  gels  smaller  as  R gels  smaller:  l%m4  gets  larger  as  R gels  smaller. 

Idem  it v : The  resonance  frcqucixy.  the  reactances,  and  llie  impedance  all  depend  i>n  Ihe  values  of  the  circuit 
elements. 

SET  L’P:  The  resonance  frequency  is  - \fJL€%  the  reactances  are  XL  - ajL  and  Xc  - 1/ftC.  and  the  impedance 
is 

Execute:  (a)  c\  = 1 / yfLC  becomes  ^ -*  I f 2.  so  Ch  decreases  by  y. 

(b)  Since  X - <u£.  if  L is  doubled.  X\  increases  by  a factor  of  2. 

(c>  Since  Xc  - I.'aC  doubling  C decreases X(  by  a factor  of  i. 

Id)  Z * ->  Z - yj<2Rr  -t(2X\-lXt  )\  so  Z docs  not  change  by  a simple  factor  of  2 or  y. 

Evaluate:  The  xn'qicdancc  docs  not  change  by  a simple  facte*,  even  though  the  other  quantities  do. 

V jV 

Idem  in : A transformer  transforms  voltages  according  to  — ; j~.  The  effective  resistance  of  a secondin’ 

Yy  S\ 


circuit  of  resistance  R is  R-  — 


iv,..v  >■' 


SET  L’P:  = 275  and  V ^ 25.0  V. 

Execute:  (a)  K ^ f;(A\.\V,  W25.0  VX834/27S)  = 75.S  V 

(b)  R . — 13.6  0 

[NJNJ  IK34V275)’ 

EVALUATE:  The  voltage  across  the  secondary  is  greater  thin  the  voltage  across  the  primary  since  A\  > AT,.  The 
effective  livid  resistance  of  the  secondary  is  less  than  the  resistance  R connected  across  the  sccreulary. 

iDIMltY:  The  resonance  angular  frequency  is  - , and  the  resreiance  frequency  is  /,  - — — -• 

*JLC  2 jtJLC 

SET  L’P:  av  « mdcpendmt  of  R. 

EXECUTE:  (a)  mJ or  ft.)  depends  only  on  L and  C so  change  these  quantitxs. 

|b)  To  double  nv,  decrease  L and  Cby  multiplying  each  of  them  by  i>. 

EVALUATE:  Increasing  L and  C decreases  the  resonance  frequency;  decreasing  /.  and  C increases  the  resonance 
frequency. 

■DEVnFV:  At  resonance.  Z-R.  I-  V‘R.  \\  - IR.  V,  = IX,  irxl  V.  = IX,.  b\  = $CV*.  and  U , -~U\ 

SET  L’P:  five  amplitudes  of  each  time  dependent  quantity  correspond  to  the  maximum  values  of  those  quantities. 


31.68. 
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31.69. 


31.70. 


EXECUTE:  (a)  / At  resonance  mL  - — and  /(-  = — . 

2 JR,.(0i/.-l/®C|  “*•  R 


lb>  V,  - IX, 


• L 


Knit  S ^ C 


«****fW4 

1 2 2 if 

Evaluate:  At  resonance  - V,  and  the  maximum  energy  stored  in  the  inductor  equals  the  maximum  energy 
stared  in  the  capacitor. 

iDEMltY:  l-y.K.  Vk  - IR.  V,  = IX,  jnd  V.  -IX,.  I/, -A  CV‘  and  U,=$U‘. 

SET  L’P:  The  amplitudes  of  each  time  dependent  quantity  correspond  to  the  maximum  values  of  those  quantities. 

Execute:  <v  - — . 


w,-r 


r!J  ^i-2/»c 
2 


f?  t 

4 C 


lb)  K -/r  - 


"c 


:: 


oj  9 /. 

-t- 

4 C 


r-’2 


r V+’i 

4 C 


4 C 

E VAI.I  ATK:  For  09  < Vc  > V.  and  the  maximum  energy  stored  in  tlie  capacitor  is  greater  than  the  maximum 
energy  stored  in  the  inductor. 

IDENTIFY:  / = V!R.  V,  - IR.  »;  - IX,  and  - IX. . U,  - ACi;'  jikI  U,  = ±U!. 

SET  L’P:  The  amplitudes  of  each  time  dependent  quantity  correspond  to  the  maximum  values  of  those  quantities. 
Execute: 

M /“7“-7 

2 J/r-f(2^E-l/2«^C)J 


(b>  f 


rv  . 1 >*  /r  r/2 

I . 9/.  'Vc  —* 


k + — 
4 C 


(«>  r. -M' -w 


+ — 

4 C 

2r 


9 - 
^ ■* — 
4 C 


-- 

r V«  ,-v.  •>/. 

il  * 

4 C 


IdKv  - — CK?  - 


Er 


9 X. 
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2h.lL 

V 4 


EVALUATE:  For  to  >»,,  \\  > Vc  and  the  maximum  energy  stored  in  the  inductor  is  greater  thin  the  maximum 
energy  stored  in  the  capacitor. 

31.71.  IDENTIFY  and  Set  Up:  Assume  the  angular  frequency  & of  the  source  and  the  resistance  R of  the  resisted  are 
known. 

Execute:  Cwincct  the  source,  capacitor,  resistor,  and  inductor  in  series.  Measure  VK  and  \\  — ; 

I'i  IR  R 

and  L can  tv  calculated. 

Evaluate:  There  are  a number  of  other  approarhes.  The  frequency  could  be  varied  until  K - VL . and  then  this 
frequency  is  equal  to  1/ *JLC.  If  C is  known,  then  L can  be  calculated. 

.41.72.  IDENTIFY:  r,  = I con*  urxl  /,„  - '-j-  Cakulaic  7..R-  Zcaip. 
s»:r  I'P:  / = 50.0  II?  and  co-ltr/.  The  power  faclor  u £<«<*. 

Execute:  c,  i>  |l2° V,,<0560> -367  0. 

/ r..  (220  W) 

II  - 7.  cat*  - (36.7  01(0.560)  = 20.6  Q 

<10  7.  = Jr-  ~ A'/  .V.  - yjz'  -R  - ^<36.7  n>: -( 20.6 12|;  = 30.4  Q.  Bui  ^Ouat  resonance,  so  the  indixtive 
and  capacitive  reactances  equal  each  other.  Therefore  we  need  to  add  Xc  - 30.4  O.  X(  - - — - therefore  gives 

C-— 1 1 1.05*  10 ‘ F. 

aiX,  2a/A',  2.t<  50.0  11/1(30.401 

V'  (120  V)' 

«c>  Al  refinance.  P 6t9  W. 

' II  20.60 

Evaluate:  P^-T^R  and  I is  maximum  at  resonance,  so  the  power  drawn  from  the  line  is  maximum  at 

resonance. 

31.73.  Identify:  pA=i'R.  p^n^L.  pc  - !Lj. 

J<  c 

Set  Up:  j - /coso* 

EXECI  IE:  (a)  p,  - 1 -R  - I-  cot'(ojf)R  - I',/lW((»)  ^ il’f/(l.co«2ffir)). 

Wi  - j\\  r/t*  <l+co*2<*)Wf  - =iiy. 

<l>>  pL  - -ft>X./:co<«f)sin(«r) --irt/sin(2«f)  But  ( sm|2<uf)rf/  - 0r>  /;.</-)-0. 
eh  Jv 

(c>  pc  =~#  = v,-r  - 3' 7sin(fttf )c<u(*tf ) =.  4U,  /sii:<2wfi.  But  j‘  sin<2n»Od/  - 0=a  PJC)  - ». 

<d>  p - pA  + Pi  + p.  - UA/coiJ(<ur)-iiy  nn(2ruf)*t^ /sin(2ov>  and 

V V — V 

p - /cos<AUX>Vc<>*(Atf)~^isin<"f)  + ^ sinfmr)).  But  eos#--f  and  sintf  - ■ ^ so 
p - 17  eosta»i»|cos^cos</-A*)  - sin^sinU'A*M.  at  any  instant  of  tin*:. 

EVALUATE:  At  an  instant  of  time  the  crvrgy  stored  in  the  capacitor  and  inductor  can  be  changing,  hut  there  k no 
net  consumption  of  electrical  energy  in  these  components. 

31.74.  IDENTIFY:  V -IX.  ILL-0  at  the  o where  V is  a maximum  I'  -IX,.  at  the  o where  I'  is  a 

dfr?  d<ei 

maximum. 


SET  l.P:  Problem  3 1.5 1 shows  that  / 


R • -tivL-UtaCy 


EXECUTE:  (a)  K -maximum  when  V,  - I'  -yea-at  - 
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(b)  Vk  -maximum  when  — O.Thcreforc:  ... 

dM  d(0[  Jti1  -*{oL-\  oC'f 


VL 


:ri- 


JK'fivL-l/tCr 


! 2L  1 1 R!c‘  , I 

it  -t  - . ■ - . . — - - 2C  and  n>  - , 

c-c-  c „r  2 ju  ire  ~ 

(c)  Vx  = maximum  when  —t 0.  Therefcee:  — — - 0 

do  do  do 


C - - ' - * xj  ^ t ^ , 

«.-< \i'*: . im/.  - 1 exF 7 <«,i - 1 j*o-y< ■ 

R - 4U‘i'  - -t)  I and  iv  - J— — — . 


LC  21: 


«'  * oi‘L'  - — - -itr'L' 


EVALUATE:  V,  is  maximum  at  a frequency  greater  than  the  resonance  frequency  and  Xc  is  a maximum  at  a 

frequency  less  than  the  resonance  frequency.  These  frequencies  depend  on  R . as  well  as  on  /.  and  on  C. 

31.75.  iDLN  im : Follow  the  steps  specified  in  the  problem. 

SET  UP:  In  part  (at  use  Hq.(31.23)  to  calculate  / and  then  / - VfZ.  $ is  given  by  Eq.(3!.24).  In  part  (b)  fct 

Z*R+iX. 


EXECUTE:  (a)  From  the  current  phasors  we  know  that  Z - JR’  r (oL  -X/oCy 


*1  (|OOOrad/!K0.50H|-(|oo(t^t)(|J5x|o.t  F)  -=50011 

y .£=“21=0400  A. 
z 500  n 

(b)  ^ t - 1 nOOO^HO.500  H,-K(1000  rad/,„l.25.l0-  F,)_MO 

[c>  Z_  = R -tif  aL  — Ll  Z-  ■ 400 Q - j [ ( 1 000  rad/t  HO.  50 1 1 > 1 - 400 12  - 300  Hi 

* I oC)  * I 1 (1000  rad’Vii  125-10  FI 


7.  - Jl  400 12 1:  * (-300  «lr  - 500 12. 


«IM  -L 200V 

m 7^  (400  - 3001)12  V 25 

lull/  ) 6125 

It)  land - : 0.75 -><*- -36.9° 

Rc(/.,.)  S j 25 

(0  K **.='*.« - 1(400 12)«(1 28* 960V 


* *A  - (0320  A)  + (0.240  AW.  / - ll  — ! I — — I - 0.400  A. 


25  / \ 25 


V*rn  - dML  - i 


25 


; 1 1000  rad/s)0.5(O  II)  - ( - 120  r 16a)  V. 


!_ 

f oC  \ 25  (KMX)  rad/s)|  1.25x10“*  FI 


— ^(+192-25a»  V 


IE)  3 Kkm  + K—  + * (128 ♦ 96c)  Y -f  (- 1 20 4 160i)V -f  ( 192  - 256/ ) V » 200  V. 

EVALUATE:  Both  approaches  vicld  th:  same  value  for  / and  for 
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*2.1.  IDENTIFY:  Since  Ibe  speed  is  constant,  distance  x-ct. 

SETUP:  The  speed  of  light  is  c -3.00x10*  ms  I yr  - 3. 156x10  s. 

_ x 3.K4xlO*  m _ _ 

Execute:  <a>  / 1-2* s 

c 300*10*  ms 

<10  .r  -cf  - (3.00x10*  m'sX8.61  yi)(3.156*  I0:  *yr)  = S.l5*  lO*  m^R.lSxlO1'  km 

EVALUATE:  The  speed  of  light  is  very  great.  Th:  distance  between  stars  is  very  Urge  compared  to  terrestrial 
distarces. 

*2.2.  IDENTIFY  : Since  the  speed  is  constant  the  difference  in  distance  is  c&J. 

SET  UP:  The  speed  of  electromagnetic  waves  in  air  is  : - 3.00  x 10'  ms. 

EXECUTE:  A total  time  difference  of  0.60  /is  cocre spends  to  a difference  m distance  of 
cAl  -<3.00x  10*  m sX0.60x  I0V*  s>*  ISO  m 

EVALUATE:  The  time  delay  doesn’t  depend  on  the  distance  from  the  transmitter  to  the  receiver,  it  just  depends  on 
the  difference  in  the  length  of  the  two  paths. 

*2.3.  Identify:  Apply  c - /A. 

Setup:  3.00  *10*  ms 

. c J.OxlO'm.s 


EXECUTE: 


5.0x10  Hz. 


5*XM>  m 


(h»/~  — = 30,l°'  <°J*  6.0  « I O’  Hz. 

A 5.0  m 


[c>  - 3.0x |0>  m/i 

A 5.0x10  m 


5.0x10  Hz. 


<d» / -1- , 0‘l"  6.0.10"  lb. 

A 5.0*10  m 

EVALUATE:  /'increases  when  A decreases. 

.*2.4.  Identify:  c*fA  and  X*  - 

A 

SeiUp:  c=J.00xlO  m*. 

EXECUTE:  <a)  /-l.  UVA:  7.50.10“  11/  lit  938.10“  Hz  . UVD:  9.38.10“  lb  to  1.07.10”  lb. 


(bl*-—  .UVA:  1.57.10  ratlin  to  1.96.10  radm.UVB:  1.96.10  ratlin  to  2.24-10  radnt . 
A 

EVALUATE:  Larger  A corresponds  to  smaller  / and  k. 

*2.5.  Identify:  c* /A . £^  - c£.-4 . k - 2xi A . co  - 2 xf. 

SET  Up:  Since  the  wave  is  traveling  in  empty  space,  its  wave  speed  is  c - 3.00 x 10*  ins  . 

Execute:  u>  lb 

A 432x10  m 

<b>  £ -cB  = <3.00x10*  msKL25xlO  * T)  = 375  Vm 


32.1 
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32.6. 


32.7. 


32.8. 


fc)  k - — ,,U‘ — -1.45x10  rad  m . rad)f<>  94xl014  Hz) -4.36x10*'  tad's. 

x 432x10  m 

£ = £^cos(fe-4ur)  = (375Vtn)cos<II.45xlO:  radn4v-I4.36xlO,<  tad's]/) 
j8  = S^c<M<^-Ar)a|lJ5xlO^T)co«(|l.45xlOT  iadm|r-[4.36x  10'  rad<s]r) 

EVALUATE:  The  ioxf&r  -«/)  factcc  is  common  to  both  the  electric  arc!  magnetic  field  expressions,  since  these 
two  fields  arc  in  phase. 

IDIMUY : cafA  . E^  - cB,m  . Apply  Eqs.(32.l7» and  (32.19). 

SET  L’P:  The  speed  of  the  wave  is  c - 3 .00x  10*  m s. 

Execute:  (a)  /•-l-.—''1"  1 -6.90xio"ll* 

}.  455x10  m 

o-T 

c 3.00*10“  mi 

(c>  k -ll-  1.44-10  rad  In . a - 2k f - 4.34  * 10”  radi  .If  £(*,/)-  eo*(fc  * «*  > . then 

X 

/>(:,  I)  - -jB_  c«*(4z  -f  nv) , n dial  E x B will  he  In  the  -ft  direction. 

C(r.  r)  = /(2.70xl0  ' V.'mlcnMI  1 .44*10'  radi)r-.[4,34xl01'  radi)/)and 
fl(r.  /)  - -){9.00 x lO-*1  I)ci*M|l  44 - 10!  rad»)r »|434*  101'  rod*]!) . 

Evaluate:  The  directions  of  E and  B and  of  the  propagation  of  the  wave  arc  all  mutually  perpendicular.  The 
argument  of  the  cosine  is  Kz  + Air  since  the  wave  is  traveling  in  the  -2 -direction  . Waves  for  visible  light  have  very 
high  frequencies. 

Idem  itY  and  SET  UK  The  equations  arc  of  the  form  of  I* qs.l  32. 1 7).  with  i replaced  by  r.  B is  along  tlx  r Axis; 
deduce  tlx  direction  of  E. 

Execute:  a>  = 2t/  ^2jt(6.I0x|0*  1I*)^3.83x10,j  rads 

, 2t  2xf  M 3.83xl05  rad's  , _ . tt 

* -1.28x10  radm 

x c c 3.00  x 10  mi’s 

B,^  =5.80x10^  T 

£^=c5->^(3.0°x,a<  nvs|(5  K0x  10  4 T)  = 1.74x10'  VVm 

B is  along  thev-axis.  Ex  B is  in  the  direction  of  propagation  (tlx  ♦redirection!,  from  this  we  can  deduce  the 
direction  of  IT.  as  shown  in  Figure  32.7. 


E is  alone  the  v*a.\is. 


E = E^J  cos  (At  - nv ) = (1.74x10s  V.«m|#:co4(1.28x  I0?  radtai)r-(3.83xltf1  rad's VI 
B = B^jcoiUz-&j)  = (5.80x10  4 T)/cos((1.28x  10:  ndfa)r- (3.83x10*  rads V] 

Evaluate:  £ anti  B arc  fxrpcndicuiar  and  oscillate  in  phase. 

IDEVY1FY:  For  an  eVxtromagnetic  wave  propagating  in  the  negative  1 direction.  E - £liM  cos(£x+<ur) . & - 2.T  f 
ind 

SET  Up:  The  wave  specified  in  the  problem  has  a different  phase,  so  E - -E,^  san(te  ♦ nifl . E^K  - 375  Vm . 

* a 1.99x10'  rad  m and  zw- 5.97xlOs  rad  s . 

Execute:  (a)  B - — = 1 .25  uT. 


Electromagnetic  Waves  32-3 


32.9. 


32.10. 


32.11. 


(b)  /-  — -9.50x10*  II/.  — -3.16x10  m -316  nm.  T - — -1.05x10'*'  s.  His  wavelength  is  loosbort 
2k  k / 

to  be  visible. 

(c>  c - fX  - (9-50xl0M  1I/X3. 16x10  ml  - 3.00  x 10*  m.'s.  This  is  what  the  wave  speed  should  be  for  an 
electromagnetic  wave  propagating  in  vacuum. 

( m V It  \ m . 

Evaluate:  c - fX  - 1 - — \ - — is  an  alternative  expression  for  the  wave  speed. 

IDEMIFY  and  SET  t>:  Compare  the  £<y,  t)  given  in  the  problem  to  the  general  fiwm  given  by  Eq.<32.17).  Use 
tlic  direction  of  propagation  and  of  £ to  find  th:  direction  of  B. 

(a)  EXECUll:  Th:  equation  for  the  electric  field  contains  the  factor  smfiv  - cot ) so  th:  wave  is  traveling  xn  the 

♦ v direction.  The  equation  for  fly,  /)  is  in  terms  of  sm(Ay-<uf)  rather  than  co*f4y-av);  the  wave  is  shifted  in 
phase  by  90°  relative  toon:  with  a cos(Ay  - tat  ) factor. 

(b)  £(yJ)m-{ 3.10x10"  V.  m >£ sinf  Ay - ( 2.65 x 1 011  rad  sw] 

Comparing  to  EqX32. 17)  gives  <u  = 2.65xl0,:  rads 

. . 2 kc  . 2 kc  2*(2.998xl0' m s)  _ tt  t_- 

M-2st  - so  a — ^ 7.11x10  m 

X a (2.65x10*  rail's) 


<c> 


EkB  must  be  in  the  ♦ r- 
direction  (the  dirccticei  xn 
which  the  wave  is  traveling). 
When  E is  in  the  -r -direction 
then  B must  be  in  the  -x» 
direction,  as  shown  in 
Figure  32.9. 


fc-i.— 

A c 2. 


Figure  32.9 

a 2.65x10"  rads 


xIO'  ms 
£^-3.10x10*  V/m 

£ 3.10  x10s  V/m 


- 8.84  x 1(1  rad  m 


ken  B 


-1.03x10  1 


r 2.998x10' m s 

l.’ung  I:q.(32.l7)  and  the  fact  that  B is  xn  the  -i  direction  when  E rs  in  the  -A  direction. 
£ = -<1.03x10  ; Tl/sinhS  84x10*  rad  m)i-( 2.65 x I0  : rad  sVl 


Evaluate:  E and  B are  perpendicular  and  oscillate  in  phase. 

IDENTIFY:  Apply  E«p.(32.17)  and  (32.19).  f^c/X  and  A - 2 xtX  . 


SET  L’P:  The  wave  in  this  problem  has  a dxtTexent  phase,  so  £ (r,  /)-  B ^ sin<A.v 

EXECUTE:  (a)  The  phase  of  tbc  wave  is  given  by  Ax  + <ai . so  the  wave  is  traveling  in  th:  -x  direction. 

oo  * /.JL.0-”"'  °*rad>l<30)‘|o,^),6i9.,o",,z. 

X c 2t  It 

(c)  Since  the  magnetic  field  is  in  th:  +y  direction.  and  the  wave  is  propugating  in  the  -x  -direction,  thm  the 
clectra:  field  k in  the  r:  -direction  so  that  £ x B will  be  in  the  — x .direction. 

£(*.  /)  - +c£(x,  r)A  - cB^  sin<Av  -t  (vi  yk. 

£(.r.  /)  - (c(3.25x  10  * T))sin|(1. 38x10*  radmlx-t  (4 14x  l0:  rad'*)f)i. 

£( x.  f)*+(2.48  V/m)sin((l .38x10'  rxl  m)x^ (4.14x10"  rads*)* 

EVALUATE:  E and  B have  the  same  phase  and  are  in  perpendicular  directions. 

IDEM  in  and  SET  Un  c-fX  allows  calculation  of  X.  A - 2k  f X and  a - 2k f.  Iiq.<32. 18)  relates  the  electric 

and  magnetic  field  amplitudes. 

..  ..  , c 2.998x10'  ms  ,rt 

Exr.fllE:  s|(|x|0[|/  -36!m 
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32.12. 


32.13. 


32.14. 


32.15. 


32.16. 


. , , 2.T  2x  rad 
lb ) - 


- 0.0174  rad  m 


* 361  m 

|c>  (v  - 2t/-  (2rKS30xlOi  Hz)  - 5.22x10*  rad's 

(d)  l:qX32.18):  Et„  = cfl^  -(2.998x10*  msX4.82xl0  ' T)  -0.0144  V/m 

EVALUATE:  This  wave  has  a very  long  wavelength:  its  frequency  is  in  the  AM  radio  braodcast  Kind.  The  electric 
u>d  magnetic  fields  in  the  wave  are  very  weak. 

IDENTIFY:  A ^ - cB^. 

Set  UP:  The  magnetic  field  of  the  earth  is  about  10  4 T. 

Execute:  B ^ 1.28*10  “ T. 

c 3.00x10*  nv’s 

Evaluate:  The  field  is  much  smaller  than  the  earth's  field 

IDENTIFY  and  Set  Ur:  i = / A relates  frequency  and  wavelength  to  the  speed  of  the  wave.  Use  Eq.(32.22)  to 

calculate  n and  A'. 

v 2.17x10*  ms 


EXECUTE:  (a)  A 


- 3.81*10  m 


< 5.70x10"  Hz 


. c 2.998*10' nvs  c IA-? 

(b)^.- 5.26*10  m 

/ 5.70x10  Hz 

fV  c 2.998x10*  m s t 

(c>  n - - 1 .38 

v 2.17x10*  m s 

«IF  n = NlAA,.  =.  JJc  so  A = /i*  — ( 1 .38)*  — 1 .90 

EVALUATE:  In  the  material  v<c  and/'  is  the  same,  so  A is  less  m the  material  than  in  air.  v<r  always,  so  n is 
always  greater  than  unity. 

IDENTIFY:  Apply  I:q.<3221  >.  E^  = cBtaM . v - /A  . Apply  1*4(32.29)  with  fj  - Ktj/V  in  place  of  //, . 

Setup:  A =3.64.  A..  = 5.18 

Execute:  <»>  JSW-'tfm*)  36.9lxl0’.nfa. 

JAA^  ^<3. 64X5.18) 

(b)  A 1.06x11/  m. 

/ 65.0  Hz 


M - 


E 7.20x10  * V/m 


r 6.91x10  m/s 


1.04*10  T. 


Id,  / a£jA,  J7-20*10  ‘ Y"W- 04“10  "T>  ,5.75xl0  ■ W/m'. 

2KmMl  2<S.  IK)/i, 

Evaluate:  The  wave  travels  slower  in  this  material  than  in  air. 

Identify:  / = P/A  . . 

SET  Up:  The  surface  area  of  a sphere  of  radius  r is  A - 4.T r . ct  - 8.S5  * 10  ‘ C.'N  • m* 

Execute:  <„/.£,  (°°5>t?5 W)  , -330W.W. 

A 4t<3.0*10  “ ml* 


(h)  A - | — 


2(330  WfaT) 


(8.85*10  n CJ/N  mJX3  C0xltf  ms) 


- 500  V m . li 


1.7*10  * T = 1.7  til . 


EVALUATE:  At  the  surface  of  the  bulb  the  power  radiated  by  the  filament  is  spread  over  the  surface  of  the  bulb. 
Our  calculation  approximates  the  filament  as  a point  source  that  radiates  uniformly  in  all  directions. 

IDEMIFY  and  SET  Ur:  71>c  direction  of  propagation  is  green  by  /:  * B . 

Execute:  (■)5  = /x(-j>-i. 
ib>  5= jxi = 


(d>  S = i*(-k)-j. 

EVALUATE:  In  each  case  the  directions  of  l : . B arxl  the  direetKHi  of  propagation  arc  all  mutually  perpendicular. 


Elcctranignciic  Wave*  32-S 


32.17. 


32.18. 


32.19. 


32.20. 


32.21: 


32.22. 


32.23. 


32.24. 


IDENTIFY:  1*^.  - cB_  ^ . ExB  is  in  !bc  direction  of  propagation 

SET  Up:  r - 3.00x  10*  ms  . E^  - 4.00  V/m. 

EXECUTE:  jc  = 133  x 10 '*  T . For  £ in  Ihc  < v direction.  £ k B is  in  the  *r  direction  when  B is  in 

the  * indirection. 

Evaluate:  E . B and  the  direction  of  propagation  arc  all  mutually  perpendicular. 

IDENTIFY : The  intensity  of  the  electromagnetic  wave  is  given  by  Eq.l  32.29):  / - cE ^ - ^cE,^.  The  total 

energy  pasting  through  a window  of  area  .1  during  a time  / is  JAi. 

SETUP:  4^8.85x10  13  F/m 

Execute:  Energy  = t*Ei..At  = (8.S5 -10  " F/mX3.00xlO'  m/*X0.0200  V/ml'fOSOO  m'K30.0  i| - 15.9 «J 
E VALLATE:  The  intensity  is  proportxmal  to  the  square  of  the  electric  field  amplitude. 

IDENTIFY  and  Set  Up:  Use  Eq.l  32.29)  to  calculate  A I:q.l32.1Si  to  calculate  and  use  / = P^  /4rr3  to 
calculitc  Pm. 

(a)  EVECirn:  / = i«.£i„;  £._  =0090  V/m.  «i  / = 1.1x10 ' W.m' 

(b)  £_  = <£._  *>S_  = £../c  = 3.0xl0  '"T 

(c>  P = 1(4*/^)  = (1.075x10-*  W/m'X^ffMlSxlO'  m)-=S40\V 

(d|  EVALUATE:  The  caVrulation  in  part  <c|  assunxs  that  tlie  transmitter  emits  uniformly  in  all  directions. 
Identify  and  set  up:  / - P4t  iA  and  / - «,<*£,«• 

Execute:  (a)  The  average  power  from  the  beam  it  £=01  = 10800  \V/m'l(3.0xl0  ' m1)  = 2.4x10'  W. 

,b»£„=p:=L OSO,,W>'  . 1.7.4  V/m 

\^8  85x10  * F/m|(3.00x  ltf  nv'sl 

Evaluate:  The  laser  emits  radiation  only  m the  direction  of  the  beam. 

Identify:  1-PfA 

SET  Up:  At  a distance  r from  the  star,  the  radiaticei  from  the  star  is  spread  over  a spherical  surface  of  area 
A = 4*r3 . 

Execute:  */(4*r3)  = <5.0x10*  W/m3)f4rK2.0xl0,#  m)3  -2.5x|Oa  J 

EvaEUATE:  The  intensity  decreases  with  distance  from  the  star  as  Ur1 . 

Identify  and  Set  Up:  c -f  A . E^  - cBm^  and  / - EtmB^  /2pc 

Execute:  <■> /.l.3  00xl0‘mi't  =8.47,IQ-HZ 


M - 


'3.0540  V.  m 


3.00x10*  m/% 


- » i r. 


C>  /-5.  -£^n-<005J0  ^ SO>IO~,,r>  = 3.S7,lO-  VV/m- 

Evaluate:  Alternatively.  / - ~<sE^  . 

Identify:  Pm  -A4and  / -4 t^E)^ 

SET  UP:  The  surface  area  of  a sphere  is  A - 4;rr\ 


Execute:  P -5  A 


) VVh  3 00*10*  ra/slM, 
le(5.(Om>* 


12.0  V/m. 


, s£sLsi  12.0  VVm  ,40Qx|0>T 
4414  c 3.00x10"  tn  s 


EVAl.UATE:  £M4  and  B_^  are  both  inversely  fvoportxmal  to  the  distance  from  tlie  source. 

Identify  : The  Poviuing  vector  is  5 - Ex  B 

SET  UP:  The  electric  field  is  in  th:  ♦ r direction,  and  the  magnetic  field  is  in  the  ♦redirection. 
a*'tf=i(l-.co*2*» 


Execute:  (a)  S - ExB  (-j)xk  - -f.  The  Povnting  vector  is  in  the  r-dircction.  which  is  the  direction  of 
propagation  of  the  wave. 
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<b)  S(x,  t) - 1 ‘ **  ‘ cw'ltv  + wf ) - 1 + cos(2(&e  + Lv»).  But  over  one  penod.  the 

Vp  A.  2M. 

cosine  function  averages  to  zero,  so  we  have  S • — — — — This  is  1:41.(32.29). 

2Vp 

Evaluate:  We  can  also  show  thit  these  two  results  also  ^iply  to  th:  wave  represented  by  Eq  (32  1 7). 

52.25.  I DEMI  IV:  Use  the  radiation  pressure  to  find  the  intensity,  and  then  P^  - /(4;rrJ ). 

SET  Up:  For  a perfectly  absorbing  surface,  — 

c 

Execute:  pitt  - //<  » / - ./>_  - 2.70 - 10‘  Wm*.  Then 
r =/(4.T/J)  = (2.70*10l  W/m-'M^rKS-Om)1  =8.5x10'  W. 

Evaluate:  Even  though  the  source  is  very  intense  the  radiatxm  pressure  5.0  m from  the  surface  is  very  small. 

52.26.  IDENTIFY : The  intensity  and  th:  energy  density  of  an  electromagnetic  wave  depends  on  the  anqilitodcs  of  the 
electric  and  imgnctic  fields. 

SET  UP:  Intensity  is  / - P~  /A  . and  the  average  power  is  P4.  - 2 11  c*  where  / - • 7hc  energy  density  is 

Execute:  (.)  / - P.M  - 316JWOW  - 0.0020.  W.W.  P.  - 2//c  - 2,0  00201  - 1.34  * ,0  " Pa 

2e(50Q0  m>  3.00x10  m'i 

<•»  8>‘« 


2(0.0020  l\V.m) 

(8.85x10  " C-'i’N-m1 1(3.00  -10‘  mi) 


- 1.2?  N.C 


«...  “ Ei**/c  - (1.23  X/CW3.00  x I0‘  m'c)  - 4.10  x 10  ' 


(c»  u - so  u,  =*;.(£„ >;  and£„-  Jp.so 


(8.85x10-“  C;/N  m; )( 1 .23  NcC)' 


6.69  x 10  l!  I'm1 


(d)  As  was  shown  in  Section  32.4.  the  energy  density  is  th:  same  for  the  electrv  and  nugnctic  fields,  so  each  erne 
has  50%  of  the  energy  density. 

EVALUATE:  Compared  to  most  laboratory  fields,  the  electric  and  imgnctic  fields  xn  ordinary  radiowaves  arc 
extremely  weak  and  carry  very  little  energy. 

52.27.  IDENTIFY  and  Set  Up:  Use  Eqs.(32.30)  and  (32.31). 

Execute:  (a)  By  Eq.(32.30)  the  average  momentum  densitv  is  - 1 


d\'  c*  c~ 


dp  0.78x10*  W/ma 


--8.7x10  15  kg  m:  s 


dV  (2.99Kx  10  ins)* 

(hi  By  Eq.(32.31)  the  average  momentum  flow  rate  per  unit  area  is  — * — — 2.6x  10  ‘ Pa 

c c 2.998 x ICr  ms 

EVALUATE:  The  radiation  pressure  that  the  sunlight  would  exert  on  an  absorbing  or  reflecting  surface  is  very 
small. 

52.28.  IDEMIFY:  Apply  Eqx.(32.32)  and  (32.33).  The  average  momentum  density  rs  given  by  Eq.(32.30),  with  S 
replaced  by  » / . 

SETUP:  1 atm ■ 1.0 13x10*  pa 

Execute:  (a)  Absorbed  light:  p.  - - - 1-1  8.33  x 10*  Pa.  Then 

c 3.0x10  m s 


r.Mi- 


8.33x10  * Pa 
1.013x10'  Pa  atm 


- 8.23x  |0  * atm. 


2/  2(2500  W/n1) 

(h)  Reflecting  light:  p 1.67x10 

c 3.0x10'  m 's 


Pa  Ihen 


1.67x10  Pa 
1.013x10'  Pa, atm 


1.65x10  ” atm. 


Idcctramagnctic  Wave*  32-7 


32.29. 


32.30. 


32.31. 


32.32. 


32.33. 


dp  S 

(cl  The  momentum  density  is  - — 


251X1  W/nT 


2.78x10  “ kg/m*-* 


13.0 « 10*  m/t)' 

Evaluate:  The  factor  of  2 in  fee  the  reflecting  surface  arises  because  the  momentum  vector  totally  reverses 
direction  upon  reflection.  Thus  the  rfojngr  in  momentum  is  twice  the  original  momentum. 

IDENTITY : Apply  Lq.<32.4|  and  (32.9). 

SET  UP:  Iq. (32.26)  is  .V  - ^E1 . 

Execute:  5 - - 1—E * - I— E*  = E/:»  — = c 

>jW»  V/*  C \A.  ylWIH 

Evaluate:  We  can  also  write  S - c/*(e By  = </’  ‘ B * . 5 can  be  written  solely  in  terms  of  E oc  solely  in  terms  of  B. 
IDENTITY:  The  electric  field  at  the  nod:s  ts  zero,  so  there  is  no  force  on  a point  charge  plarcd  at  a node. 

SET  UP:  The  location  of  the  nodes  is  given  bv  liq.i  32.36 1.  where  x ts  the  distance  from  ooc  of  the  planes. 

A = c/f. 


1.** 


Execute:  Av,  - — - — 
2 2 / 


3.00  10  m s ,0200  m » 20.0  cm.  There  must  be  nodes  at  the  planes,  w hich 


2(7.50*  lu  llz> 

ire  80.0  cm  apart,  and  there  are  two  nodes  between  the  planes,  each  20.0  cm  from  a plane.  It  k at  20  cm,  40  cm. 
and  60  cm  from  ooc  plane  that  a point  charge  will  remain  at  rest,  since  the  electric  fields  there  arc  zero. 
Evaluate:  The  magnetic  field  amplitude  at  these  points  isn't  zero,  but  the  magnetic  field  doesn’t  exert  a f«cc 
on  a stationary  charge. 

IDENTITY  and  SET  Up:  Apply  Eq*.(32.36)  and  (32.37). 

Execute:  (a)  By  Eq.(32.37)  we  sec  that  the  nodal  planes  of  the  B field  arc  a distance  2 / 2 apart,  so 
>1/2  = 3.55  mm  and  i * 7. 1 0 mm 

(b)  By  Eq.(32.36)  we  see  that  the  nodal  planes  of  the  E field  arc  also  a distance  i/2  - 3.55  mm  apart 
(c>  v-fl- (2.20xlO'  II/«7.|0*  10  m>- 1 36x10’  mi. 

EVALUATE:  The  spacing  between  the  nodes  of  E is  the  same  as  the  spacing  between  the  nodes  of  H Note  that 
v < c,  as  it  must. 

Identity:  The  nodal  planes  of  £and  B arc  located  by  liqs.l 32.26)  and  (32.27). 


c 3.00  k 10s  ms 


SETUP:  2-  — 

( 


75.0x10  II/. 


4.00  m 


Exec  ute: 


(a)  Ar-  — = 2.00  m. 


(b)  The  distance  between  the  electric  and  magnetic  nodal  planes  is  one  quarter  of  a wavelength,  so  is 
2.(0  m 
4 


1 .00  m. 


2 2 

Evalu  ate:  Tb:  nodal  planes  of  B arc  separated  by  a distance  2/2  and  arc  rradwuy  between  the  nodal  planes  of  f 
(a)  IDENTIFV  and  SET  U P:  Th:  distanre  between  adjacent  nodal  planes  of  B is  2 / 2.  There  is  an  antinodal  plane 
of  B midway  between  any  two  adjacent  nodal  planes,  so  the  distance  between  a nodal  plane  and  an  adjacent 
antimxlal  plane  is  i/4.  Use  v*  fA  to  calculate  A. 

2.10*  10*  ms 


EXEC  l TE:  /. 


i.O  75  m 


L 0.0175  m 
4 4 


/ 1.20x10"  llz 

1.38*10  1 m - 4.38  mm 


(b)  Identity  and  SET  Up:  The  nodal  planes  of  E arc  at  x - 0.  i/2,  2,  32/2 so  the  antinodal  planes  of  E 

area!  x = i/4.  3i/4,  52/4 The  mdxl  planes  of  B arc  at  x = 2/4.  32/4.  52/4 so  the  antinodal  planes 

of  B areal  2/2,  2,  32/2 

EXEC  UTE:  The  distance  between  adjacent  antinodal  planes  of  £ and  antinodal  piincs  of  B is  therefore 
2/4  = 4.38  mm. 

(c)  From  Eqs.( 32.36)  and  (32.37)  the  distance  between  adjacent  nodal  planes  of  E and  B is  2/4  - 4 JH  mm. 
Evaluate:  The  nodes  of  E coincide  with  the  antmodcs  of  B.  and  conversely.  Tbc  nodes  of  B and  the  nodes 
of  E arc  equally  spared. 
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32J4. 


32.35. 


32.36. 


iDF.VIlt^ : Evaluate  the  derivative*  of  the  expression*  far  f)  and  B4{x*  /)  that  axe  given  in  Eqs.(  32.34)  and 
(JUS). 

SET  UP:  — sin  Av  - A cosAi  . — sinatf  - A>cosruf . — co*  At  - -A  sin  Ay  . — casruf  - -aisinfur  . 

(lx  cl  ct x cl 

&EAx%  t)  B3  B 

Execute:  (a) - — 4-2£^sintr*inft?r)  - — (“2A£M>coiArsina*)  and 

rV  ex’  rlv 

&EAxx  t) 


<o:  &E  (x,  r i 

2A’ A*.^.  smAvsinne  - ---2 /:-tM  *xn  Arana*  -<^r, ; 

a r*  cl* 


Similarly: 


<'fl  i*.  i)  a1 


f?.v 


— <-2z*._  cosAvcoswf)  -(♦2AiJt-4  smArcosotf)  and 

2r  fix 


cfaaua.  , *2 B._. ccfaco.M  - " 
• i C ft* 


(»» 


— — — — (-2/:’  . an  Ax  sin  a*)  - ~2A£(  ccffArsino*  . 


-—IE  cusAxsinav  - -<tt2^-^Lcos£Ysinnif  - -cj2AJ  cot  Ay  sin  r a . 


i 


[2B  cos  Ax  cos  a*  > 


' 

<T./> 


Similarly:  ' ' n _ ^*2tf  cck£tcoso*)=  -2AiT  smAr  coxae  . 


' - - 2tf  xio£Ycasr<rt  - —^2 cB  sinAYcasrt*  . 


rlv 

cB(x.  t> 


B . c£(.v.ri 

- -^4A»2I:,ms  sinAxcosav  = li/. -4"2£_ , sin Ar*in tf  1 - : 

3 1 fit  a 


Evaluate:  The  standing  waves  arc  linear  superposition*  of  two  traveling  wave*  of  the  same  A and  <v  . 
iDf.MItY:  The  nodal  and  antinodal  planes  are  each  spaced  one  half  wavelength  apart. 

SET  UP:  2t  wavelengths  fit  in  the  oven,  so  ( 2i)  a - L.  and  the  frequency  of  these  waves  obey’*  the  equation  # - c . 
Execute:  (a)  Since  (24.)^  - L,  we  have  /.  - <52)112.2  cm)  - 30.5  cm. 

(b) Solving  for  the  frequency  give/-  dX  - (3.00  - 10*  m'*l(O.I22  ml  - 2.46  * 10*  II/. 

(c>  L - 35.5  cm  In  lh»  cue.  (24)x  -L.*oA-  2LS  - 2(35.5  cmV5  - 14.2  cm. 

/-  dX  - (3.00  « 10*  mS  1(0. 142  m)  - 2. 1 1 x 10*  lb 

EVALUATE:  Since  microwaves  have  a reasonably  large  wavelength,  microwave  ovens  can  have  a convenient  size 
for  household  kitchen*.  Oven*  u*mg  radiowaves  would  need  to  be  far  too  large,  whale  oven*  using  visible  light 
would  have  to  he  macroscopic. 

IDI.M1FY:  Evaluate  the  partial  &rivativcs  of  th:  expressions  fee  £,  (x,  /)  and  B ( x,  /) . 

SETUP:  _Lan(Ar-ftJf| - A'Cos(£r-AV).  jLnn(Ax-Aif)  - -o>cos{&v-atf) . -Lcos<£v -**)  - -AsinfAv-ov). 

fix  Bj  Bx 

— co*(A*-<uf)  -rysin(£x-av) 

Bl 

Execute:  Assume  £-£Mjsin(£Y-atf)and  B - B^kiinfkx-M  with -jr<f<jr.  Eq.  (32.12)  is 
. Thi*  give*  A/:--4  cos<£v  - rat)  - cost  Ay  - <uf  * , so  ^ - 0 . and  kEtmAK  - m &tmAK . so 

r.v  Bt 


cB  BE 

(coBtmM  -cBimAA.  Similarly  for  Eq.(32. 14).  - — gives 

Bx  cV 


c«(b-Mt^i-yL«£  coi(b-M)(io  # - 0 aixl  iB  -*jia)E  %sa 


}*f 

TUrtZ  c’  c 


Evaluate:  The  E and  B fields  must  oscillate  in  phase. 
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32.37. 


32.38. 


32.39. 


32.40. 


IDENTIFY  and  Set  L>:  Take  partial  derivatives  ofIlqs.(32.12)  and  (32.14),  as  specified  in  tlx-  problem. 

dEt  (B 

Execute:  Eq.(32.l2):  — - 

ex  rV 

d d*B  tB  dE  d 

Taking  — of  both  sides  of  this  cquatxm  gives  - Eq.|32.l4)  says  — — Faking  — of 

i dt  & ex  cY  dx 


both  sides  at*  this  equation  gives 


d*E  dsE  1 <?5 


c^u. .so i- Hut i The  order  m 

8tdx  dtdx  €.u,  ex' 


r:E  B*E 

1 - 

r?vft  cidx 


d*B  1 d*B  d3B  d*B 

which  the  partial  donatives  are  taken  doesn't  change  tlx  result.)  So  — - - artel - 

rY‘  c,^.  dr‘  ex’  dt 

as  was  to  be  shown. 

Evaluate:  Both  fields,  electric  and  magnetic,  satisfy  the  wave  equation,  I:q  (32  10).  We  have  also  shown  that 
both  fields  propagate  with  the  sanx  sfxcd  »-!/ y]€ltu,- 

IDENTIFY : The  average  energy  dmuty  in  the  electric  field  is  ux  ^ - t«,(£*  an<f  ihc  average  energy*  density  in 


the  magnetic  field  is  i/. — (A*).,  . 

Set  Up:  ( inf  (to -at))  =y. 

EXIXIIE:  £,<«.»  -£-_c<u(fa-*»).  ut  -.«,£?  = 4«£i. cos’Cta - a»l  and  u,  r 

fl  (v.  -_Lfl^co*J(*r-«0«nd  U>>.  • A._ 

uim  ~ tV>BL  ■ c “ a 2^-^“ ' WlUCh  equ*k  ' 

Evaluate:  Our  result  allows  us  to  write  u -2u,  -•<.£*  and  i/  - 2«  — — 2/* 

« Ai»  * «Mt  «l  V4*  -)  ^ (W4 

Identify  : The  intensity  of  an  elcctromagixlic  wave  depends  on  tlx  an^ilitixle  of  the  electric  and  magnetic 
fields.  Such  a wave  exerts  a force  because  it  carries  energy. 

SET  UP:  The  intensity  of  the  wavs:  is  l -Pmi A-  rt^cE^ , and  the  force  is  E - Pd.  A where  Pd.  -Ifc  . 
Execute:  (a)  / - PJA  - (25.0CK)  W)T4xfS75  m):)  - 0.00602  W/m2 


W/.ivtf  .»£  - " - 2|Q'X^0:W.m->_  . .,,3^ 

' -*  Yv  Y,s-85‘10' "C"' 'N  •m-KJ.00«|0’m») 

- £w„V  - (2.13  N.CM3.00  - 10*  mi)  - 7.10  x 10'*  T 
(c»£  -P..A  - (He) A - (0.00602  \Vm!K0.IS0  ml(O.40O  ml  (3.1X1  x 10*  in  *)  - 1.20-  10'“  N 
Evaluate:  The  fields  are  very  weak  compared  to  ordinary  laboratory  ticVds.  and  tbc  force  is  hardly  worth 
worrying  ahaut! 

IDENTIFY:  c*  f A . E - cB  . i-LtcE’  For  a totally  absorbing  surface  the  radiation  pressure  is  — . 


SET  Up:  The  wave  speed  m air  is  c - 3.(0 x 10*  m s . 

* ^•OO‘l0‘  *nt  - 7.81x10* 


Kxexite: 


«*>  «...  - 


1.35  Van 


-4.50x|0  T 


c 3.00x10*  in’s 

(c>  / =7<S.854x10  12  C2'N  m*K3. 00x|0*  nVs)(1.35  VAn)J  =2.42x10  * W.‘m2 

m F = <P-c-.cn  - !± , <2M"°  * « ' a |.94xl0  11  N 

p c 3.00x10*  ml 

Ev AU  ATE:  The  intensity  depends  only  on  the  amplitudes  of  tbc  clcetnc  and  magnetic  fields  and  is  independent 
of  the  wavelength  of  the  light. 
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32.41. 


32.42. 


32.43. 


(a)  IDENTIFY  and  SET  L>:  Calculate  / and  then  use  Eq.(32.29»  to  calculate  E^  and  Eq.<  32.  IS i to  calculate  B„t . 

P 3 20x  10  ' W 

EXECUTE:  The  intensity  is  power  per  unit  area:  / * 652  \V  m* . 


I ,7tl.25x|u  ml 


K 


E^  - J2|4.7xl0  ' T m AK2.99Sxl0>  nVs)f652  Wnf ) - 701  V 


£.„  701  V m 

c ” 2.998x10'  nvs 


- 2.34  x 10  * T 


EVALUATE:  The  magnetic  fiekl  amplitude  is  quite  small. 

(b)  IDENTIFY  and  SET  UK  Eq*.<24. 1 1)  and  <30. 10)  give  the  energy  density  in  terms  of  the  electric  and  mignctic 
field  values  at  any  time.  Tor  sinusoidal  fields  average  over  £‘  and  B1  to  gel  the  average  energy  densities. 
EXECUTE:  The  cixrgy  density  in  the  electric  field  is  uf  - ^tE‘.  E - £.  . cos<Lr  -fat)  and  the  average  value  of 
cos*(it-flt)  is  i..  The  average  energy  density  in  the  clectrie  field  then  is 

-7*, =i(8.854x!0'is  C*/N-ra1)(70l  V.mf  =1.09x10  lm\  The  energy  density  in  the  magnetic  fiekl 

is  i,  -JL.  The  average  value  is  « * h>.  ^ — * 1.09x10’*  I’m1. 

* 2/ip  4 u%  4(4.7*  10  T m A> 

Evaluate:  Our  result  agrees  with  the  statement  in  Section  32.4  that  the  average  energy  density  for  the  electric 
field  is  the  some  as  the  average  energy  density  for  the  magnetic  fiekl. 

(c)  Identify  and  SET  Ur:  7T»c  total  energy  xn  lhw  length  of  beam  is  the  total  energy  density 

us  -uf  s -2. 18x10  * J.W  times  the  volume  of  this  part  of  the  beam. 

Execute:  Jm'xl.oo m);r(  1.25x10  ' ml'  -1.07.10  " J. 

Evaluate:  Thw  quantity  can  also  he  calculated  as  tlx  power  output  times  the  time  it  takes  the  light  to  travel  L - 

1.00  m:  U -/•!  — * -<3.20*10  1 W )| L 1.07*10  " J.  «vh>ch  check 

UJ  1.2.998*  10’ 

Identify  : Use  the  gaussian  surface  specified  in  tlx  hint. 

SET  UP:  The  wave  is  in  free  space,  so  in  Gauss'*  law  for  the  electric  field  Qm  i - 0 and  (E  dA  - 0.  Gauss'*  law 
for  the  magnetic  field  jays  dA  - 0 

EXECUTE:  L’ic  a gaus*ian  surface  such  that  the  front  surface  is  ahead  of  the  wave  front  <noclcctrx  or  magnetic 
field*)  and  the  bark  face  is  behind  the  wave  front,  as  shown  in  Figure  32.42.  H dAmEgAm2s±m O.so  -0. 

jB  dA- BA- Oand  * ^0. 

EVALUATE:  The  wave  must  be  transverse,  since  there  arc  no  components  of  the  electric  or  magnetic  field  in  the 
direction  of  propagation. 


IDENTIFY:  / = Pmf  A . For  an  absorbing  surface,  the  radiation  pressure  is  p ^ - — 

SET  UP:  Assume  the  electremvignetic  waves  arc  formed  at  the  center  of  the  sun.  so  at  a distance  r trom  the  center 
of  the  sun  / - P .'(4 xr: ). 


32.44. 


32.45. 


32.46. 


32.47. 
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3.9x10s*  \V 


IxR*  4,7(6.96*  10*  m>* 


6.4*10:  W/m*  and 


EXECUTE:  (a)  At  tbc  sun's  surface  / 

/ 64*  10^  W/m* 

*-‘7*  3.00x10*  m/a  ■02IPJ- 

|b)  Halfway  out  from  the  sun's  center,  the  intensity  is  4 time*  more  intense,  and  so  i*  tlx  radiation  pressure: 

/ - 2.6*  10*  \V.ta:  and  pkU  - 0.85  Pa  At  the  top  of  the  earth's  atmosphere,  the  measured  sunlight  intensity  i* 
1400  W/m*  - 5*10  * Pa.  which  is  about  100,000  time*  less  than  tb:  values  above. 

Evaluate:  (b)  The  gas  pressure  at  the  sun's  surface  is  50.000  litres  greater  than  the  radiation  pressure,  and 
halfway  out  of  the  sun  the  gas  pnrssure  is  believed  to  he  about  6x  10"  time*  greater  than  the  radiation  pressure. 
Therefore  it  is  reasonable  to  ignore  radiation  pressure  when  modeling  the  sun's  interior  structure. 

p 

Identify:  / - — / - . 

SETUP:  3.00xltf  m* 

r 2.80x10*  w 


EXECUTE:  I 


77.8  \V  . 


36.0  m 


2<77.8  W/m*  i 


242  NC. 


</•  y (8.854x10  **  C*»'N  m’  K30IO  *ICf  mil) 

Evaluate:  This  value  of  E is  umitir  to  the  electric  field  amplitude  in  ordinary  light  sources. 

Identify:  The  some  intensity  light  falls  on  both  reflector*,  but  the  force  on  tb:  reflecting  surface  will  be  twice  a? 
great  os  the  force  on  the  absorbing  surface.  Therefore  there  will  be  a net  torque  about  tlx:  rotation  axis. 

SET  UP:  For  a totally  absorbing  surface.  F - P4.  A - (/c)/f.  w hile  for  a totally  reflecting  surface  tbc  force  will  be 
twvce  as  great.  The  intensity  of  tbc  wave  is  / - ^c£^.  Once  we  have  tb:  torque,  we  can  use  tb:  rotational  form 
of  Newton's  second  law.  /a.  to  find  the  angular  acceleration. 

ItfE'A  t 


EXECUTE:  I he  force  on  the  absorbing  reflector  is  /•  - i>  A - < J c)A 


For  a totally  reflecting  surface,  the  force  will  be  twice  as  great,  which  is  . The  nd  torque  is  therefore 

- *;..<* '2)  - F^tat  m+aeLu* 

Newton's  2“  law  for  rotation  give.  r„  - la.  c,A£'_tl.  4 - 2m(/-'2)'o 

{8.8Sxl0*'c'/Nm')(0.01S0ml’(l.2SN.'C)'  „ , 

3.89x10  " rad*' 

(2K0.00400kgH1.0:  mi 

EVALUATE:  Thrs  is  on  extremely  small  angular  acceleration  To  achieve  a larger  value.  we  would  have  to  greatly 
increase  lb:  intensity  of  the  light  wave  cc  decrease  the  mass  of  the  reflectors. 

IDENTIFY:  For  light  of  intensity  /.K  incident  txv  a totally  absorbing  surface,  the  radiation  pressure  is 

p . — —For  light  of  intensity/  , incident  on  a totally  reflecting  surface,  p . , 

c c 


Solving  for  a gives  a - €.AE * /(2m/. ) - 


SET  UP:  The  total  radiation  pressure  is  p - p 


*L*  + P*Ld I 


/.  - w/and  / t 


_ 2/k1  wl  2(1 -h)/  <2-h)/ 

c c c c c 

(b)  (it  For  toally  absorbing  w -Iso  — . < ii  | For  totally  reflecting  u*-  Oso  ptU  - — . These  are  just  equations 

c c 

3132  and  32.33. 

(f) For  »- 0.9  and/ ^1.40-10'  W/m'.  „ - 1 -11-1-1"  IV  ;l1  1 .5.13x10  * Pa.  Foe  >.-0.1  and 

3.00. 101  ms 

/-1.40.10-  W/m'.  ■2-"|,l-40-10'W/m').g87„0.^ 

' “ 3.00.10*  mb 

EVALUATE:  The  radiation  pressure  is  greater  when  a larger  fraction  is  reflected. 

IDENTIFY  and  SET  Up:  In  the  wire  the  electric  Field  is  related  to  tb:  current  density  hv  Eq<25.7).  Use  Ampere's 
law  to  calculate  H.  The  Poyntmg  vector  is  given  by  Eq.(32.28)  and  the  equation  tbit  follows  it  relates  the  energy 
tlow  through  a surface  to  S. 
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32.4*. 


32.49. 


EXECUTE:  (a)  The  direction  ot’  E it  parallel  to  the  axis  of  the  cylinder,  in  the  direction  of  the  current.  From 
Fq.<25.7),  E - pJ  - pStiCQ*.  ( E if  uniform  arrows  the  cnat  section  of  the  conductor.) 

|b)  A croW'fcdiceial  view  of  the  conductor  if  given  in  Ficun:  32.47a;  take  the  ament  to  he  coining  out  of  the  pane. 


Apply  A nacre’s  law  to  a 
circle  of  radius  a. 

$B  dt  - Bilsa) 


/«  di  -//,/_  gi«s  Bl2.ra >-*,/  and  B- 

The  direction  of  B « counterclockwise  around  the  circle, 
(c)  The  directionf  of  E ami  B arc  shown  in  ! retire  32.47b. 

H l 


The  direction  of  5 • — E x B 

M. 

is  radially  inward 

S--±.EB.±{£L't£L 

P,  Ailw  A2w 


P* 

TP 


Figure  32.47b 

(d)  EVALUATE:  Since  .9  is  constant  over  the  surface  of  the  conductor,  the  rate  of  energy*  flow  P is  given  by  .9 

times  the  uirtacc  of  a length  / of  the  conductor:  P - SA  - S(2xal)  - — (2.™/)  - ^1-.  Hut  //  - -^-L.  so  th: 

2xa  xa  xa' 

result  from  th:  Pointing  vector  is  P - BP . This  agrees  with  P,  - PR.  the  rate  at  which  electrical  energy  is  being 

dissipated  by  the  refinance  of  the  wire.  Since  -9  is  radially  inward  at  the  surfarc  of  the  wire  and  his  magnitude 
equal  to  the  rate  at  w hich  clcctxical  energy  is  being  dissipated  in  the  wire,  this  energy  can  be  thought  of  as  entering, 
through  the  cylindncal  sidrs  of  the  conductor. 

iDIMltY:  The  intensity  of  the  wave,  not  the  electric  field  strength,  obeys  an  inverse*  squire  distance  law. 

SET  LtP:  The  intensity  is  inversely  proportional  to  the  distance  from  the  source,  and  it  depends  on  th:  amplitude 
of  the  electric  field  by  / - .9.,  - 

EXECUTE:  Since  / - x V*  • A P°*n!  at  20.0  cm  <°*200  m>  from  source  is  50  times  closer  to 

the  source  than  a poent  that  is  10.0  m from  it.  Since  / x 1/r*  and  (0.200  m>(  10.0  m>  - I.' 50.  we  have  hit " 502  /*. 
Since  EtmtA  * . we  have  Eti t - 50Elo  - (50K 1 .50  N.C)  - 75.0  N,C. 

EVALUATE:  While  the  intensity  increases  by  a (xiot  of  50:  - 25IX).  the  amplitud:  of  the  wave  only  increases  by 
a factor  of  50.  Recall  that  the  intensity  of  om*  wave  is  proportional  to  the  square  of  its  amplitude. 


IDEMIFY  and  SET  Up:  The  magnitude  of  the  induced  emf  is  given  by  Faraday's  law:  |£| 


. To  calculate 


d<bMSdt  we  need  dBt  dt  at  the  antenna.  Use  the  total  power  output  to  calculate  / and  then  combine  liq.(  32.29)  and 
(32. 1 8)  to  calculate  B #-# . The  time  dependence  of  B is  given  by  ilq.(32. 1 7). 

EXECUTE:  *t>*  - BxR1 . when:  R - 0.0900  m is  the  radius  of  the  loop.  (This  assumes  that  the  magnetic  f*:ld  is 

dB 


uniform  across  the  loop,  an  excellent  approximation.  I If  I - xR~ 


l he  maximum  value  of 


AMinfLr-Atf) 


IN  iO  Ifl  - T R'B 


If  - 0.0900  m m = 2.t/  - 2.t<95,0  ‘ 1 0v  I I/I  -5.97.10'  rod  s 
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32.50. 


32.51. 


32.52. 


32.53. 


Calculate  the  intensity  / at  this  distance  from  the  source,  and  from  that  the  magnetic  field  amplilixle  B^ : 


fhus  ii 


0/  I^t-IO  in  AH  7 IIP  » 10  1 VV'mJ  I _ j .j,  |0  ••  T Thru 

2.998*  IQ  m s 


[f|_  - xR B^to-  xf 0.0900  m>:(2.42x  10  v T)|  5.97x10*  rad  si  - 0.0368  V. 

EVALUATE:  An  induced  cmf  of  this  magnitude  is  easily  detected. 
iDf.MItY:  The  nodal  planes  arc  one-half  waveVmgth  apart. 

SET  UP:  The  nodal  planes  of  Ii  arc  at  x - x4,  3A»4.  5i/4 which  arc  )J1  apart 

EXECUTE:  (a)  The  wavelength  is  a - elf  - (3<MXl  x 10*  nvxV(  1 10.0  x 10*  lb)  - 2.727  m.  So  the  nodal  planes 
ire  at  (2.727  mV‘2  - 1 .364  m apart. 

(b>  For  the  nodal  planes  of  £.  we  have  4,  - 2Ln.  so  L -n?J2  - (RX2.727  mV2  - 10.91  m 

EVALUATE:  Because  radiowaves  have  long  wavelengths,  the  distances  involved  arc  easily  measurable  using. 

ordinary'  irctersticks. 

IDI.M1EY  and  Set  Uf:  Find  the  force  on  you  due  to  the  momrntum  carried  off  by  the  light.  Express  this  fi>rce  in 
terms  of  the  radiated  power  of  the  flashlight.  Use  th*s  fevee  to  calculate  your  acceleration  and  use  a constant 
acceleration  equation  to  fmd  the  tin*: 

(a)  EXECUTE:  -lie  and  /’  - puiA  gives  F = I Ale  = P^  ic 

a - F.'m  - Pst  •<(mc)s(200  W>j(l50  kg)(3.00xlCF  nvs)|  ^4.44x10  v mV 

Then  .« 70/  give*  t-J2li-x,ya,  -^2(16.0  mV(4.44x|0  ' mi" | ^8.49*10*  s = 23.6h 

EVALUATE:  The  radiation  force  is  very  small.  In  the  calculation  we  have  ignored  any  other  forces  on  you. 

(b)  You  could  throw'  th:  flashlight  in  the  direction  away  from  the  ship.  By  conservation  of  linear  momentum  you 
would  move  toward  the  ship  with  the  sam:  magnitude  of  momentum  as  >ou  gave  the  flashlight. 

IDEM1FY:  Pm  - !A  and  / - • £***  = l A-. 

SET  Up:  The  power  carried  by  Ihe  current : is  P - Vi . 

277  / 215.00x10'  VX1000  A) 


Execute:  / - — - 
A 


„,£&-*-.i4‘.lya,205)l  d-t 

c 3.00x10*  nvs 


Ac, 4'  vies  \(l00m*)+(ya0xur  m/si 
T. 

(5.00x10*  VHI0Q0  A) 


5.14x10*  V/m. 


5dOx  10*  W/m' . This  is  a very'  intense  beam  spread  over  a 


Evaluate:  / - V t A - 

100  m 

large  area. 

iDEMItY:  The  orbiting  satellite  obeys  Ncwicm's  second  law  of  motion.  The  intensity  of  the  clectromignetic 
waves  it  transmits  oh^*s  the  inverse*  square  distance  law.  and  the  intensity  of  the  waves  depends  on  the  amplitude 
of  the  electric  and  magnetsc  fields. 

SET  UP:  Newton's  second  law  applied  to  the  satellite  gives  m\*lR  - Gi»tt//f\  where  M « the  mass  of  the  Earth 
and  m is  the  mass  of  th:  satellite.  The  intensity  / of  the  wave  is  /"5M“  * and  by  definition.  / - PnIA. 

EXECUTE:  (a)  The  period  of  the  orbit  is  12  hr.  Applying  Newton's  2r‘*  law  to  the  satellite  gives  m\*>R  - 
(2r riff  GmM 


winch  gives 


Solving  tor  r.  we  gel 


i' GMT* V ‘ (6-<>7 * 10  " N m:lg-)(5.97xl0!'  kg)|l2- 3600s)* 

" C 


-2.66-101  m 


The  height  above  the  surface  is  ft  - 2.66  - ID  m 6.3S  x 1 01'  m - 102  < 10  m The  satellite  only  radiates  its 
energy  to  the  lower  hemisphere,  so  the  area  is  1/2  that  of  a sphere.  Thus,  from  the  definition  of  intensity,  the 
intensity  at  the  ground  is 

I - PJA  - PJOxh' | - (25.0  WVI2x(2.Q2  x 10'  m)'l  - 9.75  x 10  " W Jn3 


2i 


|b>/-.V.,-4«.c£„„-.so  £„-  (— 


’<9.75x10  ttm'l 


y(S.85x  10  "C*7N  m‘|(3.00>l0‘  ms) 

«...  - £„'e- (2.71x10*  Nt>'<3.00xl0'  nv*>-9.03xl0  “ 
r = rf'e  = <2.02x I0T  m)(3.00xl0“  m'sl  - 0.0673  s 


2.71-10*  NC 
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32.54. 


32.55. 


32.5*. 


(c) /V.  - ifc • (9.75 x 10  15  \V.m‘>'(^-COx  10*  in's)  - 3.25 x 1 0 Pa 

(d)  X-cif-  (3.00x  I0‘  m'sK( 1 575.42 x !0‘  Hz)  - 0. 190  m 

EVALUATE:  The  fields  and  pressures  due  to  these  waves  arc  very  small  compared  to  typical  laboratory  quantities. 

2/ 

IDEVIIFV:  For  a totally  lefledh'C  surface  the  radiation  pressure  is  1 Find  the  force  due  to  thrs  pressure  and 


iijA  / 


express  the  fcecc  in  terms  of  the  power  output  /*  of  the  sun.  the  gravitational  focec  ot  the  sun  is  - C» 

SETUP:  Ibe  nuu of Ihe  sum  is  .W_  = 1.99*10*  kg.  G =6.67x10  " N m'flcg-'. 

EXECUTE:  (a)  The  sail  should  be  reflective,  to  produce  the  maximum  radiation  pressure. 

(21^  P 

|b)  Fy  - | — \A  . where  .1  is  th:  area  of  the  sail.  / - ■ . where  /*  is  the  distance  of  the  sail  trom  the 


.in 


IfA 


V 4.n  * / 2 xrmc 


2.TrJc 


( 2jKGNAfH.  2«3J»xlO*  m'*K6.67x  10  " Nm';kg')(l  0.000  kgM1.99x  10*  kg> 

P 3.9x10’’  \V  ‘ 

.1-6.42x10' nr  -6.42  km'. 

|c)  Ikith  the  gravitational  tree  aixl  the  radiation  pressure  are  inversely  proportional  to  the  square  of  the  distance 
from  the  sain,  so  this  distance  divxJcs  out  when  we  set  Ftsi  - F*. 

Evaluate:  A very*  large  sail  is  needed,  just  to  overcome  the  gravitational  pull  of  the  sun. 

IDENTITY  and  Si: t UP:  The  gravitational  force  is  given  by  Kq.(l2.2).  ILxpress  the  mass  of  the  particle  in  terms  of 
its  density  and  volunx:.  The  radiation  pressure  is  given  by*  liq.l  32.321:  relate  the  power  output  L of  the  sun  to  th: 
intensity  at  a distance  r.  The  radution  force  is  the  pressure  tinxs  the  cross  sectional  area  of  the  particle. 

EXECUTE:  (a)  The  gravitational  force  is  F - The  mass  of  the  dust  particle  is  m - pV  - p^xR  . Thus 


r - 


XpGxMR* 

JP 


(b)  For  a totally  absorbing  surface  p ^ - — . If  L is  the  power  output  of  the  sun.  the  intensity  of  the  solar  radiation 

c 

a distance  r from  the  sun  is  / Thus  p • TTie  force  F that  corresponds  to  i>  is  zn  the 

4rr*  4 xcF 

direction  of  propagation  of  the  radiation,  so  F%u  - pt^iAl . where  A 4 - xR'  is  the  component  of  area  of  the  particle 

perpendicular  to  the  radiation  direction.  Thus  F - 1 — — — ,(t/?j ) - ? 

\ Axcr'  ) 4 cr' 

ApGxAiR'  LR1 


3? 


4c  r 


- Jl  and  R 1L 

V 3 / 4c  \6cpGxM 

„ 3(3.9x10*  W) 

l6O.998xl0#  in  sX-MIOOkg  m M6  67.W10  * N-m*  kg'  ).t<I .99 • 10 * kg) 

/?  = 1.9x10  m -0.19  pm. 

E VALL  ATE:  The  gravitatniral  fccce  and  the  radiation  force  both  have  a r ' dependerxe  on  th:  distance  from  the 
sun.  so  this  distance  divides  out  in  the  calculation  of/?. 

. FtaX  is  proportKHiil  to  R’  and  Fg  is  proportional  to  R\  so  this 


F , ( LR' 

ld>  T-1 Jl 4 pGxmR'  J " 16 tpGKMR 
ratio  is  proportional  to  I.’/?.  If  R < 0.20  pm  then  > Fv  and  the  radiation  force  will  drive  the  putides  out  of  the 
solar  system. 


IDENTITY:  TTie  electron  has  acceleration  a . 

R 


SETUP:  1 cV  - 1.60x10  " C.  An  electron  has  b =c  = l.60x!0  C. 


Electromagnetic  Waves  32-15 


32.57. 


32.5*. 


Execute:  For  the  electron  in  the  classical  hydrogen  atom,  its  acielcnitim  is 

»t  - — - T"n  - 1 v*  ^ 1 — - 1,1 — 1 ^ 9.03  x I0:‘  mi'x* . Then  using  the  formula  for  \Yk  rale  of  energy 

R ±mR  (9.11x10  “ kgHS.29x  10  1 m> 

emission  given  in  Problem  32.57: 

— -_l£ — <1.60*10-*  C)-<9.03xlQu  m,'*-)1  _ j6||t,0  . 2.89x10"  cV/, Thl, togc v.luc of ^ 

di  bxw  6t<,(3.00x  10  m/sr  dt 

would  mean  that  tfo:  electron  would  almost  immediately  lose  all  its  energy! 

EVALUATE:  The  classical  physics  result  «n  Problem  32.57  must  not  apply  to  electrons  in  atoms. 

IDEM  WV:  The  orbiting  particle  has  acceleration  a . 

R 

SET  L'P:  K - r«v*.  An  electron  has  mass  = 9.1  lx  10  ' kg  and  a proton  has  mass  mf  - 1 .67 x 10  * kg . 

Execute;  pjjglL  -i-w ££|. 

(C/N-mHm/*)  * % l >'l  J 

(b)  For  a proton  moving  in  a circle,  the  acceleration  is 

Vs  imv'  2<6.00«10'  cV)(1.6x10 '*  J/cV)  , ,,  ...  ..... 

ii — ! .S3  * 10  m/i  The  rale  at  which  it  emit*  energy  became  i>f 

K inttf  <1.67x10-  kg) (0.75 ml 

it*  accelciation  i*  ■ ———r  “ —————— - 1 .33 x 10'11  8.32.10’  eV/, 

dt  6.t etc‘  6.r<,(3.0x|0*  m /%?  ‘ ‘ 

■ <***"'■>  cV  ~ , j^x  !q  n 

£ 6.00x11/  cV 


Therefore,  the  frxlion  of  its  energy  that  it  radiates  every  second 


(c>  Cany  ixit  the  sanv  calculations  as  in  part  (b(,  hut  now  for  an  electron  at  the  same  speed  and  radius.  That  means 
the  electron's  acceleration  is  tlie  same  as  tlie  proton,  and  thus  so  rs  the  rate  at  vvh»:h  it  emits  energy,  since  they  also 
have  the  same  charge.  However,  th:  electron’s  initial  energy  ditTcrs  from  the  proton’s  by  the  ratio  of  their  misses: 

£.  - £,—  -(6.00-10“  cVil^"'|”..^.l|-«  73  cV.  Therefore,  the  fraction  of  it*  energy  that  it  radiate*  every 

..  (dE/JlVls)  8.32x10 ’cV  , „ .... 
second  11  2-54x10  ' 


EVALUATE:  The  proton  has  speed  v - 


2(6.0x10*  cVK  1.60x10  " J’eVt 
1.67x10-  ki? 


3.39x10  ms.  The  electron 


has  the  same  speed  and  kitxtic  energy  3.27  kcV.  The  particles  in  the  accelerator  radiate  at  a much  smaller  rate  than 
tlie  clcctnxi  in  Problem  32.56  does,  because  in  the  arcclcrator  th:  orbit  radius  is  very  much  larger  than  in  th:  atom, 
so  the  acceleration  is  much  less. 

IDEM  m and  SET  t’r:  Follow  the  steps  specified  in  the  problem. 

Execute:  (a)  £,<x.f>-  £.„c *inU( j-n-l 

<-*.  k'“  riKM <**.  k '- 

- £_<**'  k- • *iWf«x  - <*)  + £_(-t;k''‘  coart.  x-o< 

(-*c k '•  • co*(*,x - «*)  * £_.  <-AtV'‘«irt,  »-<*). 

- -2£  i'c  *''  court  r -iui).  - £ c *«•  aca»k  .v-o*r>. 
rh‘  rV 

aBE, 


setting 


rlv*  pet 


gives  2£_.. k!e  k 4 cos<A.  x - av  ) - c * 4 co*<£  x - <uf ) . This  will  only  he  true  if 


°»  p V-P 

(b|  Tlie  energy  in  the  wave  is  dissipated  by  the  i’R  heating  of  the  conductor. 

, . c E*  . t I (2p  (2(1.72x10  'n  ml  . IA.s 

(c)  E ^krs|.x i—-  / — 6.60x10  m 

' c kt  y tty/  y 2.7(1. Ox  10 

EVALUATE:  The  lower  tlie  trequercy  of  the  waves,  the  greater  rs  the  distance  they  can  penetrate  into  a conductor 
A dielectric  (insulator I has  a mixh  larger  resistivity  and  these  waves  can  penetrate  a greater  distance  in  these 
materials. 
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Tin:  Nature  and  Propagation  of  Light 


33.1.  IDENTIFY:  For  reflection.  0,-0A. 

Si:r  UP:  The  desired  path  of  the  ray  is  sketched  in  Figure  33. 1 

Execute:  land  - 14,0 .c”  . so  4 - 50.6°  . 0,  - 9CTJ  -4  - 39.4 ; and  0-0-  39.4°  . 
1 1.5  cm 

Evaluate:  The  angle  of  incidence  is  measured  from  the  norimJ  to  the  surface. 


Figure  33.1 


33 2 Identify:  Foe  reflection.  0,-0*. 

SET  UP:  The  angles  of  incidence  and  reflection  at  each  reflection  are  shown  in  Figure  33.2.  Fee  the  rays  to  be 
perpendicular  when  they  cross,  a - . 

EXECUTE:  (a)  0 + + - and  //-*  $$-90*.  so  P -0  • — * /7-9CT  and  a - 1 80i  - V) - 
<b)  ^^4(l80°-ff)  = 4<lH0’-90c'f  = 45&. 

EVALUATE:  As  0 ->  O' . a ->  180* . This  corresponds  to  the  incident  and  reflected  rays  traveling  in  nearly  the 
same  diro^ion  As  O ->  90° . a ->  0* . This  corresponds  to  the  incident  and  reflected  rays  traveling  in  nearly 
opposite  directions. 


Figure  33.2 


33-1 
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33.3. 


33.4. 


33.5. 


33.6. 


33.7. 


iDtvnn  And  SET  Ik  Use  Eqs.(33.1)  and  (33.5)  to  calculate  v and  A. 

Execute:  n)«^«v-i  : mt -idlxli?  m* 

i-  n 1.47 

i,442nm 

««  1.47 

Evaluate:  Light  is  slower  in  the  liquid  than  in  varuuni.  By  v - f?.K  when  v is  smaller.  A is  smaller 
IDEVIUY:  In  air.  c = fi  . In  glat*.  X - — ■ 


Set  Up:  £-3110-1  O'  m* 

..  , , c 3.00*10"  m.'» 

Execute:  u>  X,  - — - 


/ 5.80*10"  1 1* 


-517 


IbU^-iiL^MOnn 

EVALUATE:  In  glass  the  light  travels  slower  than  in  vacuum  and  the  wavelength  is  smaller. 

iDFAlltY : n - — . A — — . where  is  the  wavelength  in  vacuum, 

v n 

SET  UP:  c - 3.00  * 10*  mfc . n for  air  is  only  slightly  larger  than  unity. 

..  c 3.00x10*  m's  t 

Execute:  <a)/j--  1 .54. 

v 1.94x10*  m/s 

(b)  Ac  = nA  = (1.54K3.55x  10  m>  = 5.47x10  m. 

EVALUATE:  In  quart/  the  speed  is  lower  and  the  wavelength  is  smaller  than  in  air. 

Identify:  a-  — . 


Set  Up:  From  Table  33.1.  i»^  - 1.333  and  n^  m =1.501 
Execute:  (a)  A^n^  - - At  = a 


(438  nm)l  ■ ' - 389  rrn 


V L501 ; 

|b)  Ac  = -(438  nm)(!.333)  = 584  ran 

Evaluate:  A.  is  smallest  in  benzene,  since  ti  is  largest  for  benzole. 

IDENTIFY:  Apply  Lqs. 133.2)  and  <33.41  to  calculate  0 and  0 . The  angles  in  these  equations  are  measured  with 
respect  to  the  normal,  not  the  surface. 

(a)  SEI  Up:  The  incident,  rejected  and  refracted  rays  are  shown  in  Figure  33.7. 


Execute:  0-0-  42.5 
The  reflected  ray  makes  an 
angle  of  90.0°  -0,  =47.5° 
with  the  surface  of  the  class 


(b)  nm  sm0  = sin0^.  where  the  angles  are  measured  from  the  norrml  to  the  interface. 

rin^  a-  s 0.4070 

1.66 

0%  =24.0° 

The  refracted  ray  nukes  an  angle  of  90.0 ~ -0%  = 66.0:  with  the  surface  of  the  glass. 

Evalu  ate:  The  light  is  bent  toward  the  normal  when  the  light  enters  the  material  of  larger  refractive  index. 
IDENTIFY:  Use  the  distance  and  time  to  find  th:  srved  of  light  in  the  plastic,  n - — 


SETUP:  c = 3.00x10*  in's 
d 150  m 
Execute:  v»— » — 

/ 11.5x10' "s 


. c 3.01x10*  m s 

— -2.17x10  m/s.  ;i --  1.38. 


v 2.17x10' m s 

EVALUATE:  In  air  light  travels  this  same  distance  in  1 11 -8.3 

3.00x10  ms 


33.8. 
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33.9. 


33.10. 


33.11. 


33.12. 


33.13. 


IDENTIFY  and  SET  Ur:  Use  Snell's  law  to  find  the  index  of  refraction  of  the  plastic  and  then  use  l:q.(33. 1 I 
calculate  the  speed  r of  light  in  tbc  plastic. 

Execute: 

sintf 


*in0  -/i^sxn 


slntf 


[ 310 


sin62.7° 
Kin4S.  1° 


194 


n-L  mv- 1.(3.00-10'  m'*)/l.l94- 2.51x10*  m't 

V II 

Evaluate:  Light  is  slower  in  plastic  than  in  air.  When  tlx  liglu  goes  from  air  into  the  plastic  it  is  bent  toward 
the  normal. 

IDENTIFY  : Apply  Snell  s law  at  both  interfaces. 

SET  UP:  The  path  of  the  ray  is  sketched  in  Figure  33. 10.  Table  33.1  gives  n - 1 .329  for  tbc  methanol 
Execute:  (a)  At  the  air-glass  interface  <I.OO)sin4l  3°  - sin  a . At  the  glass  methanol  interface 
ff(ltsinfl  = (l.329)sin0.  C ombining  these  two  equations  gives  sin  4 1.3°  - 1.329sintf  and  0 - 29.S:. 

(hi  The  same  figures  applies  as  for  port  (a),  except  0 - 20.2° • <I.OO»sm4l.3:  - n sin 20.2°  and  n - 1.91- 
E VALLATE:  The  angle  <t  is  25.2°.  The  index  of  refraction  of  methanol  is  less  than  that  of  the  glavs  an!  the  ray  is 
bent  away  from  the  normal  at  the  glass  ->  methanol  interface.  The  unknown  liquid  has  an  index  of  refraction 
greater  than  thit  of  tbc  glass,  so  the  rav  is  bent  toward  tbc  normal  at  the  glass  ->  liquid  interface. 


Figure  33.10 

Identify  : Apply  Snell's  law  to  each  refraction. 

SET  UP:  Let  the  light  initially  be  in  the  material  with  refractive  index  n and  let  the  final  slab  have  refractive 
index  it*.  In  put  la)  let  the  middle  slab  have  refractive  index  n,. 

EXECUTE:  (a)  1°  interlace:  n„mOm  - n,sin0,.  2U  interface:  /?, sinft  Combining  the  two  equations 

gives  sin0a  - an^.  This  is  the  equaticoi  that  would  apply  if  the  middle  slab  were  absent. 

(b)  For  AT  slabs,  na  sin0a  - /i  sm0, . n,  sin0,  - n2  sin  (K »v_j  sin  0S  2=/^  sin^.  Combining  all  these  equations 

gives  nm  sin  0t  - unfl.. 

EVALUATE:  The  final  direction  of  travel  depends  on  the  angle  of  incidence  in  the  first  slab  and  the  refractive 
indices  of  the  first  and  last  slabs. 

Identify  : Apply  Sncirs  law  to  the  refraction  at  each  interface. 

Setup:  or  =1.00.  =1.333. 

EXECUTE:  (a)  0M  = arcsinj  sintf#  j = arcsinj  } ^ sin3S.0:  J = 25.5°. 

EVALUATE:  <b)  This  calculation  has  no  dependence  on  the  glass  because  we  can  omit  that  step  in  the 
chain:  santf,,  = sinflf  M = ir,^  sinft.^. 

IDENTIFY:  When  a wave  pauses  from  o«x  material  into  anollvr.  tb:  number  of  waves  per  second  that  cross  the 
boundary  rs  the  same  on  both  sides  of  the  boundary,  so  the  frequency  does  not  change.  The  wavelength  and  spvccd 
of  the  wave,  however,  do  change. 

SET  UP:  In  a material  having  index  of  refraction  n.  the  wavelength  is  A - — . where  Jo  is  the  wavelength  in 

n 

vacuum,  and  the  speed  is 

ii 

EXECUTE:  (a)  The  frajuency  is  the  same,  so  it  is  still /.  The  wavelength  becomes  Jt  _ so  Aj  • ha  Tbc  sfxcd 

n 


is  v 


» U 


(b|  The  frequency  ts  still / The  wavelength  becomes  X = i.  - — - { .1  U and  the  speed  becomes 

if 


, c nr 


— iv 

■i 


Evaluate:  These  results  give  the  speed  and  wavelength  in  a new  medium  m terms  of  the  original  medium 
without  referring  them  to  tbc  values  in  vacuum  I or  air  I. 
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33.14. 


33.15. 


33.16. 


33.17. 


so  the  angle  from  the  vertical  « an  additional  15°  because  of  th:  tilt  of  the  surface.  Therefore,  the  angle  is  53. 2*. 
EVALUATE:  Compared  to  Example  33.1,  0^  is  shifted  by  154  but  the  shift  in  0k  k only  53.2°- 49.3*  - 3.9; 
IDI.MIFY:  The  critical  angle  for  total  internal  reflection  is  0 that  gives  0k  - 90:  in  Snell’s  law. 

SET  UP:  In  Figure  33. 1 7 the  angle  of  incidence  0 * is  related  to  angle  0 by  0 + 0 - 90° . 

EXECUTE:  (■) Calculate  0'  that  gives  (\  -90".  - 1.60.  it.  - 1.00  so  «,sm 0.  - nksin0k  gives 


iDLMm : Apply  the  law  of  reflection. 

SET  Up:  The  minor  in  its  original  positxm  and  after  bring  rotated  hv  an  angle  0arc  shown  in  Figure  33.14.  a is 
the  angle  through  which  the  reflected  rav  rotates  when  the  mirror  rotates.  The  two  angles  labeled  ^ are  equal  aixl 
the  two  angles  labeled  $farc  equal  because  of  the  law  of  reflection.  The  two  angles  labeled  0arc  equal  because  the 
lines  forming  erne  angle  are  perpendicular  to  the  lines  forming  the  other  angte. 

Execute:  From  the  diagram,  a - 2tf  - 2^  - 2t  $ - ^>and  9 - $ - a - 20.  as  was  to  be  shown. 

EVALUATE:  This  result  r*  impendent  of  the  initial  angle  of  incidence. 


Figure  33.14 

Idem in : Apply  « sin 00.  - nh  sin 0A . 

SET  Up:  The  light  refracts  from  the  liquid  into  the  glass,  so  nm  - 1.70.  0,  - 62.0°.  «k  - 1.58  . 

Execute:  tin 0,  - | Si  - j |«n62.0° - O.950and  0,.  - 71.8°. 

Evaluate:  The  ray  refracts  into  a material  of  smaller  /j.  so  it  is  bent  away  fn>m  the  normal. 

IDEMUY:  Apply  SncITs  law. 

SET  Up:  0 and  i\  arc  measured  relative  to  the  norma!  to  the  airfare  of  the  interface.  0.  - 60.0°- 15.0°  - 45.0*  . 

Execute:  0,  -arcsi  "I  hh  i^lsin45.0°  J -38.2°.  Hut  this  is  the  angle  from  the  normal  to  the  surface. 


IDEMIFY: 
Set  Up: 
Exec  he: 


LOO 


il.6O)xin0,  - (1.00)sin90  \ sin0. arxl  0,«38.7\  0-90-0,-51.3°. 

1.60 


|b)  i»  - 1.60.  nK  -I -333.  <l.6O»sin0  -<L333>sin90".  sin0  - 


333 

.60 


;ind  0 - 56.4ft.  0 - 90*  0 - 33.6 


EVALUATE:  The  critical  angle  increases  when  the  ratio  .2.  increases. 


Figure  33.17 
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33.18.  IDENTIFY:  Since  the  refractive  index  of  the  glass  is  greater  than  that  of  air  or  water,  total  internal  reflection  will 
occur  at  the  cube  surface  if  the  angle  of  incidence  it  greater  than  or  equal  to  th:  critical  angle. 

SE1  UP:  At  the  critical  angle  0%.  Snell’s  law  gives  n ^ sin  0.  - nta  sin  90c’  and  likewise  for  water. 

Execute:  (a)  At  the  critical  angle  0% , ji#|M4  sin  4 - sin  90\  1 .53  sin  0t  - ( I .lXl)t  I » and#  - 40.8°. 

<b)  Using  the  some  procedure  as  in  part  <aL  we  have  1.53  un  & - 1.333  san  90°  and  # - 60.6°. 

EVALUATE:  Since  the  refractive  indr.x  of  water  is  closer  to  the  refractive  index  of  glass  than  the  refractive  index 
of  air  is,  the  critical  angle  for  gbss-to-watcr  is  greater  than  for  gl»s-to-axr. 

33.19.  IDENTIFY:  Use  the  critical  angle  to  find  the  index  of  refraction  of  the  liquid. 

SET  L’P:  Total  internal  reflection  requires  that  the  light  he  incident  on  the  matcrul  with  the  larger  it,  in  this  case 
the  liquid.  Apply  fl4sin^  - n%  sin 0k  with  a • liquid  and  b - air.  so  n#  = ^ and  irfc  - 1.0. 

Execute:  o , = 0UI  when  0,  = 90°,  so  sinf>M  = (1.0>sin90° 

1 1 


sintr  M sin  42.5 

(a)  n * sin 0*  - nt%inOh  (a  - liquid,  b - air) 

■ (I.48)s«35.0° 


;md  Os  - 58.1° 


(hi  Now  rt  si nO  - * sin0.  with  a - air,  b - liquid 


■22J 


ilA  1.48 

Evaluate:  For  light  traveling  liquid  ->  air  the  light  is  bent  away  from  the  normal.  For  light  traveling  air  -> 
liquid  the  light  is  bent  toward  the  normal. 

33.20.  IDENTIFY:  The  largest  angle  of  incidence  foe  which  any  light  refracts  into  the  air  is  the  critical  angle  fee 
water  — > air  . 

SET  UP:  Figure  33.20  shows  a ray  incident  at  the  critical  angle  and  therefcee  at  the  edge  of  the  ring  of  light.  The 
radius  of  this  circle  is  r and  d - 10.0  m is  the  distance  from  the  ring  to  the  surface  of  the  water. 

Execute:  Fnwn  the  figure,  r -^tan^  . Ou  is  calculated  from  sin0  = nt%in0h  with  - 1.333.  0#  - 0%x% 

and  O =48.6'.  r = <10.0  m)tan48.6°  = 1 1.3  m. 


1.00  and  =90'.  sin0M  = 
irr'  - .t(I  1.3  m)‘ - 401  in'. 


(1 .00)«n90° 


EVALUATE:  When  the  incident  angV:  in  the  water  is  larger  thin  the  critical  angle,  no  light  refracts  into  the  air. 

i 

i 

i 

§ 

i 


Figure  3.3  JO 


33.21.  IDENTIFY  and  SET  Up:  For  glass  ->  water.  0 t - 48.7*.  Apply  Snell’s  law  with  0 -0  t4  to  calculate  the  index 
of  refraction  of  the  gloss. 

EXKCIIE:  n^vaO^,  -*sin90%  »»4~ -1.77 

sin0M<  sin  48. 7 

EVALUATE:  For  total  internal  reflection  to  excur  the  light  must  he  incident  in  the  material  of  larger  refractive 
index.  Our  results  give  n^.  > n in  agreement  with  this. 
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33.22. 


33.23. 


33.24. 


33.25. 


33.26. 


IDENTIFY:  If  re»  light  refracts  out  of  the  glass  at  the  glass  to  air  interface  then  the  incident  ancle  at  that  interface 


SET  UP:  The  ray  has  an  angle  of  incidence  of  0"  at  the  first  surface  of  the  glass,  so  enters  the  glass  without  being 
bent,  as  shown  in  Figure  33.22.  The  figure  shows  that  a r 0 m - 90°. 

Execute:  (■)  For  the  glass-air  interfere  Om = 0%<<f  «#  = I.S2.  n6  - 1 .00 and  0k  = 90*.  na »n0^  » #?, sin0A  gives 
<1.00  Van  90c) 


u 


1.52 


and  0 u - 41.1  . a = 90  -0  = 48.9*. 


(b)  Now  the  second  interface  is  glass  — > water  and  n(  - 1.333.  tsintf  -iiksin0rf  gives  sin  0 ti  - — 11  — - 

ind0M=61.3<".<r  = 9O*-04j,  =28.7". 

EVALUATE:  The  critical  angle  increases  when  the  air  is  replaced  by  water  and  rays  are  Kent  as  they  refract  out  of 
the  glass. 


Identify:  Apply  rtm sin 0m  = nk sin  0N . 

SET  Up:  The  light  xs  in  diamond  and  encounters  an  interface  with  air.  so  nm  - 2.42  and  «A  = 1 .00 . Th:  largest 
Om  is  when  0k=9O'. 

Execute:  (2.42)»n0  = (1.00)«n90e.  «n<»  =TL  and  0 - 24.4“. 

EVALUATE:  Diamond  has  an  usually  large  refractive  index,  and  this  results  in  a small  critical  angle. 

Identify:  Snell's  law  is  ii^sin Om  - it,  sin0s . i = — 

n 

SET  UP:  a - air  . b - glass  . 

_ , % , n sin  0 <1.00 1 sin  5 7.0"  _ . . . _ (\M)anS7Jf  , .n 

Execute:  <a>  red:  « - — 1 .36  . violet  jl 1 .40 . 

sm0,  sin38.1w  *in36.7° 

, c 3.00x10*  in's  ___  . ( . . c 3.00x|tf  m'ft  ... 

(b>  red:  v -2.21*10"  nvs;  violet:  v = a 2.14x10"  ms. 

’ n 1.36  n 1.40 

EVAl-IIATE:  n is  larger  for  the  violet  light  are!  therefore  this  light  is  bent  more  toward  the  normal,  and  the  viofct 
light  has  a smaller  speed  in  the  glass  than  the  red  light. 

IDENTIFY:  When  unpoiiri/ed  light  pusses  through  a polari/er  the  intensity  is  reduced  by  a factor  of  land  the 
transmitted  light  is  polarized  along  the  axis  of  the  polarizer.  When  pxilan/ed  light  of  intensity  /,„  is  incident  on  a 
polari/er.  the  transmitted  intensity  is  / - /<ttt  cos’  d . where  d is  the  angle  between  the  polarization  direction  of  the 
incident  light  and  the  axis  of  the  filter. 

SET  UP:  For  the  second  pnlan/cr  d - 60; . For  the  third  polari/er.  d - 90*  - 60*  - 30* . 

Execute:  (a)  At  point  A the  intensity  is  /,  /2  and  the  light  is  polarized  along  th:  vertical  direction.  At  point  H 
the  intensity  is  (/o/2Kcos60°r  - 0.125/,,.  and  the  light  is  pnlan/cd  along  the  axis  of  the  second  polarizer.  At 
point  C the  intensity  is  <0.125/JXcos30°)''  --  0.0938/, . 

(b)  Now  for  the  latf  filter  d - 90*  and  / = 0 . 

EVALUATE:  Adding  the  middle  filter  increases  the  transmitted  intensity. 

Identify  : Apply  Snells  law . 

SET  UP:  The  incidmt.  reflected  and  refracted  rays  arc  shown  in  Figure  33.26. 

EXECUTE:  From  the  figure.  0k  = 37.0°  an:!  it.  - ;i  - 1 .33  — — 1 .77. 

sin  (\  sin  37° 
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33.27. 


33.28. 


33.29. 


EVALUATE:  The  refractive  index  of  h is  greater  than  that  of  a.  and  the  rax*  « brnt  toward  the  normal  when  i: 

retried. 


Id*  Min  and  SET  L’P:  Reflected  beam  completely  linearly  pnlanzed  implies  that  the  angle  of  incidence  equals 
the  polarizing  angle,  so  ft  « 54.5°.  Use  Eq.<33.8)  to  calculate  the  refractive  index  of  the  glass.  Then  use  Snell** 
law  to  calculate  the  angle  of  refraction 

EXECUTE:  (a)  lanft,  - — gives  -n„  tan ft,  - (1. CXI)  tan  54.5°  - 1.40. 

)\ 


(b)  am  sin 0m  -«k  sinftk 
. n sin ft  <1.00) sin  54.5° 
n,  140 

EVAL1  ATE: 


0.5S15  and  0K  = 35.5° 


Note:  180.0 ’-ft, -ft,  and  ftr  ^ft,.Thus 

180.0* -54.5= -35.5°  ^90.0=;  the 
reflected  ray  and  the  refracted  ray  ore 
perpendicular  to  each  other.  This  agrees 
with  Fig.33.28. 


IDENTIFY:  Set  / - /.,/!() . where  / is  the  intensity  of  light  pissed  by  the  second  polarizer. 

SET  L’P:  When  unpalanzcd  light  passes  through  a polarizer  the  intensity  is  reduced  by  a factor  of  Land  the 
transmitted  light  is  polanzcd  along  the  axis  of  the  polanzcr.  When  palanzed  light  of  intensity  /t-  is  incident  on  a 
polarizer,  the  transmitted  intensity  is  / - /,Mt  cos’  d . where  d is  the  angle  between  the  polarization  direction  of  the 
incident  light  and  the  axis  of  the  filter. 

Execute:  (a)  After  tb:  first  filter  / - and  the  light  is  polarized  along  the  vertical  direction.  After  th:  second 


tiller  we  want  so  — - ^ (cos^f  . cosd  - Jl/10  and  d - 63.4*  . 


(h)  Now  the  first  filter  pastes  the  lull  intensity  /,  of  the  incident  light,  for  the  second  filter  — L - /,(cosd)* 
cosd  - vTTo  and  d-71.6°. 

Evaluate:  When  th:  incident  light  is  polarized  along  the  axis  of  the  first  tiller,  d must  be  larger  to  achieve  the 
same  overall  reduction  in  intensity  than  when  the  incidrnt  light  is  unpolan/cd. 

IDENTIFY:  From  Malus's  law.  the  intensity  of  the  enxrging  light  is  proportional  to  the  square  of  the  cosine  of  the 
ingle  between  the  polarizing  axes  of  the  two  filters. 

SET  UP:  If  the  angle  between  the  two  axes  is  ft  the  intensity  of  the  emerging  light  is  / - cos:ft 
Execute:  At  angle  ft  / - cofft  and  at  the  new  angle  a,  1/  - co*:a.  Taking  the  raiio  of  the  intensities 


f C°x3fl  ...  . cosft 

gives = — . which  gives  us  cosr/ ■—  Sol  vine  lor  a yields  a - arccov 

cos’ ft  / v2 

EvaLI  ate:  Cure  full  This  result  is  not  cos' ft 


cos  ft 

TT.r 
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33.34).  IDLN'IIFY:  The  reflected  light  is  completely  polarized  when  the  angle  of  inridencc  equal*  tlic  polarizing  angle 
ft . where  tan  ft  - — . 


SIT  LP: 


n = 1.66. 


66 


EXEC  l TE:  (a)  «,  = 1.00.  tan*?,.  - — and  0f  - 58.9" . 

<h>  * = 1.333  . tan 0,  -—Iland  ft,  =5 1.2°. 

Evaluate:  The  polarizing  angle  depends  on  the  rcfraclive  indxics  of  both  matenals  at  the  interfere. 

33.31.  IDEMIFY:  When  unpolari/ed  light  of  intensity  /t.  is  inexlent  on  a polarizing  filter,  the  transmitted  light  has 
intensity  i/,  and  is  pnlon/ed  along  the  filter  axis.  W hen  polarized  light  of  intensity  /,  i*  inexlent  on  a polarizing 
filter  the  transmitted  light  has  intensity  /,  cos*  ^ . 

SET  CP:  For  the  secoixl  filter.  ^ - 62.0°  - 25.0°  = 37.0" . 

Execute:  After  the  foil  filter  Ihe  intensity  is  4/.  - 10.0  W/m*  aiui  Ihc  light  is  poUri/cd  along  the  axi*  ol'the 
lint  filter.  The  intensity  after  the  sccood  filter  i>  / - . where  /t  - 10.0  W/m'  and  p - 57.0" . This 

gives  / - 6.38  W/m*. 

EVALUATE:  The  transmitted  intensity  depends  cm  the  angle  between  the  axes  of  the  two  filters. 

33.32.  IDEVTIFY : After  passing  through  the  first  filter  the  light  is  linearly  polan/ed  along  the  filter  axis.  After  the 
second  filter.  / - /.^(cosrff  . where  ^ is  the  angle  between  the  axes  of  the  two  filters. 

SET  L’P:  The  maximum  amount  of  light  is  transmitted  when  ^ - 0 . 

Execute:  (a)  / = //cot  22.5s)1  -0.854/, 

<b>  / -/,(eos45.0°)J  -0 .500/, 

(c>  / = /4(cos 67.5°)*  = 0 146/, 

EVALUATE:  As  ^ increases  toward  90°  the  axes  of  th:  two  filters  are  closer  to  being  perpendicular  to  each  other 
and  the  transmitted  intensity  drercasct. 

33.33.  IDENTIFY  and  SET  t’P:  Apply  Eq.(33.7)  to  polarizers  H2  and  HI.  The  light  irxident  on  the  first  polarizer  is 
unpolari/cd.  so  the  transmitted  light  has  half  the  intensity  of  the  incident  light,  and  the  transmitted  light  is 
polarized. 

<a)  E\EC ITE:  Th:  axes  of  the  three  filters  are  shown  in  Figure  33.33a. 


r «|V 

■ - - 


Figure  3333a 

After  the  first  filter  the  intensity  is  /,  - T/,  and  Ihc  light  is  linearly  polarized  along  the  axis  of  the  fust  polarizer. 
After  the  second  filter  the  intensity  is  J%  - (cos^-  (i/^HcosdS.O5)*  - 0.250/,  and  the  light  is  linearly  polarized 
along  the  axis  of  the  second  polarizer.  After  the  third  filter  the  intensity  is  /4  - /,c©*V  - 0.250/, (cosdS.O0)1  » 
0.125/(|  and  tlie  light  is  linearly  polarized  along  the  axis  of  the  tlurd  polarizer. 

(b)  The  axes  of  the  remaining  two  litters  are  shown  in  Figure  33.33b. 

41 


‘ 


■ ~ -i-  r i 


After  the  first  filter  the  intensity  is  /,  - i/„  and  the 
light  is  linearly  polarized  along  the  axis  of  the  first 
polarizer. 


Figure  33.33b 

After  the  next  filter  the  intensity  is  /,  - /,  cos3  « - (^/0Kco»90.0°)J  c 0.  No  light  is  passed. 

Evaluate:  Light  IS  transmitted  tfcrcugh  all  three  fibers,  but  no  light  is  transmitted  if  the  nxddi:  polarizer  is  removed. 
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33.34.  IDENTITY:  Use  the  transmitted  intensity  when  all  three  polairzcrs  are  present  to  solve  for  the  incident  intensity 
/., . Then  repeat  the  cakulation  with  only  the  first  and  third  polarizers. 

SKI  L’P:  For  un polarized  light  incident  on  a filler.  / - ^/c>  and  the  light  is  linearly  palanzcd  akmg  the  filtcT  axis. 
For  polarized  light  incident  on  a filter,  / - /..^(cosp)* . where  /,-t  is  tbc  intensity  of  the  incident  light,  and  the 
emerging  light  is  linearly  polarized  along  the  filter  axis. 

Execute:  With  all  three  polarizers.  if  the  incident  intensity  is  /„  the  transmitted  intensity  is 

/ - (7/,  Kcos 23.0°  )'(cdi(62.0*  - 23.0°] |J  - 0.256/,.  /.  - -4^  j - 293  WVan'.  With  only  ihc  lira 

jikI  third  polari/in.  1 - (^/.Kccb62.0,)j  -0.1 10/„  - (0.1 10K29!  W.'cm1)  = 32.2  WVcm* . 

Evaluate:  The  transnutted  intensity  is  greater  when  all  three  filters  arc  present. 

33.35.  IDENTIFY:  The  shorter  the  wavelength  of  light,  the  more  it  is  scattered.  The  intensity  is  inversely  proportional  to 
the  fourth  power  of  the  wavelength. 

SET  L’P:  The  intensity  of  the  scattered  light  is  proportional  to  1 we  can  write  it  as  / - (constant  l x4. 
Execute:  (a)  Sirxc  / is  proportional  to  1/x  . we  have  / - (constant I’  A . Taking  the  ratio  of  the  intensity  of  the 

red  light  to  that  of  the  green  light  give*  — — — -1—1  - I ! - 0.374.  so  /*  - 0.374/ 

* * 6 - / (constant  )l  { . x*  J { 665 on ) 

<h>  Following  the  same  procedure  as  in  part  (a)  gives  — - ' — _ - 2.35.  so  /v  - 2.35/ 

/ \420im  J 

Evaluate:  In  the  scattered  light,  the  intensity  of  the  short*  wavelength  violet  light  is  about  7 times  as  great  as 
that  of  the  red  light,  so  this  scattered  light  will  have  a blue-violet  cole*. 

33.36.  IDENTITY:  As  the  wave  frwrt  reuebrs  the  sharp  object,  every  point  on  tbc  front  will  act  as  a source  of  secondary 
wavekts. 

SET  L’P:  Consider  a wave  front  that  is  just  about  to  go  past  the  corner.  Follow*  it  along  and  draw  the  successive 
wave  fronts. 

Execute:  The  path  of  the  wavefront  is  drawn  in  Figure  33.36. 

EV  ALU  ATE:  The  wave  fronts  clearly  bend  around  the  sharp  point,  just  as  water  waves  tend  around  a rock  and 
light  waves  bend  around  the  edge  of  a slit. 


Figure  33  J6 

33.37.  IDENTITY : Reflection  reverses  the  sign  of  the  component  of  light  velocity  perpendicular  to  the  reflecting  surface 

but  leaves  the  other  components  unchanged. 

SET  L*P:  Consider  three  mirrors.  3/ 1 in  tbc  (xv)-planc.  .1/;  in  tb:  (r.rbplane.  and  A/j  in  the  (rr> plane. 

EXECUTE:  a light  rav  reflecting  from  3/|  changes  the  sign  of  the  r-compooent  of  the  velocity,  reflecting  from  A/j 
changes  the  x-componcnt.  and  from  .1/j  changes  the  component.  Thus  tb:  velocity,  and  hence  also  the  pith,  of  the 
light  beam  flips  by  I8CT 

Evaluate:  Example  33.3  discusses  sonx  uses  of  corner  reflectors. 

33.38.  IDENTITY:  The  light  travels  slower  in  the  jelly  than  in  tbc  air  and  hence  will  take  longer  to  travel  the  length  of  the 
tube  w hen  it  is  filled  with  jelly  than  when  it  ccoitains  just  air. 

SET  L'P:  The  definition  of  the  index  of  refraction  is  n - c»V.  where  v is  the  speed  of  light  in  the  jelly. 

Execute:  First  get  the  length  /.  of  the  tube  using  air.  In  the  air.  we  have  L - ci  - (3.00  x 10*  m*M8.?2  ns)  - 2.616  m. 

The  speed  in  the  icily  is  v - — - (2.616  ml  (8.72  ns  ♦ 2.04  ns)  - 2.431  x 10*  m x ;i  - 1 - 

i v 

(3.X  x 10*  m s)  (2.43 1 x 10*  m t%)  - 1.23 

EVALUATE:  A high-speed  timer  would  be  needed  to  measure  tinxs  as  short  as  a few  nanoseccvids. 
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33.39.  lot.M  m and  Si:r  UP:  Apply  Snells  law  at  each  interface. 

Execute:  (a)  /j_s - n3%\nO.  and  n2 sin0:.  -n,iinOt , so  nlsinOl  - ntsinO.  and  sin#.  -(/i,sin0,)//?4 . 

<b>  ni sin 0.  - n2 sin#.  and  n3 sin#  - nx  sin0, . so  a, sin#  - i?4  sin Ot  and  the  light  mikes  the  same  angle  with  respect 
to  the  normal  in  the  material  that  has  refractive  index  nx  as  it  did  in  part  (a). 


33.40. 


<c)  Fee  refloctioiL  0,  - Om  . These  angles  arc  still  espial  if  0 . bccoircs  the  inci&nt  angle:  reflected  ray*  are  also  rrvcrsibte. 
EVALUATE:  Both  the  refracted  and  reflected  rays  are  reversible.  in  the  sense  that  if  the  direction  of  the  light  is 
reversed  th:n  each  of  these  rays  follow  th:  path  of  the  incident  ray. 

IDI.VIIPV:  Use  the  change  in  transit  tinx  to  find  the  speed  v of  light  in  the  slab,  and  then  apply  rt  - — and  A - — 


SET  Up:  It  takes  the  light  an  additional  4.2  ns  to  travel  0.840  m after  the  glass  slab  is  inserted  into  the  beam. 
_ 0.840  m 0.840m  , 0.840  m . _ _ r _ . , _ . 

Execute:  * (n  - 1) 4.2  ns.  We  can  now  solve  for  th:  index  of  refraction: 


cfn  c c 

I ‘.2  - 10 ’t) (3.1X1  ■ 10*  m/*>  t , _ , 5))  T||e 
0.840  m 


wavelength  inside  of  the  glass  is  /.  - — — 196  nm 


EVALUATE:  Light  travels  slower  in  the  slab  than  in  air  and  the  wavelength  is  shorter. 

33.41.  IDENTIFY:  The  angle  of  incidence  at  A is  to  be  the  critical  angle.  Apply  Snell's  law  at  the  air  to  glass  refraction  at 
the  lop  of  the  Mock. 

SET  L’P:  The  ray  is  sketched  in  Figure  33.4 1 . 

Execute:  For  glass  - > airat  paint  A.  Snell’s  law  gives  |l  .38>sin#  . - (1.00|sin90;and  #<(  - 46.4°. 

= 90:  - 0 t - 43.6° . Snell’s  law  applied  to  the  refraction  from  air  to  glass  at  the  top  of  the  block  gives 
(I  .00)  sin#,  » (l.38)rin(43.6&)and  0A  = 72.1*. 

EVALUATE:  If  #,  is  larger  than  72. 1 ’ then  the  angle  of  incidence  at  point  .-I  is  less  than  th:  initial  critical  angle  and 

total  internal  reflection  doesn’t  occur. 


33.42.  IDENTIFY:  As  the  light  crows  the  glass*air  interface  along.  AB.  it  is  refracted  and  obeys  Snell's  law. 

SET  UP:  Snell's  law  is  a.  sin  Om  - n%  sin  (K  and  n - 1 .000  for  air.  At  point  B the  angle  of  the  prism  is  30.0°  . 
EXECUTE:  Apply  Snell's  law  at  AB.  The  prism  angle  at  A is  60.0*.  so  for  the  upper  ray.  the  angle  of  incidence  at 
AB  is  60.0°  • 12.0°  - 710°.  Using  this  value  gives  H\  sm  60.0*  - sin  ?2.0:  and  /it  - 1.10.  For  the  lower  ray.  the 
angle  of  incidence  at  AB  is  60.0:  ♦ 12.0°  8.50*  - 80.5*.  giving  n:  sin  60.0°  - sin  80.5°  and  A:  - 1.14. 
EVALUATE:  The  lower  rav  is  deflected  more  than  the  upper  ray  because  thit  wavelength  his  a slightly  greater 
index  of  refraction  than  the  upper  ray. 
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33.43. 


33.44. 


33.45. 


33.46. 


IDEVIIFY:  Circularly  polarized  light  consists  of  the  .superposition  of  light  polarized  in  two  pcipcndioular 
directions,  with  a quarter-cycle  ( 90"  > phase  datVcrenee  between  the  two  pKilan/ation  components 
SET  L'P:  A quarter-wave  plate  shifts  the  relative  phase  of  the  two  perpendicular  polan/ation  components  by  90* . 
Execute:  In  the  cireulaHy  polarised  light  the  two  perpendicular  polarization  components  are  90°  out  of  phase. 
The  quarter-wave  plate  shifts  the  relative  phase  by  t90*  and  then  the  two  components  arc  cither  in  phase  or 
180°  out  of  phase.  Either  corresponds  to  linearly  polarized  light. 

Evaluate:  Either  left  circularly  polarized  light  or  right  circularly  polarized  light  is  converted  to  linrarly 
polarized  light  bv  the  quarter- wave  plate. 


IbEMltY:  Apply  A The  number  of  wavelengths  in  a distance  d of  a nviterial  is  — when:  A is  the 

n A 

wavelength  in  the  material. 

SET  UP:  The  distance  in  glass  is  dfUM  = 0.00250  m . The  distance  in  air  is 
d ^ 0.01 80  m - 0.00250  m -0.01 55  m 

EXECUTE:  number  of  wavelengths  - number  in  air  ♦ number  in  glass. 

d 0.0155  m 0.00250  m 

~7.  5.40-10  m 540-10  i 


number  of  wavelengths  — — 


(1.401-3.52x10* . 


EVALUATE:  Without  the  glass  plate  the  number  of  wavelengths  between  th:  source  and  screen  is 

3.33  x 10*  . The  wavelength  is  shixter  in  the  glass  so  there  are  more  wavelengths  in  a distance  in 

5.40x10  m * * 

glass  than  there  arc  in  the  same  distance  in  air. 

iDEVIltY : Find  the  critical  angle  for  glass  ->  air.  Light  incident  at  this  critical  angle  is  reflected  back  to  the 
edge  of  the  halo. 

SET  Up:  The  ray  incident  at  th:  critical  angle  is  sketched  in  Figure  33.45. 


\ U mu 


Figure  33.45 


EXECUTE:  From  the  distances  given  in  the  sketch,  tan 


2.6?  mm 
3.10  mm 


-0.8613:  0 -40.7°. 


.ii 


Apply  Snell's  law  to  th:  total  internal  rctlcctiixi  to  find  the  refractive  index  of  the  glass:  nt  sin0#  - /jAsm0 
= 1.00sin9CP 


53 


sin  0M  «n40.7° 

Evaluate:  Light  inrident  on  the  hack  surface  is  also  totally  reflected  if  it  is  incxlcnt  at  angles  greater  than  . 
If  it  is  inci&nt  at  krss  tlian  0^  it  refracts  into  the  air  and  does  not  refVct  tuck  to  the  emulsion. 

IDEMUY:  Apply  SncITs  law  to  the  refraction  of  the  light  as  it  passes  from  water  into  air. 

.5  tn 


SETUP:  0 arc  tail 


EXEC  l IE:  0 arcsin 


1.2  r 

", 


Sr.  w = 1.00.  nk  - 1.333  . 

in 0 I - aresin!  ^ sin  51°  | - 36°.  Therefore,  the  distance  along  the  bottom  of  the 


pool  from  directly  below  where  th:  light  enters  to  where  it  hits  the  bottom  is  x - (4.(1  m)tan0v  - (4.0  mltan36°  - 
2.9 m.  xyU  - l.Smr  x-1.5  m-f2.9  m - 4.4  m 

EVALUATE:  The  light  ray  from  the  tlashlight  is  bent  toward  the  normal  when  it  refracts  into  the  water. 
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33.47.  IDEM1FV:  Use  Snell’s  law  to  determine  the  effect  of  the  liquxl  on  the  direction  of  travel  of  the  light  at  it  enter* 
the  liqunl. 

SET  UP:  Use  geometry  to  find  the  angles  of  incidence  and  refraction.  Before  the  liquid  it  poured  in  the  ray  alcmg 
your  line  of  sight  hat  the  path  shown  in  Figure  33.47a. 


tan#  - Sl)cn>  -0300 
* 16.0  cm 

04 » 26-57° 


Figure  33.47a 

After  the  liquid  it  poured  in.  04  is  the  tame  and  the  refracted  ray  pisses  through  th:  center  of  the  bottom  of  the 
glass,  as  shown  in  Figure  33.47b. 


lanfl,  _i^L_  0.250 
16.0  cm 
0%  =14.04° 


Figure  33.47b 

Execute:  Use  Stx-H's  law  to  find  n% , the  refractive  index  of  the  liquid: 
n0unOm  -iifcsin#v 

/?  sm#  (l.OOMsin  26.57°)  J 
«n0,  uni  4.04' 

Evaluate:  When  th:  light  goct  from  air  to  liquid  (larger  refractive  index)  it  it  bent  toward  the  normal. 
33.48.  IDENTIFY:  Apply  Snell’s  law  to  each  refraction  and  apply  the  law  of  reflection  at  the  mirrored  bottom. 
SET  UP:  The  path  of  the  ray  is  sketched  in  Figure  33.48.  The  problem  nskt  us  to  calculate  O' . 

Execute:  Apply  Sncirs  law  to  the  air  ->  liquid  refraction.  (I  .fl0)sin<42.So)  -(1.63)sin0Annd  Os  - 24.5°. 
0t  - dund  £ - 0"  . so  0m  - 0{  - 24.5°.  Snells  law  applied  to  the  liquid  -»  air  refraction  gives 
(1 .63)sin<24.5<>)  - (l.OO)sin^'and  0/  =42.5°. 
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33.49. 


33.50. 


Evaluate:  The  light  cnxrgcs  from  tlx  liquid  at  the  xanx  angle  fnxu  the  nocinal  » it  entered  the  liquid 


iDEMin  : Apply  Snell's  law  to  the  water  ->  ice  and  ice  -*  air  interfaces. 
< a)  SET  Uf:  Consider  the  ray  shown  in  Figure  33.49. 


Wc  want  to  find  the  incident  angle  ff  at 
the  water* ice  interface  that  causes  the 
incident  angle  at  the  icc*air  interface  to  he 
the  critical  ancle. 


' n 0%tt  - 1 .0  so  lin^i  * 

;t 


Hut  from  the  diagram  we  sec  that  0k  - tfUl,  so  sinff,.  . 


watcr*ice  interface:  n sinff  -j i xinfft 


But  sin 0 so  a sniff  - 1.0.  sinff  0.7502  and  ff4  - 48.6*. 

"... 

(H>  Evaluate:  The  angle  calculated  in  part  (a)  is  the  critical  angle  for  a water-air  interface:  the  answer  would  he 
the  same  if  the  ice  layer  wasn’t  there! 

Idem  1^ : The  incident  angle  at  the  prism  -♦  water  inter  fare  is  to  he  the  critical  angle. 

SET  UP:  The  path  of  the  ray  is  sketched  in  Figure  33.50.  The  ray  enters  the  prism  at  normal  incxiencc  so  is  not 
bent.  For  water.  - 1.333. 

EXECUTE:  From  the  figure.  0 ti  - 45°  . nt  sinff,  - n%  sin 0k  gives  sin  45^  = (1 .333)xin90i . 

1.333 
”v~ 


1.89. 


sin  45 


.15-14  < h jpttr  53 


33.51. 


33.52. 


33.53. 


EVALUATE:  For  lolal  internal  reflection  the  ray  must  be  incident  in  the  material  of  grater  refractive  index. 
/?#u*  > so  tliat  is  the  case  here. 


IDI.VIIEY : Apply  Snell’s  law  to  the  refraction  of  each  ray  as  it  emerge*  from  the  glass.  The  angle  of  incidence 
equals  the  angle  .'1-25.0’. 

Si:r  UP:  The  path*  of  the  two  ray*  arc  sketched  in  Figure  33.51. 


Execute:  ns  sin0t  - nA sin ot 
/7tll  sin  250°  -Loosing 
sin^  -nr-4sin25.0c 
sinf?,.  ^ 1 .66*an  25.0°  ^ 0.701 5 
0k  -44.55° 

//-  9O.Or-0k  ^45.45° 

Then  S - 90.0°  - A - p - 90.0°  - 25.0°  - 45.45°  ^ 1 9.55°.  The  angle  between  the  two  rays  is  2.5  ^ 39. 1 °. 

EVALUATE:  The  light  is  incident  normally  on  the  front  face  of  the  prism  so  the  light  is  not  bent  as  it  enters  the  prism. 
IDLMIEY:  The  ray  shown  in  the  figure  that  accompanies  th:  problem  is  to  be  incident  at  the  critical  angle. 

SET  Up:  -90°.  The  incidmt  angle  for  the  ray  in  the  figure  is  60°  . 


Execute: 


sin#  gives  n.  - 


1 .,40 

*in  90’ 


EVALUATE:  Total  internal  reflection  occurs  only  when  the  light  is  iixident  in  the  rmterial  of  the  greater 
refractive  index. 

iDf.VNEY : No  light  enters  the  gas  because  total  internal  reliction  must  have  occurred  at  the  water-gas  interface. 
SET  Up:  At  the  minimum  value  of S,  the  light  strikes  the  water-gas  interface  at  the  cntical  angle.  NVe  apply 
Snell’s  law.  nA  nnfL  — ir^  sinfl.  at  that  surface. 

EXECUTE:  (a)  In  the  water.  0 - — -<1.09  m»  \ 1 .10  m)  - 0.991  rad  - 56.77°.  This  is  the  cntical  angle.  So.  using 

/? 

the  refractive  index  for  water  from  Table  33. 1.  we  get  n - (1.333)  sin  56.77°  - 1.12 
<!>)<il  The  laser  beam  stays  in  the  water  all  the  time,  so 


r"i 


- 12.20  m|<  I.333VX3.00  < 10  in  s)  - 9.7S  ns 


r - 2RSv  - 22K 
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33.54. 


33.55. 


33.56. 


( ii ) II:;  beam  ix  in  the  water  halt' the  time  and  in  the  gax  the  olher  half  of  the  time 

tm-  -(UOmKl.l2)'UOO-  10*  nvs)- 4.09  m, 
c 

The  local  time  is  4.09  its  ♦ (9.78  ns)'2  - 8.98  nx 

Evaluate:  The  gas  must  he  un&r  considerable  pressure  to  have  a refractive  index  ax  high  as  1.12. 

IDENTIFY:  No  liglu  enter*  the  water  because  total  internal  refaction  must  have  occurred  at  the  glass-water  surface. 
SET  UP:  A little  gconxlry  tellx  us  that  0is  the  angle  of  incidence  at  the  glass-  water  face  in  the  water.  Also.  0- 
59.2°  must  be  th:  critical  angle  at  that  surface,  so  the  angle  of  refraction  is  90.0°.  Snell's  law.  nm  xin  0 - /ik  sin 

applies  at  that  glass-water  .surface,  and  the  index  of  refraction  is  defined  as  « - — . 

r 

Extern::  Sill's  bw  at  the  glass-water  surface  gives  n an  59.2°  - ( 1 .333# 1 .00),  which  gives  n - 1.55.  v - 1 - 
(3.00  x 10*  m’x>1.55  - 1.93  x I (f  in's. 

Evaluate:  Notice  that  0is  not  the  angle  of  inci&ncc  at  the  rctlcctor.  hut  it  ix  the  angle  of  incidence  at  the  glaxs 
water  xurfacc. 

(a)  IDENTIFY:  Apply  Snell's  law  to  the  refraction  of  the  light  ax  it  enters  the  atmosphere 
SFT  UP:  The  path  of  a ray  from  the  sun  is  skcichcd  in  Figure  33.55. 


i f-0  - 


[•Tom  the  diagram  smrt  - 


X«kll  r»> 


Rth 


arcstn 


it  i 


Figure  3335 

EXECUTE:  Apply  Snell's  bw  to  the  refraction  that  occur*  at  the  top  of  the  atmosphere  /i.sin#,  - n%  sin 
ij  - vacuum  of  space,  refractive,  index  1.0;  b — atmosphere,  refra^ive  index  n) 


mi 0 - fixing  -n 


ire  mu 


Rrh 

nR 


nR 

- arexin  

R t h 


Ihl 


Rt 

&.3Sx|0k  m 


R t A 6.38*10*  m 1 20x10* 


Rtk 

-0. 


;R 


Rtk 


^ 1 .0003(0.99688!  - 0.997 1 8 


< * 

hllll  


Rtk 
11 R 
R - A 


- 85.47* 
S5.70° 


_ 0 ’ - 0%  - 85.70°  - 85.47°  ^ 0.23° 

EVALUATE:  The  calculated  *5  ix  about  the  same  ax  the  angular  radius  of  the  sun. 

IDENTIFY  and  SFT  UK  Follow  the  xteps  specified  in  the  problem. 

Execute:  (a)  Th:  distance  traveled  by  th:  light  ray  ix  the  sum  of  the  two  diagonal  segments 

1 .<(/  - *)*  . >; )'  Then  the  lime  taken  to  travel  that  di.ilancc  i si---  <■  • ' ' 1 

c c 

(b)  Taking  the  derivative  with  respect  to  a*  of  the  time  and  setting  it  to  zero  yx*lds 
± - id  + v;|  - + (</  -*>'  ♦ y:  f \±  - l[«x-  +/f)  *•'*—</— *)(«  - xf*  ) V!  ] = 0 . Tlut  giv^s 


(/-»( 


P77 


, sinrt  - xin O.  and  O - 


EVALU  ATE:  For  any  other  path  between  points  1 and  2.  that  includes  a point  on  the  reflective  surf&rc.  the 
distance  traveled  and  therefore  the  travel  time  is  greater  than  fee  this  path. 
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33.57. 


33.58. 


33.59. 


iDIMlfrY  and  SET  L'P:  Find  the  distance  that  the  ray  travels  in  each  medium.  The  travel  time  in  each  medium  is 
the  distance  divided  by  the  speed  in  that  medium 

(a)  E\EC ITT:  The  light  travels  a distance  * x1  in  traveling  from  point  A to  the  interface.  Along  this  path 

the  speed  of  the  light  is  v(,  so  th:  time  it  takes  to  trav  el  this  distance  is  t - ^ The  light  travels  a 

distaixe  yjhi  t-  (/  in  traveling  from  the  interface  to  point  I).  Along  this  path  the  speed  of  the  light  is  v». 

Jh; +(/-*>* 

so  tlie  time  it  takes  to  travel  this  distance  is  - - The  total  time  to  go  from  A to  I)  is 

Vj 


j 


x I-x 

i r^hl+U-x)1 

Multiplying  both  sides  by  c gives  — ; 

+(I-xy 


— -n  and (Hu.33. 1 1 


f rom  Fig.33.55  in  the  textbook,  anti  - 


x t . I-x 

r and  srnA  - — ■ 
ir  JA**</-.r): 


speed  when  light  goes  from  one  material  to  another. 


So  n,sin0  - msin^s*  which  is  Snell's  law. 

Evaluate:  Snell  \s  law  is  a result  of  a change 
IDEN’IIPY : Apply  SncITs  law  to  each  refraction. 

SET  UP:  Refer  to  the  angles  and  distance*  defined  in  the  figure  that  accompanies  the  pcvtolem. 

EXECUTE:  (a)  For  light  in  air  incident  on  a parallel  faced  plate.  Snell's  Law  yields: 

/7sin0.  - /j\%in0j  - n %\nti^  - rising  o sin 0m  - sinfl[  0m  -(£. 

(b>  Adding  more  plate*  Just  adds  extra  steps  in  the  middle  of  the  above  equation  that  always  cancel  out.  The 
requirement  of  parallel  faces  ensures  that  the  angle  (f„  - 0m  and  the  chain  of  equation*  can  continue. 

(c)  The  lateral  displaccnxnt  of  the  beam  can  be  calculated  using  gcomctiy: 
d*L*\nO  -iTIindL*  ' - 


L-osfT 


«»  o;  - 


an 


nun 


cosff 

Jss^£)m3  Oi 


md 


i2.40cm)sin<66.(P-3<>.5:l 
cos  30.5° 


- L62  cm. 


EVALUATE:  The  lateral  displaccnxnt  in  part  (d)  i*  large,  of  tbc  *ame  order  as  the  thickness  of  the  plate 
iDEMltY : Apply  Snell's  law  to  each  refraction  and  apply  the  law  of  reflection  to  each  refaction. 

SET  UP:  The  paths  of  rays  A and  B are  sketched  in  Figure  33.59.  l.ct  0 be  the  angle  of  incidence  for  the 
combined  rav. 

EXECUTE:  For  ray  A its  final  direction  of  travel  is  at  an  angle  0 with  rcspxt  to  the  normal,  by  the  law  of 
reflection.  Let  th:  final  direction  of  travel  for  ray  B be  at  angle  ^ with  respect  to  tbc  nornul.  At  the  upper  surface. 
Snell's  law  gives  Ji,sin#  -/i:  smr/  . The  lower  surface  reflects  ray  B at  angle  a . Ray  B returns  to  the  upper 
surface  of  tbc  film  at  an  angle  of  incidmcc  a . Snell's  law  applied  to  th:  refraction  as  ray  B leaves  the  film  gives 
n:  sin  a - /?,  sind  Combining  tbc  two  equation*  gives  it,  sin#  - n un^  and  0 - d ; the  two  rays  are  paralk:!  after 
they  emerge  from  the  film. 
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Evaluate:  Ray  8 is  bent  toward  th:  normal  as  it  enter*  the  film  and  away  from  the  ixtrtnal  as  it  refracts  out  of 
the  film. 

A 8 


*3.60. 


33.61. 


IDIMIFY:  Apply  SnclTs  law  and  the  results  of  Problem  33.5S. 

SET  UP:  Front  Figure  33.58  in  the  textbook,  r,  - 1 6 1 for  red  light  and  it,  - 1 .66  for  violet.  In  the  notation  of 
Problem  33.58.  t is  the  thickness  of  the  glass  plate  and  the  lateral  displacement  is  d.  We  want  th:  difference  in  d for 
the  two  colors  of  light  to  be  1.0  mm.  0 - 70. 


For  red  light,  n sin#  -i?  sin#'  gives  sin  ft  - 1* 


61 


ind  O'  -35.71*.  For  violet  light,  sin0' 


ll.OO)sin  700° 

L66 


ft  - 34.48° . 


Execute:  (a) n decreases  with  increasing/?  . son  is  smaller  for  red  thin  for  blue.  So  beam  a is  the  red  one. 
(b)  Problem  33.58  savs  d - i^— — For  red  light,  d.  - /— -J—  0.693Rr  and  for  violet  light. 


i -f 


*in(70;-35.4S:> 


cox  ft. 

704 Sr . d.-d.- 1.0  mm  gives  r 


oo*35.7l 

0.10  cm 


9.1  cm 


cos 3548*  • 0.7018  - 0.6958 

EVALUATE:  Our  caVrulation  shown  that  the  violet  light  has  greater  lateral  displacement  and  this  is  ray  h. 

iDLVIltY : Apply  SnclTs  law  to  the  two  refractions  of  the  ray. 

Set  Up:  Refer  to  the  figure  that  arcompanics  the  problem. 

...  . „ . A >%  A . (A  \ . A + 2a 

EXECUTE:  U)  n „ sin  ft  - n>  sinft  gives  sin  ft  - n%  sin—  But  ft  - — t-  a . so  sm|  — * a I - si 

At  each  face  of  the  prism  the  deviation  is  a . so  2a  - d and  sin — - usin— . 


(b)  From  part  (a).  6 - 2arvsin|  it  sin—  - A . S - 2arcsin  fl.52)sin — — 


- 60.05  - 38.9°. 


(c>  If  two  colors  have  dilTcrent  indices  of  refraction  for  the  glass,  then  the  deflection  angles  for  them  will  differ: 
.5=2 


(|.61)sdn— 1 - 60.0°  - 47.2 


60. cr 

^ 2 arc  an  | (1.66>sin— — 1-60  .0°c52.2° 


Arf  - 52.2'  - 47.2:  - 5.0: 


EVALUATE:  The  violet  light  lias  a greater  refractive  index  and  therefore  the  angle  of  deviation  is  greater  for  the 
violet  light. 

33.62.  iDl.vim : The  reflected  light  is  totally  polarized  when  light  strikes  a surface  at  Brewster's  angle. 

SET  UP:  At  the  plastic  wall.  Brewster's  angle  obeys  tlie  equation  tan  ft  - nbfn^  and  Snell's  law*. 
nA  sinft  - nt.  sin#,  applies  at  the  air* water  surface. 

Execute:  To  be  totally  polarized,  the  reflected  sunlight  must  have  struck  the  wall  at  Brewster's  angle,  tan  ft  - 
njn*  - (1.61>'(lO0)and  ft-  58.15° 

Tlus  is  the  angle  of  incklctxe  at  the  wall.  A little  gconxtry  tells  us  that  the  angle  of  incidence  at  the  water  surface 
is  90.00°  58.15*-  31 .85°.  Applying  Snell's  law  at  the  water  surface  gives 

(1.00)  sin31 .85°  - 1.333  sin  0and  0-  23.3° 

EVALUATE:  We  have  two  different  principles  involved  h^e:  Reflection  at  Brewster's  angle  at  the  wall  and 
Snell's  law  at  the  water  surface. 
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33.64. 


33.65. 


iDf.NlltY  and  SET  UP:  The  polarizer  passes  4 of  the  intensity  of  the  unpolari/ed  component,  independent  of  p. 
Out  of  the  intensity  /,  of  the  polarized  corrfioocnt  the  polarizer  paws  intensity  /,cos‘(<*-0).  where  p-0  is  th: 


angle  between  the  plane  of  polarization  and  the  axis  of  the  polan/er. 

(a)  Use  the  angle  when:  the  transmitted  intensity  is  maximum  or  minimum  to  find  0.  Sec 
Figure  33.63. 


I 


Figure  33.63 


EXECUTE:  The  total  transmitted  intensity  is  / - t/,  + This  is  maximum  when  0 - $ and  from  the 

tabic  of  data  tlus  occurs  for  p between  30:  and  40°,  ay  at  35c  and  0 - 35°.  Alternatively,  the  total  transmitted 
intensity  is  minimum  when  p-0  - 90°  and  from  the  data  this  occurs  for  d - 125°.  Thus. 

0 - p - 90*  - 1 25c  - 90&  - 35*.  in  agreement  with  th:  above. 

<b>  iDLVIlfrY  and  SET  Up:  / - 2/t  -t  /,  cos‘(fP  - O) 

Use  data  at  two  values  of  p to  determine  the  two  constants  /.,  and  lf . Use  data  where  the  l9  term  is  large 
(p  - 30°)  and  w here  it  Is  small  (p  - 130°)  to  have  th:  greatest  sensitivity  to  both  /,  and  /, : 


Execute:  p - 30°  gives  24.K  W/mJ  = */,  -t  /,  cos' (30°  - 35°) 

24.S  W/m*  = 0.500/,,  + 0.9924/, 
p - 130°  gives  5.2  W.W  = Utt  + lf  cosJ(130°  - 35°) 

52  W/mJ  -0.500/,  -f  0.0076/, 

Suhtr^rting  the  second  equation  from  the  first  gives  19.6  W/mJ  =0.9848/,  and  /„  =•  19.9  \V.m*.  And  then 
/,  = 2(5.2  W.W  -0.0076119.9  \V/m*))=  10.1  W/m\ 

Evaluate:  Now  thit  we  have  /.„  /,  and  0 we  can  verify  that  / - ±!t  + /,  cos'd -0)  describes  that  data  in  th: 
table. 

iDfAllPY : The  number  of  wavelengths  in  a distance  D of  material  is  DfA  . where  a is  the  wavelength  of  the 
light  in  the  material. 

D D I 

SET  UP:  The  condition  for  a quarter- wave  plate  is  — ■*  — . where  we  have  assumed  nx  >ni  so  A*  > A. . 

4 ^ 4 


. rr.O  n jy  I 

Execute:  (a)  *•-  at 

* x,  4 

JL  5.89  xlQ  ' m 


D- 


4<"  i-ffil 
6.14  * 10  ?m. 


lb  )D^ : 

4(»r(  -ii*)  4(1.875-1.635) 

Evaluate:  The  thickness  of  the  quarter-wave  plate  in  part  (b)  is  614  nm.  which  is  of  the  same  order  as  the 
wavelength  in  vacuum  of  the  light. 

IDI.VI1PV:  Follow  the  steps  specified  in  the  problem. 

Set  Up:  cosftr  - fi)  - %\na  %m  fi  + cos  a cos//  . sin(a  - fi)-  %macm  fi -coiasinfi  . 

Execute:  (a)  Multiplying  F.q.(  1 ) by  sin  fi  and  I:qi2)  bv  sin  a yields: 


X m . . * if  m 

< 1 ):  -»n  fi  - sin  rut  cos  asm  //  - cos  mr  sin  astn  fi  and  (2):  — sin«  - sin  at  cos  //sin  a - cos  am  sin  fi  sin  a . 
a a 

Subtracting  yields:  — l!l_! “*  - nnotf(cosir»D^-  cos //sin a). 
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(b)  Multiplying  Eq.  ( 1 ) by  cos fl  and  Eq.  (2>  by  cos a yields: 

(l|l : — io/i  - situM’txisacos^-cosAVsinacM^ and  (2):— cost?  - sin  <uf  cos// cost/ -coxi’ar  sin /^coxr/  . 
a a 

xco*fl  - vco%a 

Subtr&riing  yields:  -cosrt*(sintf  cos/> -sin/>coxtf>. 

a 

(c)  Squaring  and  adding  the  results  of  parts  (at  and  <b)  yields: 

Lvxin  fl  - y sinr/)-  + Lvcos/f  - ycosr/lJ  - a1  | sin  a cox  fl  - un  //cosr/J* 

Id)  Expanding  the  left-hand  side.  \%e  have: 

A**'(xin:  ft  -t  cox*’  fl)  t y*  (sin*  a -t  cox*  a)  - 2rv(xin<7sin  ft  + cosacos//) 

- x*  + y‘  - 2i\<xin<7xin  fl  + casacos/7)  - .r'  ■*  y“  - 2.vycou  <i  - fl). 

The  right-hand  side  can  be  rewntten:  »r'(sinacos//  - sin/i’cosa)'  - a’  sin'<*7  - fl).  Therefore. 

,v*  + y*  - 2xycos(a  - fl)  - a’  sin'<a  - fl).  Or,  x*  + y1  - 2rvco*A’  - o'  sin' S.  where  6 - a - fl. 

EVALUATE:  (e)  6 - 0 : x ' *•  y*  - 2xy  - (x  - y):  -O^r-  y\  which  is  a straight  diagonal  line 

S - — : x2  + y * - Jlx y = — . which  ix  an  ellipse 

S :.r*  -f  v'  - a*. which  is  a circle.  This  ruttem  repeats  for  th:  remaining  phase  differences. 


iDt.Mih:  Apply  Snell's  law  to  each  refraction. 

SET  UP:  Refer  to  the  figure  that  accompanies  the  problem. 

Execute:  (a)  By  the  symmetry  of  the  triangles,  0?  - (*%  and  f/  - 0?  - 0?  =■  0?.  Tbereforc, 


win*?  -rising  = nsinO?  - sintf* -0*. 

i i > w A • 


|b>  The  total  angular  deflection  of  the  ray  ix  A - 0?  - 0?  + x - 20?  •*  (f  -0\  - 20*  - 4 Of  + z. 
|cf  From  Snell's  Law.  sm 0*  - n xin 0?  0 ‘ - arexin!  i-sintf1  I . 


A - 20*  - 4 0*  ♦ f - 20*  - 4arcsin|  -sxntf 1 1 1 ,e. 

d 


d\ 

(d>_-0-2- 


ircuiT  — sill#' 


0-2- 


sin'tf 


DOS# 


1- 


sin5  0. 1 fl6cot:0. 


4 cos'  Ox  -rf  - Is-  cos'  0 . 3cos:  0X  - n’  - 1 . cos'  0X  - -<nJ  - 1 ). 


(c>  For  violet:  0 - arccos  j ^-(jf  “ 0 | - arccox  j ^'-1 1.342*  - I)  | - SS.89: . 
A.  . =139.2°  0 > = 40.8°. 


For  red  0 - arccos  j - 1)  J-arecosj  ^1(1.330*  - 1)  j - 59.58°.  A^  - 137.5°  0^  - 42.5*. 

EVALUATE:  The  angles  we  have  calculated  agree  with  the  values  given  in  Figure  37.20d  in  the  textbook.  0 is 
larger  for  red  than  for  violet,  so  red  in  the  rainbow  is  hugtrcr  above  the  hori/cci. 
iDEVriFY:  Follow  similar  steps  to  Challenge  Problem  33.66. 

SET  UP:  Refer  to  Figure  33.20c  m the  textbook. 

EXECUTE:  The  total  angular  defVclion  of  the  ray  is 

A = 0*  -(?  +r  - 20?  + r — 20?  +0?  - O?  = 20?  - 6 O?  + 2*.  where  we  have  used  the  fact  from  the  previous 
problem  that  all  th:  internal  angles  are  equal  and  the  two  e.xterml  equals  arc  equal.  Also  unng  the  Snell's  Law 

relationship,  we  have:  0?  - arvsini  -Uinfl*  I . A = 20?  - 60?  + 2x-  20?  -6an:sin(  —sin IF4  U 2^. 
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(/j3  - 1 -f  cos' A)  ^ 9c«w*  0 . cos *0 (a*  - l>. 


EVALUATE:  The  angles  we  calculated  agree  with  those  given  in  Figure  37.20c  xn  the  textbook.  The  color  that 
appears  higher  above  the  horizon  k violet.  Tlx  colors  appear  in  reverse  order  in  a secondare  rainbow  compared  to 
a primary  rainbow. 
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.14.2. 


.14.3. 


.14.4. 


iDt.Mm  and  SET  Vr:  Plane  mirror  s - -.s'  (Kq  J4. 1 1 and  «i  - y'/y  - -.//.v  - -f  1 (Eq.34.2).  We  arc  given  % 
and  v ami  arc  asked  to  find  s'  and 

EXECUTE:  The  object  and  image  are  shown  in  Figure  34.1. 

.s' s -*  a -39.2  cm 

M^HI'hi’1*4  85  cml 

|v^|  = 4.85  cm 

Figure  34.1 


The  image  it  39.2  cm  to  the  right  of  the  mirror  and  is  4.S5  cm  tall. 

EVALUATE:  For  a plane  mirror  the  image  is  always  the  tame  distance  behind  tb:  mirror  as  the  object  is  in  front 
of  the  minor.  The  image  always  has  the  tame  height  as  the  object. 

IDENTITY:  Similar  triangles  say  


SET  UP:  dtmtm  - 0.350  nv  -0.0400  m and  - 280  m * 0.350  m 

Execute:  h -h  - 0.040  m 2X0  m * 0 350  m -*  3.24  m. 

^ 0.350m 

Evaluate:  The  irmge  of  the  tree  famed  by  the  miner  is  2S.0  m behind  the  mirror  and  is  .1.24  m tall. 
IDENTIFY:  Apply  the  law  of  reflection. 

SET  tP:  If  up  is  the  *v-direction  and  right  is  the  ♦v-dircetion.  then  the  object  is  at  ) and  /V  is  at 

Execute:  Mirror  l flips  the  rvalue*,  so  the  image  is  at  j’4)  which  is  /f. 

Evaluate:  Mirror  2 uses  /fas  an  object  and  forms  an  image  at  /f . 

Identify:  f -R.2 


.14.5. 


SET  UP:  For  a concave  mirror  R > 0. 

_ . % r R 34.0cm 

Execute:  (a)  / - — — ; — 1 7.0  cm 

EVALUATE:  (b)  The  image  formation  by  the  mirror  is  dctcrmirxd  by  the  law  of  reflection  and  that  is  unaffected 
by  the  nvdium  in  which  tb:  light  rs  traveling.  The  foeal  length  remains  17.0  cm. 

IDENTIFY  and  SET  UK  Use  Eq.(34.6)  to  calculate  s'  and  use  I:q.{34.7)  to  calculate  /.  The  inugc  is  real  if  / is 
positixe  and  is  erect  if  m > 0.  Concave  means  R and /are  positive.  R - -t22.0  cm;/  - R /2  - ♦ 1 1.0  em. 


Three  principal  rays, 
numbered  as  in  Sect.  34.2. 
are  shown  in  Figure  .14.5. 
The  principal  ray  diagram 
show’s  that  the  image  is 
real,  inverted,  and 
enlarged. 
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34.6. 


34.7. 


34.8. 


34.9. 


to  I 


<I6.5cmnll.0cml  „ 


. B 


.T  S'  1 

1 

✓ / 7 a/  i-/  16.5  cm- 1 10  cm 

» mi  real  image.  33.0  cm  to  left  of  minor  vertex 
__  / 33.0  cm 

s 16.5  cm 

EVALUATE:  The  image  w 33.0  cm  to  the  left  of  tlx  mirror  vertex.  It  is  real,  inverted,  and  is  1.20  cm  tall 
(enlarged).  The  calculation  agrees  with  the  image  characterization  from  the  principal  ray  diagram.  A coocave 
mirror  used  alone  always  forms,  a real,  inverted  image  if.v > /and  the  image  is  enlarged  if /<  j 2J. 

IDENTIFY:  Apply  — - — and  m - - — . 

.v  * / .r 


- -2.1X1  {m  < 0 means  inverted  image)  I r'l - - 2.00(0.600  cm)  - 1.20 


SET  Up:  For  a convex  mirror.  R < 0 . R - -22.0  cm  and  / = — - -1 1 .0  cm 
Execute:  (a)  The  prmcipahray  dug  ram  is  sketched  in  Figure  34.6. 

(b)I.i-i.  y - — — — _ .*!**'? an>-l I 9 *?■■>.  =-6.6 cm. 

s s'  / .r -/  16.5  cm -(-11.0  cm!  .r  16.5  cm 

\v\ - |ui|  v - (0.40)  H 0.600  cm)  - 0.240  cm . The  image  is  6.6  cm  to  the  right  of  the  minor.  It  is  0.240  cm  tall 

s*  < 0 . so  the  image  is  v irtual . »i  > 0 . so  th:  image  is  erect. 

Evaluate:  The  calculited  image  properties  agree  with  th:  image  characterization  fnxn  th:  principal*  ray  diagram. 


Set  Up:  /*+1.75m. 

Execute:  t»/so  *'  = /«  1.75m  . 

s'  1.75  m 


-3.14x10  i*'!  — |si|  r — (3. 14 x 10  ")<6.7<Mx  10*  m)-2.!3x|04  m -0.213  mm 


.v  5.58x10  m 
EVALUATE:  The  image  is  real  and  is  1.75  m in  front  of  the  mirror. 

IDF.NT1FY:  Apply  — rJ L and  m - - — 

.vs'/  s 

SET  L’P:  The  minor  surface  is  convex  so  R - -3.1X1  cm  . s - 24.0  cm  - 3.00  cm  - 21 .0  cm  . 

(21.0  cm)(-l.50  cm) 


Execute:  / - — - -1.50  cm.  s'  =>  — — 

2 % s f s-f  21.0  cm -(-1.50  cm) 


-1.40  cm  . The  image  is 


Iwlv  - (0.0667KJ.S0  mm  I - 0 ’5  3 mm  . 


1 .40  cm  tvhmd  the  surface  so  it  is  3.00  cm  - 1 .40  cm  - 1.60  cm  from  the  center  of  the  ornament,  on  the  sanx  side 

as  the  object,  m--— - — — — *0.0667. 

.r  21.0  cm 

EVALUATE:  The  imigc  k v irtual,  upright  and  sinalVn  thin  the  ctfijcct. 

Identify:  The  shell  behaves  as  a spherical  mirror. 

SET  LtP:  The  equation  relating  th:  object  and  image  distances  to  the  focal  length  of  a sphcncal  mirror  is 

i - . and  its  magnification  is  given  by  m - -.L 

x x%  1 t 
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34.11. 


cm  from  the  v ertex. 


cm  -6.00  cm 


r 1111 

Execute:  -t-  — ^ 

.V  I f x -I 

/ -6.00  cm  1 r I 

m - - — - ■ — ~>  v ■ — 1 1 .5  cm}  - 0.50  cm  . The  image  is  0.50  cm  tall,  creel,  arxl  virtual. 

v 18.0  cm  3 3 

Evaluate:  Since  the  magnification  is  lew  than  one,  lb:  image  is  smaller  than  the  object. 
iDLMltY:  The  bottom  surface  of  the  bowl  behaves  as  a sphcncal  c cm  vex  mirror. 

Set  UP:  The  equation  relating  lb:  object  and  image  distances  to  the  focal  length  of  a iphcocal  mirror  is 

— ♦ -! . and  its  magnification  is  given  by  m = 

* *'  f * 


Exec  tu 


-2 


/*  = -15  cm  behind  bowl. 


x t 
15  ctn 


/ x 35  cm  90  cm 

0.167=*/-  (0. 167x2.0cm>- 0.33  cm  . The  image  is  0.33  cm  tall,  erect,  and  virtual. 

x 90  cm 

EVALUATE:  Since  the  magnification  is  lew  than  one.  lb:  image  is  smaller  than  the  object. 
iDf.MltY:  We  are  dealing  with  a spherical  mirror. 

SET  L’P:  The  equation  relating  tb:  object  and  image  distances  to  the  ftxal  length  of  a spherical  mirror  is 
«!•  * . and  its  magnification  is  given  by  m - 

x *'  f * 


Execute:  <j|  = — » 1- 1-i-- — L aIki m - -L 

s > 1 < / . fa  K-f  V f-s 

<bl  The  graph  is  given  in  figure  34  1 la. 

(c)  i >0t*on>  /. x < 0. 

<di  .vr  < 0 for  0 < * < /. 

(c)Thc  image  is  at  negative  infinity.  ’behind"  the  mirror. 

(0  At  the  focal  point.  x -/ 

<gl  Hie  image  is  at  the  mirror,  t*  - 0 . 

<hl  The  graph  is  given  in  figure  34  I lb. 

(i)  Excel  and  larger  if  0 < s < f. 

<j)  Inverted  if  t > /. 

<kl  The  image  is  smaller  if  s > 2/  or  i < 0. 

<1|  As  the  ctoject  is  moved  ctaocr  and  closer  to  the  focal  point,  tlu:  magnification  increases  to  infinite  values. 
Evaluate:  As  the  object  crosses  the  focal  point,  both  the  image  distance  and  the  magnification  undergo 
discontinuities. 

A1 


<b) 

figure  34.1 1 
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Identify  : 


V 


uui  <?.'  — 


*-/  /-* 

Sir  t'P:  With  t - -1/1,  >'  = --*1(1.  and  m - 1(1  . 

- • i ,+\r\  *r\,\ 

Execute:  The  graphs  an  given  m Figure  J4.12. 

(a)  ./>  0 foe  - 1/|<  j<0. 

(b>«  < 0 for  * < -\t |and  « < 0. 

(c)  If  the  object  is  at  infinity,  tlx  image  is  at  the  outward  going  focal  point. 

(d)  If  the  object  is  next  to  the  mirror,  then  the  linage  is  also  at  the  mirror 

(e)  The  image  is  erect  (magnification  greater  than  zero)  for  * >- |/|. 

(OThe  image  is  inverted  (magnification  less  than  zero)  for  x < — |f  |. 

(g)  The  image  is  larger  than  the  object  Imagnificaticoi  greater  than  one!  for  -2|/|  <x < 0. 

(h)  Tlie  image  is  .smaller  than  the  object  (magnification  less,  than  one)  for  t > 0 and  x < - 2|f  | 

EVALUATE:  Tor  a real  image  (*  >0).  the  image  formed  by  a convex  mirror  i s always  virtual  and  smaller  than  the 
object. 


-i 


111,  »'  s' 

Identify:  — +--  — and  »i  — - . 

X S / Y X 

SET  Up:  «i  = *2.00  and  x = 1.25  cm.  An  erect  image  must  be  v irtual. 

EXECUTE:  (a)  s and  m - Tor  a concave  mirror,  m can  be  larger  than  l.X.  Tor  a convex  mirror. 

x-f  x-f 


- r J I - and  m is  always  less  than  I .00.  Th:  minor  must  he  concave  ( f > 0). 

*+\f\ 


(b)  — - — L f - m - - +2.00  and  v - -2.00* . / = - — 1— ^ _ +2.00*  - +2.50  cm . 

/ xi  x + x x x - 2. 00* 

R - If  * +5.00  cm . 

(c)  The  principal  ray  diagram  is  drawn  in  Figure  .14. 1 3. 
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EVALUATE:  The  priiKipohrav  diagram  agrees  with  the  description  from  the  cquatxms 


IDENTIFY:  Applv  jnd  m--- 

x x 1 .r 


SET  Up:  For  a concave  mirn>r.  R > 0.  R - 32.0  cm  and  / 16.0  cm. 

_ ..II  1 , xf  <12.0  cmXl6.0  cm) 

Execute:  <a)  - + — - — . * - — 4S.0cm.  m- 

x x f x-f  12.0  cm -16.0  cm 


-4S.0  cm 


x 12.0  cm 

(b)  x*  - -48.0  cm  . so  the  image  is  48.0  cm  to  the  right  of  the  mirror,  i*  < 0 so  the  image  is  virtual. 

(c>  The  prmcipuhray  diagram  is  sketched  in  Figure  34.14.  The  rules  for  principal  rays  apply  only  to  paraxial 
Principal  rav  2,  that  travels  to  the  nunor  along  a line  that  passes  through  the  focus,  makes  a large  angle  with 
optic  axis  and  is  not  deserved  well  by  the  paraxial  approx imition.  Therefore,  principal  ray  2 is  not  included 
sketch. 

Evaluate:  a coocave  minor  fixms  a virtual  lmige  whenever  t < f . 


Figure  34.14 

Identify:  Apply  l:q.<34. 1 1 k With  U]  is  the  appirent  depth 


+ 

x s R 

(Oat  surface),  so 

1 

i 7 


^JL-0 


Ctlixl 

Figure  34.15 

_ , ns  (1.00X3.50  era) 

Execute:  s = -—  -2.67  cm 

«,  1.309 

The  apparent  &pth  is  2.67  cm. 

Evaluate:  When  the  light  goes  from  ice  to  air  (larger  to  smaller  nk  it  is  hent  away  from  the  normil  and  the 
virtual  image  is  closer  to  the  surface  than  the  object  is. 


= ir.s| 
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.14.17. 


.14.18. 


.14.19. 


IDENTIFY  : 7Tic  surface  ix  flat  so  R -p  <r.  and  — + — - 0 . 

X X 

SET  UP:  The  light  travels  from  the  fish  to  the  eye,  so  «,  - 1 .333  and  nK  - I .<10 . When  the  fish  ix  viewed, 
s = 7.0  cm  . The  fixh  is  20.0  cm  - 7.0  cm  - 13.0  cm  above  the  mirror,  so  the  image  of  the  fish  rs  13.0  cm  below  the 
mirror  and  20.0  cm  + 13.0  cm  - 33.0  cm  below  the  surface  of  the  water.  When  the  image  ix  viewed,  x - 33.0  cm  . 


EXEC  HI 


TE:  (a)*' a-  — — fv  — — — — (7.0  cm)- 
nj  \ 1.333 


-5.25  cm  . He  apparent  depth  ix  5.25  cm. 


I.  - 


(h)  x - -|  — \x  - -\  ^ 33.0  cm)  - -24.N  cm . The  apparent  depth  of  the  image  of  the  fids  m th:  minor  is  24.8  cm. 

Evaluate:  In  each  ease  the  appurent  depth  is  less  than  the  actual  depth  of  what  ix  being  viewed. 

t 

IDEMIFY : — — 1 ! — m - 1-ight  comex  from  the  fish  to  the  person's  eve. 

xs  R 

SET  UP:  R - - 14.0  cm  . s - +14.0  cm  . - 1 .333  (water).  - 1 .!» (air).  Figure  34. 1 7 shows  the  object  and  th: 

refracting  surface. 

_ , % 1.333  1.00  1.00-1.333  . Iift  (I.333K-14.0  cm) 

Execute:  (a) + . s --14.0  cm  . «i  - +1.33. 


<1.001(14.0  cm  I 

of  the  bowl  aixl  the  nugnificaticoi  ix  1 J3. 


14.0  cm  x -14.0  cm 

The  fish's  imigc  ix  14.0  cm  to  the  left  of  the  bowl  surface  so  ix  at  the  ce 

(b)  The  focal  point  ix  at  the  image  location  when  x-+  «?.  n -1.00.  nk -1.333.  rt- +14.0  cm. 

x R 

— ; — s'  - +56.0  cm  . i ix  greater  than  the  diameter  of  the  bowl,  so  the  surface  facing  the  sunlight 

x 14.0  cm 

does  not  focus  th:  sunlight  to  a point  inside  th:  bowl.  The  focal  point  is  outsid:  the  how  l and  there  is  no  danger  to  th:  fish 
Evaluate:  In  part  lb)  the  rays  refract  when  they  exit  the  bowl  back  into  the  air  so  the  image  we  calculated  is  not 
the  final  image. 


Wafer 


F.*h 


Yli 


14.0iin 


(»: 


Figure  34.1 7 


IDE  Vim:  Apply  11  - . 

x x 9 R 

SET  UP:  For  a convex  surface,  R > 0 . R - +3.00  cm  . n - 1 .00 , n - 1 .60 . 


Execute:  (a)  * ->  x . t 

.f  R 

S.CO  cm  to  the  right  of  the  vertex. 


*-lf  f 140 

j v 1 .60  - 1 .00 


[+3.00  cm  l - +8.CXI  cm  . The  image  is 


(b)  x - 12.0  cm. 


(c)  s - 2.00  cm . 


[ .(H)  1.60  1.60-1.00 


12.0  cm  r*  3.00  cm 


60  1.60-1.00 


s'  - + 1 3.7  cm  . The  imauc  is  13.7  cm  to  the  nght  of  th:  v ertex. 


s'  - -5.33  cm  . The  image  rs  5.33  cm  to  the  left  of  the  vertex. 


2.00  cm  x 3.00  cm 

Evaluate:  The  image  can  be  cither  real  ( s'  > 0 ) or  virtual  ( s'  < 0 ).  depending  on  the  distance  of  th:  object 
from  tbe  refracting  surface. 

Idem  it  Y : The  hemispherical  glass  surface  forms  an  image  by  refraction.  The  location  of  this  image  depends  on 
the  curvature  of  the  surface  and  the  indices  of  refraction  of  the  glass  and  oil. 

SET  UP:  The  image  and  object  distances  are  related  to  the  indices  of  refraction  and  the  radius  of  curvature  by  the 
equation 

«•  R 


Goimcin:  Optics  34-7 


34.20. 


34.21. 


34.22. 


34.23. 


..  "t  1.45  1.60  0.15 

I-AMl  IS:  -t4-- -=> ♦ a 

R x 1.20  m 0.0300  m 


.f- 0.395  cm 


.»  j 

Evaluate:  The  practice  of  the  »>il  change*  the  locatitxi  of  the  image. 


Identify:  — 


_ 


.9  i * 

Set  UP:  R - -t4.00  cm  . na  = 1 .00 . nt  - 1 .60 . s - 24.0  cm 
I 1.60  1.60-1.00 

V 


Exec  ute: 


. / i.US  cm.  -0.3S5  . 


24.0  cm  .v  4.00  cm  ( 1. 60  H 24.0  cm  I 

|»'|  - [ii|v  - (0.3S5H1.50  mm)  = 0.578  mm . The  image  i * 14  8 cm  to  the  right  of  the  vertex  anJ  is  0.578  mm  tall, 
r?  < 0 . so  the  itmgc  is  inverted. 

Evaluate:  The  image  is  real. 

IDENTIFY:  Apply  Fqs.(34.l  1)  and  (34.12).  C alculate  and  y.  The  image  is  erect  if  m > 0. 

SET  UP:  The  object  and  refracting  surface  are  shown  in  Figure  34.21. 


K - JtVUff. 


t sa 


v - 1.(0 


- • 24.11  Cli. 


\ - I to 


Figure  34.2 


Execute: 


X S K 

1.00  1.60  1.60-1.00 
24.0  cm  “7  -4. (XI  cm 

Multiplying  In*  24.0  cm  wives  1 .00  ■* 


J8.4 


- -3.(0 


38.4  cm  . . 38.4  cm  t .c 

4.6X1 

Eq.,J4.l2>: 

ns  (1 .60)(*f  24.0  cm) 

Ji'|  - |>i|| v | - (0.2 1 7* 1 .50  mm l - 0.326  mm 

Evaluate:  The  image  is  virtual  (s’  < 0)  and  is  8.35  cm  to  the  left  of  the  vertex.  The  image  is  erect  (m  > 0)  and 
is  0.326  mm  tall.  R is  rxgativc  xinre  the  center  of  curvature  of  the  surface  is  on  the  incoming  side. 

IDENTIFY : The  hemispherical  glass  surface  forms  an  image  by  refaction.  The  loeatievi  of  this  image  depends  on 
the  curvature  of  the  surface  and  the  indices  of  refraction  of  the  glass  and  liquid. 

SET  UP:  The  image  and  object  distances  are  related  to  the  indices  of  refractiixi  and  the  radius  of  curvature  by  the 
equation 

Execute:  ^ ^ ^ — — 


60 


60- 


2i 


.v  s'  R 14.0  cm  9.00  cm  4.00cm 
Evaluate:  The  result  rs  a reasonable  refractive  index  for  liquids. 

Identify:  Use  _I_  — m — 1)|  _1_  — _I_  I to  calculate  f.  The  apply  1 + -L  - -L 


“ R 


' * / 


: . --13.0cm.  It  the  lens  is  reversed.  R - +13.0  cm  and  R 


S»:r  L>: 


EXECUTE:  (a)  — - 10.70V  _ - 

/ too  -13.0  cm 

^ C2  5cni>lS6cm) 


ITfl 


13.0  cm 

107  cm 


and  / = 18.6  cm. 


L.L-i.ilL 

/ V xf 


-4.76. 


x- J 22.5  cm -18.6  cm  x 22.5  cm 

y - my  - (-4.76X3.75  mini  — —1 7.8  mm  The  image  is  107  cm  to  the  right  of  the  km  and  is  1 7.8  mm  tall.  The 
itnauc  is  real  and  inverted. 


— ' and  / - 18.6  cm  . The  imauc  is  the  same  as  in  part  (a). 


W7,(,'V 

EVALUATE:  Reversing  a lens  does  not  chance  the  focal  Vmwth  of  the  lens. 


34-S  Chapter  .34 


34.24. 


34.25. 


34.26. 


34.27. 


34.28. 


IDENTIFY:  — + — - . The  sign  of  determines  whether  the  lens  rs  converging  or  diverging. 

* * f 

SET  UP:  x - 16.0  cm  . / - -12.0  cm  . 

.w*  (16.0  cmM-12.0  cm) 


EXECUTE:  (a)  / 


- -4H.0  cm  . / < 0 and  the  lens  k diverging. 


16.0  cm  + (-12.0  cm) 

Iwl  v - (0.750X8.50  mm)  - 6.3S  mm  m > 0 and  the  iimgc  is  erect. 


/ -12.0  cm 

(h)  m tO. .» 50 . y 

x 1 6.0  cm 

(c)The  principal ’ray  diagram  is  sketched  in  Figure  34.24. 

Evaluate:  A diverging  lens  always  forms  an  image  that  is  virtual,  erect  and  redured  in  si/e. 


SET  UP:  The  lcnsmakcr’%  equation  is  1)  — - — . and  the  magnification  of  the  lens  is  m - - — 

x x R R, 


Exec  ute:  (a)  i-f-L-Cn-l)  — - — 

i x 1 R.  R1  24.0  cm  t 


+ i = <lS2V 


- > .1X1  cm  -4.00  cm 
s'  - 71 .2  cm  . to  the  right  of  the  lens. 


,y  24.0  cm 


EVALUATE:  Since  the  magnification  is  negative,  the  image  is  inverted. 
IDENTIFY:  Apply  m - — - - — to  relate  x and  t and  then  use  — r — 


y x 

SET  Up:  Since  the  image  is  inverted.  / < Oand  m < 0 . 


Y X / 


v -4.50  cm  s . 111. 

Execute:  m -1.406.  « = give*  t 1.406s.  -*■  — eives 

y 3.20  cm  s xxf 


and  x - 154  cm . (1.406X1 54  cm)  - 217  cm  . The  object  is  154  cm  to  the  left  of  the 


.v  1 .406s  90.0  cm 

lens.  The  image  is  2 1 7 cm  to  the  right  of  the  lens  and  is  real. 

EVALUATE:  For  a single  lens  an  inverted  image  is  always  real. 

IDENTIFY:  The  thin-lcns  equation  applies  in  this  case. 

SET  Up:  The  thin-lens  equal  xm  is  — -*  . and  the  magni Nation  is  <w  - . 

X S'  / .Y  V 


Execute:  m - — 

y 


1 ♦ — - -L=>  / - 3.69  cm 

V s’  / 


34.0  mm 

-12.0  cm 

8.00  mm 

— — — 

■ 

s 

y - 2.S2  cm . The  thin- lens  equation  gives 


Ev  alu  ate:  Since  the  f<xal  length  is  positive,  this  is  a converging  lens.  Th:  image  distanre  is  negative  because 
the  object  is  inside  the  focal  point  of  the  lens. 


IDENTIFY:  Apply  <w  - - — to  relate  v and  x' . Then  use  — + — . 

Y S X f 


SET  Up:  Since  the  image  is  to  the  right  of  the  lens,  .s'  > 0 . .s'  + x - 6.00  m . 

Execute:  (a)  s'-K0.0.s  and  r + s' -6.00  m gives  81.00s  -6.00m  and  .s  - 0.0741m.  x -5.93  m 


Geometric  Optics  34-9 


34.29. 


34.30. 


34.31. 


34.32. 


(b)  The  imacc  is  inverted  since  both  the  image  and  object  are  real  (.s'  > 0.  s >0). 


f - 0.0732  m.  and  the  km  is  convcruing. 


/ x s 0.0741m  5.93  m 
EVALUATE:  The  object  rs  ckise  to  tb:  lens  and  the  xtmgc  is  much  farther  from  the  lens.  This  is  typical  for  slid: 
projectors. 

1 


IDEVim : Apply <ii-llj  — - — I . 

Set  UP:  For  a distant  obyed  the  image  is  at  the  focal  point  of  tb:  lens.  Therefore,  / - 1 .87  cm  . For  the  double- 
convex  lens,  Rt  - -tR  and  J?:.  - -R  . where  R - 2.50  cm  . 

2.50  cm 


Execute:  _^<n-i)i— - — -~‘'J 

/ \R  -r  r 


-I*. 

If  2(1.87  cm l 


1 1-1.67. 


Evaluate:  / >0  and  tlie  lens  is  converging.  A dauble*  convex  lens  is  always  converging, 

iDEN  im  and  SET  Uf:  Apply  — -*(*-1)1  — - — 

/ l*.  Ri 

EXECUTE:  Wc  have  a conv  erging  lens  if  the  focal  length  is  positive,  which  requires 
(«  - II  — - — . > 0 r>  I — - — I > 0.  This  can  occur  in  one  of  three  ways: 

/ u A)  [a 

(i)  /?,  are!  R.  bath  pontive  and  Rt  < rt, . (ii>  Rt  2:0.  R:  i 0 (double  convex  and  planoconvex). 

(ni)  rt,  and  R.  both  nrgativc  and  |rt  |>  |rt.|(nxni*cus).  The  throe  lenses  in  Figure  35.32a  in  the  textbook  fall  into 
these  categories. 

We  have  a diverging  lens  if  the  fixal  length  is  negative,  which  requires 
(n  - 11  — - — . < 0 ->  * — - — I < 0.  This  can  occur  in  one  of  three  ways: 

( i)  rt,  and  R.  both  positive  and  rt  > R , (meniscus),  in  I rt,  and  R . both  negative  and  |rt>|>  | rt,  | (iii)  rt,  £ 0.  Ri  2 0 
(planoconcave  and  doiAde  concave).  The  three  lenses  in  Figure  34.32b  in  the  textbook  fall  into  these  catcgoocs. 
EVALUATE:  The  converging  lenses  xn  Figure  3432a  arc  all  thicker  at  the  center  than  at  the  edges.  The  diverging 
lenses  in  Figure  34.32b  are  all  thinnrr  at  the  center  lhan  at  Ihe  edges. 

iDf.vim  and  SET  Up:  The  equations  — + and  m - - — apply  to  both  thin  lenses  and  spherical  minors. 

« y / 

EXECUTE:  (a)  The  derivation  of  the  equations  in  Fxercisc  34. 1 1 is  idrnbeal  and  one  gets: 


r s’  / 


..Isom  = -!  = .! 


f ' 


/r  V-/  s f -x 

(b)  Again,  one  gets  exactly  the  same  cquatnins  for  a converging  lens  rather  than  a concave  minor  because  the 
equations  arc  identical.  The  difference  lies  in  the  interpretation  of  the  results.  For  a lens,  the  outgoang  side  is  not 
that  i>n  w hich  the  object  lies,  unlike  for  a mirror.  So  for  an  object  on  the  left  »dc  of  the  lens,  a positive  image 
distanre  nxans  that  the  image  is  on  the  right  of  the  lens,  and  a negative  image  distance  means  that  the  image  is  on 
the  left  side  of  the  lens. 

(c)  Again,  for  ELxcrcisc  34.12,  the  change  from  a convex  minor  to  a diverging  lens  changes  nothing  xn  the 
exercises,  except  for  the  interpretation  of  the  locaticui  of  the  images,  as  explained  in  part  (bt  above. 

Evaluate:  Concave  mirrors  and  converging  lenses  both  have  f > 0 . Convex  mirrors  and  diverging  lenses  both 
have  / < 0 . 

I DEV  I in : Apply  i*-L  = i.and  m - _ - 

.r  x*  t y x 


v - 7.0  cm. 


Set  Up: 

/ = +12.0  cm  and 

.v's-17.0  cm . 

Execute: 

1 1 1 

1 1 



T7=J~7 

12.0  cm  -17.0  cm 

s 

ftt  B **  _ _ 

M70,=-.2.4  = 

y OK  (XI  cm 
»•  — * 

J 

72 

m *2.4 

- +0.34  cm.  so  the  object  is  0.34  cm  tall,  erect,  >iime  side  as  the 


imace.  Tb:  principal- ray  diagram  is  sketclvd  xn  Figure  34.32. 


.14-10  Chapter  >4 


+0.646 


y ' ' |»i|  0.646 

The  principal -ray  diagram  is  sketched  in  Figure  34.33. 

EVALUATE:  Virtual  image,  real  object  (.v  > 0)  so  image  and  object  are  on  same  side  of  lens 
w>0w  image  is  erect  with  respect  to  th:  object.  The  height  of  the  object  is  12.4  mm. 


0,,"-7;-t^-225-  N>l‘-'12SKR< 

<c>  The  principal -ray  diagram  is  sketched  in  Figure  34.34 
EVALUATE:  The  image  is  real  so  the  letw  must  be  ccmv» 


EVALUATE:  When  the  obicct  is  inside  the  focal  point,  a convcrgine  lens  forms  a virtual,  enlarged  image 


H 

N 

imipp  F r+yst 

L i 

Figure  34  J2 

14.33.  IDENTIFY : Use  Eq.(34. 161  to  calculate  th:  object  distance  v.  m calculated  from  Eq.(34. 1 7 ) determines  the  sin: 
and  oriental  ion  of  the  image. 

SET  UP:  / - -48.0  cm.  Virtual  image  17.0  cm  from  lens  so  s'  - -17.0  cm 

_ III  111  x-f 

V r*  / ✓ / i Xf 


. vV  <■  1 7 0 cniK'  48.0  cnit  . ^ , 

.s'-/  -17.0  cm -(-48.0  cm) 

/ -17.0  cm 

m - - — 

v 


;r  i 


14.34.  IDE  vim:  Apply  i * 1 - -L 

s x'  / 

Set  Up:  The  sign  of f determines  whether  the  lens  is  converging  or  diverging,  t = 16.0  cm . s - +36.0  cm  . Use 
m - - — to  find  the  size  and  onentation  of  the  image. 


Execute:  (a)  / - 


w'  (16.0  cm)(36.0  cm) 


r + s 1 6.0  cm + 36.0  cm 

36.0  cm 


1 . 1 cm  . f > 0 are!  the  kns  is  converging. 


\m\y  a (2.25K8.00  mm)  - 18.0  mm  «i<  0 so  the  image  is  inverted 


Figure  34.34 


Oeccnetric  Optics  M- 1 1 


.14.35. 


34.36. 


34.37. 


34.38. 


34.39. 


34.40. 


Identify:  Apply  1 • -L  - -L 

.V  * / 

SET  UP:  The  image  is  lo  he  formed  an  ihc  film,  so  s - +-20.4  cm 

1 1 


t 1 I I I 

Execute:  -- 


s - 1020  cm  - 10.2  m. 


x * f s 20.4  cm  20.0  cm 

EVALUATE:  The  object  distance  is  much  greater  than  f,  so  the  image  is  just  outside  the  fo:al  point  of  the  lens. 
Identify:  Apply  Ljndm-  — . 

X s’  / y X 

SETUP:  .r  = 3.90  m.  / = 0.085m. 


Execute:  -+ 


v s'  i 3.90 


s'  - 0.0869  m i'=-—v  - - <IX<669I7SQ 
x * 3.90 


-39.0  mm. 


.s'  0.085  r 

it  will  not  fit  on  the  24-mmx  36- mm  film. 

EVALUATE:  The  imigc  is  just  outside  the  fixrjl  point  and  j * f . To  have  v - 36  mm . so  that  the  image  will  tit 

cm  the  film  s - =*  — ‘ — - 4.1  m . The  person  would  need  to  stand  about  4.1  m from  the  lens. 

y -0.036  m 


Idem  if v : M (- 


SETUP:  s»  f .*  os*f. 


Exec  utl 


;u:  .i 


\ i 


(H>  Iml  - — * — Inti 


105 


200.0(H)  mm 
- 5.3x10  \ 


-1.4x10  \ 


as  * * 200.000  mm 


21X1.000  mm 


EVALUATE:  The  magnitude  of  the  magntftcatxm  irxrcascs  when  j increases. 

Identify  : U=  I ^ili 
s y 

Set  Up:  .r»/.sof*/. 


53X1  m 


EXECUTE:  I it-  — i»  — v — - <70.7  m)  -0.0372  m -37.2  mm. 

EVALUATE:  A very  long  focal  length  lens  is  needed  to  photograph  a distant  object. 

I DENI  IE  Y and  SET  UP:  Find  the  lateral  mignitication  that  results  in  this  desired  image  si/e.  Use  !:q.{34  17)  to 
relate  m and  xf  and  Kq.<34. 16)  to  relate  t and  .vr  t of. 

Execute:  <a)  We  need  m - - zl—lll — ill  - -1.5x10  4.  Alternatively,  m - * ' — — -1.5x10/ 


60  m 


240  m 


i»/  so/*/ 

Then  m s ------ -1.5  x 10  4 and  / = (l.Sx  10  4)(600  m>  ^ 0.090  m ^ *1  mm. 

s s 

\ smaller  f means  a smaller  xr  and  a smaller  m.  so  with /-  85  mm  th:  object's  image  nearly  fills  the  picture 
36  10  m .75  x |Q  i Then,  as  in  part  faj.  — - 3.75x10  and 


(10  We  need 


9.6  m 


/- (40.0  m|<3. 75x10  ) -0.15  m - 150  mm  Therefore  use  the  135  mm  lens. 

Evaluate:  When  s * f and  .s'  » /,  / - - f (v'V.s).  For  the  mobile  home  y's  is  smaller  so  a farger /is  needed. 
Note  that  m is  very  small:  the  image  is  much  smaller  than  the  object. 

IDEMIFT : Apply  — • — to  each  lens  The  image  of  the  first  lens  sen  es  as  the  object  for  the  second  Vms. 

v * / 

SET  UP:  For  a distant  object,  s -> 

Execute:  (a)  st  = nzo s\ » / » 12  cm. 

(hi  s s 4.0cm  -12  cm  = -8  cm 


34-12  Chapter  34 


34.41. 


34.42. 


34.43. 


34.44. 


34.45. 


< x / -8  cm  a.  -12  cm 


i\  - 24  cm.  to  the  right. 


(d>  a =>/ = / =12  cm  x%  = 8.0  cm  - 1 2 cm  = -4  cm.  — *•— 

.v  x f 


s - 6 cm. 


4 cm  x3  -12  cn 

EVALUATE:  In  each  ease  the  image  of  the  first  lens  serve*  ax  a virtual  object  fee  th:  second  lens,  and  x3  < 0 . 
iDfMltY:  The  / numhrr  of  a lenx  ix  the  ratio  of  its  focal  length  to  its  diameter.  To  miintain  the  sime  exposure, 
the  amount  of  light  passing  through  th:  lens  during  the  exposure  must  remain  the  same. 

SET  UP:  The /•  number  is  f/D. 


Execute:  (a)  / •number  - ^ =>  /•  number 


180.0  mm 


/'•number  - / VI 1 . (The  /•number  is  an  integer. > 


16.36  mm 

(b)/T  I to /2.8  ix  four  steps  of  2 in  intensity,  so  one  needs  1/16  the  exposure.  The  exposure  should  be  1/480  s - 

2.1x10  ; s - 2.1  ms 

Evaluate:  When  opening  the  lenx  from  //1 1 to  /IS.  tlie  area  increases  by  a factor  of  16.  so  16  times  is  much 
light  is  allowed  in.  Therefore  th:  exposure  tinw  must  h:  decreased  by  a factor  of  1/16  to  maintain  the  same 
exposure  on  th:  film  or  light  receptors  of  a digital  carrcra 

IDEM  ify  and  SET  Up:  The  square  of  the  aperture  diameter  is  proportional  to  the  length  of  the  exposure  time 
required. 


< I 

Execute:  i — 
30 


;r;n 


23.1mm;  1250 

EVALUATE:  An  increase  in  the  aperture  dianxlcr  decreases  the  exposure  time. 

IDEM1PY  and  SET  UK  Apply  -t-  -! L to  calculate  s' . 

' r / 

EXECUTE:  (a)  A real  image  ix  formed  at  the  film,  so  the  lens  must  be  convex. 

1 i i i 


(h)  - _so_  - 

• * / * ') 


and  V - : with  t - -f 50.0.0  mm  . For  t - 45  cm  - 450  mm  s - 56  mm  l or 

*-/ 


s = t. /«/ - 50  mm  The  range  of  distances  between  the  lens  and  film  is  50  mm  to  56  mm. 
EVALUATE:  The  lens  is  closer  to  the  film  when  photographing  more  distant  objects. 
iDLMltY:  The  projector  lens  can  be  modeled  is  a thm  km. 

SET  LtP:  The  thin-lens  euuatxm  ix  — + — . and  the  magnifWation  of  the  lens  is  m - - — 

x s f i 


- ..1111  1 1 

Execute:  (a)  1 

i x f f 0.150  m 9.00  m 


/ - 147.5  mm . so  use  a/—  I4S  mm  lens. 


(b)  m 60-^  Area  - 1.44  mx216  m . 

x 

EVALUATE:  The  lens  must  produce  a real  image  to  be  v sewed  on  the  screen.  Sirxc  the  magnification  comes  out 
negative,  the  slides  to  be  viewed  must  be  placed  upsxle  down  in  the  tray. 

(a)  IDENTIFY:  The  purpose  of  the  corrective  lens  is  to  take  an  object  25  cm  from  the  eye  and  form  a virtual 
iinaue  at  the  eve’s  near  posit.  Use  I:q.|34.l6)  to  solve  for  the  imigc  distance  when  th:  object  distance  is  25  cm. 


m - *0.3636  m (converging  lens) 


SET  Up:  — - *2.75  diopters  means  /-  * — 

/ - 36.36  cm:  x - 25  cm;  s'  -? 

- Ill 

Execute:  — so 

V X f 

s — cm  M 36.36  cm  ^ Q ^ 

x - / 25  cm  - 3636  cm 

The  eye’s  near  point  rs  80.0  cm  from  the  eye. 

(b)  Idem  it Y : The  purpose  of  the  corrective  lens  is  to  take  an  object  at  infinity  and  form  a virtual  imigc  of  it 
tlie  eve’s  far  point  Use  liq.|  34.16)  to  solve  for  the  iinace  distance  when  the  object  is  at  infinity. 


SET  UP:  — - -130  diopters  means  / - 

/ 130 

f - -76.92  cm;  x = xr%  x' » ? 


m - -41.7692  m (diverging  lens) 


EXECUTE:  — * - and  x - x says  -L.  - and  xf  - f - -76.9  cm  The  eve’s  far  poant  is  76.9  cm  from  the  eve. 

v .•/-«'/ 
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.14.46. 


.14.47. 


.14.48. 


.14.49. 


.14.50. 


EVALUATE:  In  each  ease  a virtuil  image  is  filmed  by  the  lens.  The  eye  views  this  virtual  imigc  instead  of  the 
object.  Tlie  object  is  at  a distance  where  the  eye  can't  focus  on  it.  but  tbc  virtual  image  is  at  a distance  where  the 
eye  can  focus. 

Identify:  + 

x / R 

SET  UP:  ji,  = 1 .00 , = 1 .40 . .v  - 40.0  cm , / ^ 2.60  em . 

1 1.40  0.40 


EXEC  t TE: 


n =0.7 10  cm . 


400  em  2.fflcm  R 

Evaluate:  The  cornea  presents  a convex  surface  to  the  object,  so  R > 0 . 

IDENTIFY:  In  ca:h  case  the  lens  forms  a virtual  image  at  a distance  where  the  eye  can  focus.  Power  in  diopters 
equals  I//  . where /is  in  meters. 

SET  Up:  In  part  (aL  s - 25  cm  and  in  port  (b).  x ->  n . 


Execute:  <■)— --  + «t 1 — ! — 

/ % x 0.25  m -0.600 


power +2..13  diopters. 


I I I 1 I 
|l>> ♦ — = — -f 

fx * n -0.600  m 


power  = — = -1 .67  diopters. 


EVALUATE:  A converging  lens  corrects  the  near  vision  and  a diverging  lens  corrects  the  far  vision. 

Identify:  When  the  object  is  at  the  fecal  point.  .1/  In  port  (b)%  apply  1 - L to  calculate  t for 

/ * * f 

t m -25.0  cm  . 

SET  Up:  Our  calculation  assumes  the  near  point  is  25.0  cm  from  the  eye. 

25.0  cm  25.0  cm 


EXECUTE:  < a)  Angular  magnification  .If 

I 1 


4.17. 


.Ill  1 

l*> 


/ 6.00  cm 

x - 4.84  cm. 


r * / r -25.0  cm  6.00  cm 

y 


v . 25.0cm  25.0cm 

and  


Evaluate:  In  port  t b».  (7  - — . 0 

1 r 25.0  cm  / 

is  at  the  near  point  than  when  the  image  is  at  infinity*. 

Identify  : Use  Eq*X 34 . 1 6)  and  ( 34. 1 T|  to  calculate  / and  /. 
(a)  SET  Ur:  / =>  8.00  cm;/  - -25.0  cm:  s = ? 

1 I I I I I .s'-/ 

..  xf  (-25.0  cmK+R.OO  cm) 

Execute:  s - — ^6.06  cm 

x -/  -25.0  cm  -8.00  cm 

lb)  mr^-l--~25-0cni  - >4.125 


5 17.  3/  is  greater  when  the  image 


f>.0(>  cm 


111 


k’l  I'l.llvl-  1 4 125x100  mm) -4.12  mm 


Evaluate:  The  lens  alkws  the  object  to  h:  much  closer  to  th:  eye  than  th:  near  paint.  Th:  tense  allows  the  eye 
to  view  an  imaie  at  the  war  point  rather  than  the  object. 


*!*•  c .1 


.s'  >' 

• — — VO 

* > 

s 

SET  UP:  The  object  has  angular  si/e  0 . with  6 in  radians 


EXECUTE:  0 ~ — f - — ~ ' 1 ,K  I‘  80.0  mm  - R.OO cm. 

/ * 0 0.025  rad 

EVALUATE:  If  the  insect  is  at  the  war  point  of  a normal  eve.  its  ancular  si/c  is  — — 0.0080  rod 


IDENTIFY:  The  thin* lens  equal wn  applies  to  the  magnifying  lens 

SET  UP:  The  thin  lcns  cquatKin  is  1 + 1 1 

.s  .s'  / 


.14.51. 


34-14 


34.52. 


34.53. 


34.54. 


Chapter  U 

Execute:  The  invite  is  behind  the  lens.  so  ./<  0.  The  thin- fens  equation  gives 


ix  / x 5.00  cm  -25.0  cm 

Evaluate:  Since  /<0 , the  image  will  be  erect 

iDEVnEV:  Apply  I:q.<34.24X 

S»:r  UP:  si  - 160  mm  * 5.0  mm  - 1 65  mm 


r - 4. 1 7 cm.  on  the  same  sxle  of  the  lent  ax  the  am. 


Execute:  (a)  A/  - 


(250  mmXt'  (250  mm)(l6S  mm) 


fj,  (5.00  ramV26.0  mm) 


117. 


(b)  The  minimum  separation  iv 


!).10 


• 10  mm 


3.15x10  ‘mm. 


.If  317 

Evaluate:  The  angular  si/c  of  the  image  viewed  by  the  eye  when  looking  through  the  microscope  is  3 17  tines 
larger  than  if  the  object  is  viewed  at  the  near-point  of  the  unaiifed  eye. 

(a)  Identify  and  set  Up: 


tire  cycp*<€ 

Figure  3433 

final  image  is  at  x so  the  object  for  the  eyepiece  is  at  its  focal  point.  But  the  objo^  for  tlx  eyepiece  is  the  image 
of  the  objective  so  the  image  formed  by  the  abjective  is  19.7  cm  ■ I .SO  cm  - 17.9  cm  to  the  right  of  the  lens. 
Apply  Kiq.(34.l6)  to  the  image  formation  by  the  objective,  solve  for  the  ctojcct  distance  v. 

/ - 0.800  cm;  .s'  * 1 7.9  cm;  s - ? 

1 -i_-L  1 -1-  _ 

***'  r 

_ X'/  (17.9  cmK+0.800 cm)  n __ 

Execute:  1=-— *8.37  mm 

x-f  17.9  cm  -080  cm 

(b)  SET  Up:  Use  Eq.(34.17). 

s'  1 7.9  cm 

Execute:  - - — —2 1 .4 

x O.S37  cm 

The  linear  magnification  of  the  objective  is  21.4. 

(c)  SET  Up:  Use  Eq.(34.23):  M * m,3/a 

25  cm  25  cm 

Execute:  .if. 13.9 

f\  1.80  cm 

.If  -=  m,.lfj  - (-2 1 4)(l  3.9)  = -297 

EVALUATE:  .If  is  not  accurately  given  by  (25  emir* ' fxfi  -311.  because  the  object  is  rx»t  quite  at  the  fixal  point 
of  the  objective  (.s,  - 0.837  cm  and  /j  - 0.800  cm). 

iDEVnFY:  Eq.(34.24)  can  be  written  .If  - |w  |A/:.  - % SS .. 

SETUP:  -S  a f\  + 120  mn 

Execute:  / = 16 mm:./- 120 mm + 16 mm  - 136  mm; = 16  mm.  |/w,|-  — - 1 ^ l'ul>  8.5. 


t 124 


/ - 4 mm  : x - 1 20  mm  -t  4 mm  - 1 24  mm;  s = 4 mm  ~ Jv.’,  | 


— = 31. 

mm 

t 122  mm 


/ - 1.9  mm  :r'- 120  mm -1.9  mm -122  mm:  r - 1.9  mm toil- — — - 64. 

j 1.9  mm 

The  eyepiece  magnifies  by  cither  5 or  10.  so: 

(a)  The  maximum  magnification  occurs  for  the  1.9-mm  objective  and  I Ox  eyepiece: 

If  -|w.|A/.-  (64X10)  -640. 

(h)  The  minimum  magnification  occurs  for  the  16-mm  objective  and  5x  cvcpxce: 
.»/-^|A/.-(S.5K5)-43. 

EVALUATE:  The  smaller  tlx  focal  length  of  the  ob>cclivc.  the  greater  the  overall  magnification. 
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34.55. 


34.56. 


34.57. 


34.58. 


34.59. 


iDfAim : /number  - ffD 

SETUP:  0 = 1.02  m 

Execute:  -1-  19.0t* / = (19.0)0  a (l9.0Xl.02m)*  194  m. 

Evaluate:  Camera  lenses  can  also  haw  an/- number  of  19.0.  Ft»  a carwra  lens.  b{)th  ihe  fecal  length  and  lens 
diameter  are  much  smaller,  but  the/*  number  is  a measure  of  their  ratio. 

iDEVnFY:  For  a telescope.  St  - - — . 

SET  Up:  />  - 9.0  cm  . The  distance  between  the  two  lenses  equals  /,  -f  f} . 

Execute:  f%  + /2  = I M m =>  fx  = 1 .80  m - 0.0900  m ^ 1 .7 1 in  St  - - A - - J-i  = - 1 9.0. 

Evaluate:  For  a telescope.  /,  j\. 

(a)  IDENTIFY  and  Sll  Up:  Use  Eq434.24).  with  t\  -95.0  cm  (objective)  and  / 1 - 15.0  cm  (eyepiece!. 

Execute:  .1/  =-A= lcm  = -6.33 
fx  1 5.0  cm 

<b)  IDENTIFY  and  SET  Up:  Use  Eq.(34.!7)  to  calculate  y. 


SETUP:  .9  = 3-00x10*  m 

s'  - f.  - 95.0  cm  I since  .s  is  very  Urge,  r * f\ 


Execute:  m 


0.950  m 


-3.167x10  ^ 


.v  3.00x|0m 
|,  |-  H|  ,|  -(3.l67x  10  4»60.0  m)  -0.0190  m - 1 90  cm 

(c)  IDENTIFY:  Use  Kq.(34.21)  and  the  angular  magnification  .1/  obtained  in  part  (a)  to  calculate  if.  The  angular 
size  0 of  lb:  image  formed  by  the  objective  (object  for  the  eyepiece)  is  its  height  divided  by  its  distance  from  the 
objective. 

0.0190  m 

Execute:  The  angular  mzc  of  the  otycct  for  the  eyepiece  is  0 0.0200  rad. 


1.9541  m 


(Note  that  this  is  also  the  angular  size  of  the  object  for  the  objective:  0 - 


60.0  m 


3.00*10'  m 


- 0.0200  rad.  I or  a thin  kns 


the  object  and  image  hive  the  sime  angular  si/e  aixl  the  image  of  the  objective  is  the  object  for  the  eyepiece.) 

M - <I:q.34.2 1)  so  the  angular  size  of  the  image  is  (7  - MO  - -<6.33X0.0200  rad  I - -0.127  rad  (The  minus 

sign  shows  that  the  final  image  is  inverted.) 

EVALUATE:  The  lateral  magnification  of  the  objective  rs  small:  the  image  it  forms  is  much  smaller  than  the 
object.  But  the  total  angular  magnification  is  larger  than  1 00.  the  angular  size  of  the  final  image  viewed  by  the  eye 
is  6.33  times  larger  than  the  angular  sac  of  the  original  object,  as  viewed  by  the  unaided  eye. 

IDLVIIFY:  The  angle  subtended  by  Saturn  with  the  naked  eye  is  tb:  same  as  tb:  angle  suhtcn&d  by  the  image  of 
Saturn  formed  by  tb:  objective  lens  (see  Fig.  34.53  in  tb:  textbook). 

diameter  of  Saturn  r 

SET  UP:  The  angle  subtended  by  Solum  is  0 - 


Execute:  Putting  in  the  numbers  gives  O - — 


instance  to  Saturn  /, 
1.7  mm  0.0017  m 


- 9.4  * IQ  rad- 0.0054 : 


/,  IK  m IK  m 

EVALUATE:  The  angle  subtended  by  the  final  image,  fomx-d  by  the  eyepiece,  would  he  nixh  larger  than  0.0054 

Identify:  / = R.  2 and  M = — . 

fi 

SET  UP:  For  object  and  image  both  at  infinity,  /,  + f1  equals  the  distance  J between  the  two  minors. 

£«  1.10  cm.  ft  = 1.30 m 


Execute: 

<b> 

Evaluate: 


I)  /;  - !L  - 0.650  BDtf  - 1\  - I:  ^ 0.661  m. 

«650m  59l 
0.011m 

For  a telescope.  fx  » . 
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34.62. 


IDEM  iv\:  *Hc  primary  mirror  fotmx  an  image  which  then  acts  ax  the  object  fi*  the  sccoodary  minor. 

SET  UP:  The  equation  relating  the  object  ami  image  dixtanrex  to  the  focal  length  of  a spherical  mirror  ix 
1 1 I 

-t  — - — 

* .<  / 

Execute:  Tor  the  first  lmige  (formed  by  the  primary  minor): 

i + i-  ir-oi-  - — — - — =>  .v  = 2.5  m . 
a f .s'  2.5  m » 

For  the  second  image  (formed  by  the  xecondary  mirror),  the  distance  between  the  two  vertices  is  v.  Assuming  that 
the  image  fornxd  by  the  primary  mirror  k to  the  nght  of  the  secondary  minor,  the  object  distance  ix  v - x - 2.5  m 
and  the  image  distance  is  s'  -x  ♦ 0.15  m.  There  fere  we  have 

111  1 1 1 


XX/  x- 2.5  m .Y-f  0.15m  -1.5  m 

The  positive  root  of  the  quidratic  cquition  gives  x - 1.7  m.  which  ix  the  distance  between  the  vertices. 
Evaluate:  Som:  light  ix  blocked  by  the  secondary  mirror,  but  usually  not  enough  to  make  much  ditYcrencc. 

d\ 


♦4.0 1 . IDLN I it  \ and  M 1 1 P: 


for  a plane  minor  a - -f.  i - — and  v so  v - -v. 

dt  dl 


EXECUTE:  The  velocities  of  Ihc  reject  and  image  relative  to  the  minor  are  equal  in  magnitude  and  opposite  in 

direction.  Thus  both  you  and  your  image  arc  receding  from  the  minor  .surface  ax  2.40  m s in  opposite  directions. 
Your  image  ix  therefore  moving  at  4.80  m s relative  to  you. 

Evaluate:  The  result  dnivex  from  the  fact  that  fee  a plane  minor  the  image  ix  the  wmc  distance  behind  the 
mirror  as  the  object  is  in  front  of  the  mime. 

IDENTIFY:  Apply  the  law  of  reflection. 

SLT  L’P:  The  image  of  one  minor  can  serve  ax  the  object  for  (he  other  minor. 

Execute:  (a)  There  arc  three  images  formed,  as  shown  in  Figure  34.62a. 

(b)  The  paths  of  rays  for  each  image  are  sketched  in  Figure  34.62b. 

Evaluate:  Our  results  agree  with  Figure  34.9  in  the  textbook. 


(»> 


34.63.  IDENTIFY:  Apply  the  law*  of  refleeticei  for  rays  from  the  feet  to  the  eyes  and  from  the  top  of  the  head  to  the  e>es. 
SET  Up:  In  F'igurc  34.63,  ray  1 travels  from  the  feet  of  the  woman  to  her  eves  and  ray  2 travels  from  the  top  of 
her  head  to  her  eyes.  The  total  height  of  the  woman  ix  h. 

Execute:  The  two  angles  labeled  are  equal  because  of  the  law  of  reflection,  as  are  the  two  angles  labeled 

0. . Since  these  angles  are  equal,  the  two  distances  labeled  v(  arc  equal  and  the  two  drstanccs  labeled  i\  are  equal 
The  height  of  the  woman  is  h i%  - 2v,  + 2y, . Ax  the  draw  ing  shows,  the  height  of  the  mirra  is  - yx  r . 
Comparing,  we  find  thit  hm  - h ^ .'  2 . The  minimum  height  required  is  half  the  height  of  the  woman. 
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EVALUATE:  The  height  of  the  irmgc  is  the  Jiime  as  the  bright  of  the  woman,  so  the  height  of  the  image  is  twice 
the  height  of  the  mirror. 


34.w.  Identify:  Apply  ir  — - — and  « = -— . 

A'  R X 


Mirror 


SET  L7P:  Since  the  image  is  projected  onto  the  wall  it  is  real  and  .%'  > 0 . m = - — so  m is  negative  and 
rr  - -2.25 . The  object  mirror  and  wall  are  sketched  in  Figure  34.64.  The  sketch  shows  that  /* -s  - 4X1  cm 

Execute:  m - -2.25  - - — and  s'  - 2.25s . /’-/  - 2.25/ -/  - 400  cm  and  / - 320  cm  . 

s 

x - 400  cm  - 320  cm  - 720  cm . The  mirror  should  be  7.20  m from  the  wall,  it  — -— 


s s R 320  cm  720  cm  R 

R = 4.43  m. 

Evaluate:  The  focal  length  of  the  mirror  is  f - R:  2 - 222  cm  s> /,  as  it  must  if  the  image  is  to  be  real 


Wall 


34.65.  IDENTIFY:  We  arc  given  the  image  distance,  th:  image  height,  and  the  object  height.  Use  Fq.<34.7)  to  calculate 
the  object  distance  /.Then  use  I:q.<34  4|  to  calculate  R 

(a)  SEI  UP:  Image  is  to  he  formed  on  screen  so  is  real  image;  .s'  > 0.  Mirror  to  screen  distance  is  S.OO  m.  so 

/’  - tSOO  cm.  m — - — < 0 since  both  / and  s'  arc  positive. 

/ 
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.14.66. 


.14.67. 


.14.68. 


.14.69. 


EXECUTE:  M - llJ  — — ^ L 60.0  and  tn  - -60.0.  Then  - -i  givr*  x = — — =•  -m)  cm  -z  + 13.3  cm 

11  i 0.600  cm  s m -60.0 


1 I 2 2 .v  + .s' 

W-+-r--r»*>-r- — r 

s a R R is 


f r A 

- T - 


(UJcmMSOOcml  , 

- ' - 26.2  cm 

DO  cm  -t  13.3  cm 


EVALUATE:  R is  calculated  to  be  positive,  which  is  correct  for  a concave  mirror.  Also,  in  part  la)  s is  calculated 
to  be  positive.  as  it  should  be  for  a real  object. 

I DEMISE : Apply  — r — to  calculate  s'  and  then  use  m - - —to  find  the  height  of  the  irrage. 

x x f s y 

SET  Up:  For  a convex  mirror.  R < 0.  so  R - -18.0  cm  and  / = ^-  -9.00  cm 

E«c„,e:  <.,i+±-±.  11300 anK-9.0° an)  UnW*. 

% * f X-  f 1300  cm -(-9.00  cm)  .v  1300  cm 

|r'| _ 1 1| r -■  (6.8Sx  10  ;)(l .5  m)  ^ 0.0103  m - 1.03  cm. 

(b)  The  height  of  the  image  is  nux*h  less  than  the  bright  of  the  car.  so  the  car  appears  to  be  farther  away  than  its 
actual  distance. 

EVALUATE:  The  image  formed  by  a convex  minor  is  always  virtual  and  smaller  than  the  object. 

112  f 

iDEMlfrY:  Apply  — r — and  m - . 

x x R x 

SETUP:  £ = + 19.4  cm. 


Execute:  (a)  - + — - — 


|b>  

.r 


x x R 8.0  cm  s 19.4  cm 
-46 


t - -46  cm.  so  the  image  is  virtual. 


5. 


the  mage  k erect,  and  its  height  is  v - (>.Ktv  - 1 5.K)f>.0  mm  I - 29  mm. 


Evaluate:  (c)  When  the  fibment  is  K cm  then  tlic  mirror,  the  image  is  virtual  and  cannrt  be  projected  onto  a wall. 

I DEMISE : Combine  — 1 1 — and  m - - — 

* .s'  R x 

SETUP : m = -2.50.  R? 0. 


Execute:  m = -—  -+2.5G.  a'*  -2.50a  - 


— — . land,,  0.300*. 

r -250.v  R x R 


% = -2.50r  - (-2.50X0.300 /?)  - -0.750/?.  The  object  is  a distarec  of  0.300 R in  front  of  the  mirror  and  the  image 
is  a distance  of  0.750/?  tvhind  the  mirror. 

EVALUATE:  For  a single  mirror  an  erect  image  is  always  virtual. 

iDEVnFV  and  SET  UK  Apply  Kqs.f  34.6|  and  (34.7).  For  a virtual  object  x < 0.  Tbe  image  is  real  if  .s'  > 0. 

Execute:  (a)  Convex  implies  R < 0.  R - -24.0  cm; / - R 1 2 - - 1 2.0  cm 

111  Ills-/ 

— - , so — 

V s’  / .s'  / * sf 

. xj  <-12.0  cm)v 
x- f i + 12.0  cm 

* rs  neuahve.  so  write  as 


. f (12.0  cm)|f| 

% - -lil;  .v  - + U\.  Thus  x > 0 (real  image)  for  M<  12.0  cm.  Since  v is  negative 

I2.0cm-|s| 


this  nx*ans  - 1 2.0  cm  < x < 0.  A real  image  is  fixrrcd  if  the  virtual  ohvet  ts  closer  to  the  miner  than  the  focus. 


(b)  m - : real  image  implies  s*  >0;  virtual  object  implies  s <0.  Thus  «>0  and  the  image  is  erect. 

.v 
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34.70. 


34.71. 


34.72. 


(O  The  principal -ray  diagram  is  nivcn  in  Figure  34.69. 


Figure  34.69 

EVALUATE:  For  a real  object,  only  virtual  images  arc  formed  by  a convex  mirror.  The  virtual  object  considered 
in  this,  problem  must  have  been  produced  by  son*:  other  opt»:al  element,  by  another  lens  <»r  mirror  in  addition  to 
the  convex  one  we  considered. 

Idem  it Y : Apply  — • % - - — . with  R -+*>  since  the  surfaces  arc  tlat. 

x x R 

SET  LtP:  The  image  formed  by  the  first  interface  serves  as  the  object  for  the  second  interface. 

EXECUTE:  For  the  water-benzene  interfare  to  get  the  apparent  water  depth: 

i+i-0 

s f 


s - -7.3  > era. 


6.50  cm  s' 

For  the  benzene -air  inter  fare,  to  get  the  total  apparent  distance  to  the  bottom: 


s s' 


1.50 


( 7.33  cm  ♦ 2.60  cm  I s' 


EVALUATE:  At  the  water-benzene  interface  the  light  retracts  into  material  of  greater  refractive  index  and  the 
overall  effect  is  that  the  apparent  depth  is  greater  than  the  actual  depth. 

IDENTIFY : The  focal  length  is  given  by  -L  = («  - 1 ||  — - -L  | 

/ v Ri ) 

SET  UP:  Rx  - ±4.0  cm  or  ±8.0  cm . R , - ±8.0  cm  or  ±4.0  cm . The  sign*  are  determined  by  the  location  of  th: 

center  of  curvature  for  each  surface. 


EXEC  UTE: - (0.60) 

f t ±4.0)  cm  ±8.00 


so  f - ±4.44  cm  ± 13.3  cm.  The  possible  lens  shapes  are 


sketched  in  Figure  34.71. 

/ = * 1 3.3  cm;  f3  - *4.44  cm;  J\  - 4.44  cm;  f4  — — 1 3.3  cm:  fs  = - 1 3.3  cm;  = * 1 3.3  cm; 
f7  m —4.44  cm;  /,  = -4.44  cm. 

Evaluate:  /is  the  same  whether  the  light  travels  through  the  kns  from  right  to  left  or  left  to  righL  so  fc>r  the 
pairs  (1.6 1.  (4.5 ) and  (7.81  the  focal  lengths  are  the  same 


IDENTITY:  Apply  J.  - -L  - -L  and  the  concept  of  principal  rays, 
s s’  / 

SET  UP:  x — 10.0  cm  . If  extended  barkwanit  the  ray  comes  from  a point  on  the  optic  axis  18.0  cm  from  the  lens 

and  the  ray  is  parallel  to  the  optic  axes  after  it  pastes  through  the  lens. 

Execute:  (a)  The  ray  is  bent  toward  tbc  opt*:  axis  by  the  km  so  the  lens  is  converging. 

(b)  The  ray  is  parallel  to  the  optic  axis  after  it  passes  through  the  lens  so  it  comes  from  the  focal  paint: 

/* 18.0  cm . 
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34.73. 


34.74. 


34.75. 


(cl  The  principil  ray  diagram  is  drawn  xn  Figure  34.72.  The  diagram  shows  that  the  image  is  22.5  cm  to  the  left  of 
the  lens. 

.Ill  , if  (10.0  cmXl&.O  cm)  „ _ _ t t . . . . . 

(<l > — t — gives  t ■ -22.5  cm  . the  calculated  image  position  agrees  with  the 

s s ) s-f  I0.0cm-I8.0cm  ^ 1 ^ 

principal  ray  diagram 

Evaluate:  The  imigc  rs  virtual.  A converting  lens  produces  a virtual  mxigc  when  the  object  rs  inside  th:  focal  point. 


lut.viih : Since  the  truck  is  moving  toward  the  mirror,  its  image  will  also  be  moving  toward  the  mim>r. 

SET  UP:  The  equation  relating  the  object  and  image  distarees  to  the  focal  length  of  a sphencal  mirror  is 

— - — . where  f - R'2. 

* * / 

EXEC  UTE:  Since  the  minor  is  convex. /•  RS2  — (-1.50  m>2  - 0.75  m.  Applying  th:  equation  for  a spherxal 

111  . f* 

mirror  gives  — + — ^ s 

s s f l~f 

, ds'  ds'  ds  f" 

Using  the  chain  rule  frtm  calculus  and  the  fad  that  r - dx'dt*  we  hive  i ; v 

dt  ds  dt  Us-fY 


Scilv 


f ’(  a~f't  ..  . ..f  2.0  m - (-0.75m);- 

nsfoM  g'vc,  v-d_l  - 


20  2 nvs 


Tlus  is  tlie  velocity  of  the  truck  relative  to  the  minor,  so  the  truck  is  approaching  the  mirror  at  20.2  m's.  You  are 
traveling  at  25  m's.  so  the  truck  must  he  traveling  at  25  m's  ♦ 20.2  m's  - 45  nvs  relative  to  the  highway. 
Evaluate:  Even  though  the  truck  and  car  arc  moving  at  constant  speed,  the  image  of  the  truck  is  noi  moving  at 
constant  speed  because  its  location  depends  on  the  distance  from  the  mine*  to  the  truck. 

iDt.vlltY : In  this  context,  the  microscope  just  look*  at  an  image  or  object.  Apply  — * — - Oto  the  inugc 

s s' 

formed  by  refractxm  at  the  top  surface  of  the  second  plate.  In  thrs  calculation  the  objod  is  the  bottom  surface  of  the 
second  plate. 

SET  UP:  The  thickness  of  the  sccood  plate  is  2.50  nm  r 0.78  mm  . and  this  is  s.  Th:  image  is  2.50  mm  below 
the  top  surface,  so  x'  - -2.50  mm  . 

i 2.50  mm  1-0.780 

-0=>«  - 

.f  .s'  s' 


Execute:  i!i--^L-Q=*-+i-o 


31. 


v i 


-2.5U  mm 


EVALUATE:  The  object  and  image  distances  arc  treasured  from  the  front  surface  of  th?  second  plate,  and  the 
image  is  virtual. 

iDf.MltY  and  SET  UK  In  part  (a)  use  — - — to  evaluate  ds  >ds  . Compare  to  m - - — In  part  (b)  use 

is/  i 

— - — to  find  the  location  of  the  image  of  each  face  of  th:  cube. 

x s R 

EXECUTE:  (a)  — -f  — and  taking  its  derivative  with  respect  to.s  we  have  0-—;  — + --- — * - — 

s x f ds  \ x x f)  s'  x ds 

ind -m  . Hut m . so  m — -m  linages  arc  always  inverted  longitudinally. 

ds  v*  dr 


(b>  (il  Front  face:  - 1 — - — 


i*  = 120.00  cm 


\ x R 200 .OX  cm  r 150.0Xcm 
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34.77. 


34.78. 


Rear  face:  -t--  — 
A s'  R 


s'  - 1 19.96  cm 


ZOO.  1 00  cm  r*  150.000  cm 


(ii>  m ^ - 1 _ - 1 _ -0.600.  m - -m3  ^ -(-0.600)*'  = -0.360. 
x 2 CO. 000  1 } 

(ni)  Tlx  two  faces  perpendicular  to  the  axis  (the  fremt  and  rear  faces):  squares  with  side  length  0.600  mm.  The 
four  faces  parallel  to  tlx  axis  (the  side  faces):  rectangles  with  sides  of  length  0.360  mm  parallel  to  the  axis  and 
0.^00  iron  perpendicular  lo  the  axis. 

EVALUATE:  Siixc  the  lateral  and  longitudinal  imgnifications  have  dilTerent  values  the  image  of  the  cube  is  not  a cube 

IDENTIFY:  mr  = rfr'-dvand  m - -2lL 

V 

SET  UP:  Use  ^ ♦ ill  "llli  to  evaluate  dx'fds. 

I 

- and  taking  its  derivative  with  respect  to  .v  we  have 


Execute:  ^ 

X 

s 

0,±<!±r* 

n%  -it. 

dA  \ X s 

R 

11, .1  * 

dt 

it.  n%  ds' 
s'  s'  dt 


77 


n‘ 

-j — r m — 

r iik  ;i  n 


EVALUATE:  ni*  is  always  negative.  This  means  that  mxiges  are  always  inverted  kmihtudinallv. 


iDi.VlIFY  and  SET  UK  Rays  that  pass  through  the  hole  arc  undeflccted  All  other  rays  are  blocked,  m - . 

s 

EXECUTE:  (a)  The  rav  diagram  is  drawn  in  Figure  34.77.  The  rav  shown  is  the  only  ray  from  the  top  of  the  object 
that  reaches  tlx  film,  so  this  ray  passes  through  the  top  of  the  image.  An  inverted  image  is  formed  on  the  far  side 
of  the  box.  no  matter  how  far  this  side  is  from  the  pinhole  and  no  matter  how  far  the  object  k from  the  pinhole. 

, / 20.0  cm  . 

(b)  a = 1.5  m.  x = 20.0  cm.  m - - -0.133.  y -«iv  -(-<).  133*18  cm)  = -2.4  cm.  The  xmigc  is 

x 1 50  cm 

2.4  cm  tall. 

EVALUATE:  a defect  of  this  camera  is  that  not  much  light  energy  passes  through  the  small  hole  each  second,  so 
lone  exposure  times  arc  required. 


iDt.Min : Apply  — - - — and  iw  — — to  each  retraction.  Tlx  overall  magnification  is  m - w ,m3. 

x a'  R 

Set  Up:  For  the  first  refraction,  R - r6.0  cm.  it.  - 1 .tti  and  n%  - 1.60.  I or  tlx  second  refraction.  R - -12.0  cm 

« =1.60  and  ;ja  = 1.00. 

Execute:  (a)  The  image  from  the  left  end  acts  as  the  object  for  the  right  end  of  the  rod. 

a = 28.3  cm. 


(b>  — 

.V  A R 


2?  " 


60  0.60 


6.0  cm 


So  the  second  object  dwtance  is  x _ 40.0  cm  - 28.3  cm  - 1 1.7  cm  m - -^—1  - 2^1 - -0.769. 

3 n„%  (l.60)(23.0) 

(c)  The  object  is  real  and  inverted. 


1 .60  1 


-0.60 


— 1 1 .5  cm. 


1 1.7  cm  -12.0  cm 


^^>'-.■51,5^- 

n%A  11.7 

(e)  The  final  image  is  virtuil.  and  inverted 


01,111*  = | -0.769)(  1.57)  = -1.21. 
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real  object  for  the  second  surface. 


(0  y»(1.50  mn|(-l.2l)  >-1.82  mm. 

Evaluate:  The  first  image  is  to  the  left  of  the  second  surface,  so  it  serves 
with  positive  object  distance. 

IDENTIFY : Apply  Eqs.(34. 1 1)  and  (34. 1 2)  to  the  refraction  as  the  light  enters  the  rod  and  as  it  leaves  the  rod.  The 
image  fornxd  by  the  first  surface  serves  as  the  object  for  the  second  surface.  The  total  magnification  is 
m\A  where  m,  and  m,  arc  the  magnifications  for  each  surface. 

SET  L’P:  Hvc  object  and  rod  are  shown  in  figure  34.79. 

rertvni*  R * - -6C<K«r. 

tndcs  ll»  


V.  - -U0e« 


SKi 


n:fr>d 


f i 


r«fru.<i%V 

KikV 


Figure  34.79 

(a)  image  formed  by  refraction  at  first  surface  (left  end  of  rod): 
s = *23.0  on. * >1.00;  n(  >1.60;  R*  +6.00  cm 

x 


x K 
Execute:  - 
1.60 


60  1.60-1. 


23.0  cm 


6.00  cm 


23-10 


.3 


s'  10.0  cm  23.0  cm  230  cm  230  cm 

,-aiW“®£2 


% ^ -+28.3  cm;  image  is  28.3  cm  to  right  of  first  vertex. 

Tlus  image  serves  as  the  object  for  the  rcfractim  at  the  second  surface  (righl*hand  end  of  rod).  It  is 
28.3  cm  - 25.0  cm  - 3.3  cm  to  the  right  of  the  second  vertex,  for  the  second  surface  x = -3.3  cm  (virtual  object). 

(b)  EVALUATE:  Object  is  on  side  of  outgoing  light  so  is  a virtual  object. 

(c)  SET  L’P:  Image  feemed  by  refraction  at  second  surface  (right  end  of  rod): 
i = -3.3  cm;  n = 1.60,  ns  -1.00.  R = -12.0  cm 


- a 


M 


LOO  1 .00  - 1 .60 


Execute: 

-3.3  cm  -12.0  cm 

t - + 1 .9  cm;  t > 0 so  image  is  1 .9  cm  to  right  of  vertex  at  nght*hand  end  of  rod. 
(d)  .<’>0  so  final  image  is  real. 

Magnification  for  first  surface: 
itV  (I.60X+28.3  cm) 


- -0.769 


nhi  I LOOK +23.0  cm  l 

Magnification  for  second  surface: 
_(I.60X+-L9cm> 
nti 


- *0.92 


(1.00X~3.3  cm) 

The  overall  magnification  is  - mtm:  >(-0.769K+0.92)  = -0.71  mtA  <0  so  final  image  is  inverted  with  respeci 
to  the  original  object. 

(e)  >*'  > mk4  v =(-0.71X1.50  mm)  > -1.06  mm 
The  final  image  has  a height  of  1.06  mm. 

Evaluate:  The  two  retracting  surfaces  are  not  close  together  and  Lq.(34.18)docs  not  apply. 

IDEVIIFY : Apply  — * — and  m . The  type  of  lens  iktcrmincs  the  sign  of/.  Th:  sign  of 

xx  f y % 

t'  determines  whether  the  image  is  real  or  virtual. 

SET  Up:  s - -+S.0O  cm  . s'  - -3.(»  cm  . s'  is  negative  because  the  image  is  on  the  win:  side  of  th:  kits  as  the 

object. 

I s+J  sx'  (8.00  cm)(-3.00  cm) 


EXECUTE:  (a) 

/ ** 

diverging. 


irxl  / - 


v r a7  8.00  cm  - 3.00  cm 


- -4.80  cm  . / is  negative  so  the  lens  is 
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< b ) m - - — - - — 11  UI*.  ■ tO.375  . y - my  - (0.375)(6.50  mm)  = 2.44  mm  . s'  <0  are!  the  imigc  is  virtual. 
x 8.00  cm 

Evaluate:  A converging  lent  can  also  form  a v irtual  image,  if  the  object  distance  is  less  than  tbc  focal  length. 
Hut  in  that  caw  lt'1  > x and  the  image  would  be  farther  from  the  lens  than  the  object  it. 


Ill  . Vs'  , 

IDEM  n\  : — + — . The  type  of  lens  ctaermitvs  the  sign  of f.  m - - — - Tbc  sign  of  v depends  on 

x s ( vs 


whether  the  image  is  real  or  virtual,  x = 16.0  cm  . 

SET  UP:  x - -22.0  cm  ; s'  is  negative  because  the  image  it  on  the  same  side  of  the  lent  as  the  ctojcct. 

Execute:  (at  — - — - and  / — ‘ |f  1 -1-  * " c,11>  +5R.7  cm . fXi  positive  to  the  lent  is  converging 

/ ssT  s + J 16.0  cm -22.0  cm 


lb) 


-22.0  cm 


- 1 .38 . v*  - niv  - (1  .3SX3.25  mm)  - 4.48  mm . s' < 0 and  the  lmiec  is  virtual. 


x 1 6.0  cm 

Evaluate:  A converging  lent  formt  a virtual  iinaee  when  tbc  object  is  cloter  to  the  lens  tbin  the  fixal  point 


l.*te  the  image  distance  when  viewed  from  tbc  flat  end  to  determine  the 


I DEV T1FY : Apply  -----  — — 
x s R 
refractive  index  n of  the  rod. 

SET  L’P:  When  viewing  from  the  Hat  end.  n - rr  . - 1.00  and  /?  -»  * 3 . When  viewing  from  the  curved  end. 

n - it , - 1 .00  and  R - - 10  0 cm  . 


Execute: 

.V  S 


» n.  nk  ~ 

rod  — ^ — i 

x R 


15.0  cm 

1 I- 
— — — 

.s' 


-9.50  cm 

158 


15.0 

950 

-0.58 


- 1 .58.  When  viewed  from  the  curved  etui  of  the 


I 

15.0  cm  s'  -1 0.0  cm 


. and  t - -2 1 . 1 cm  . The  image  is  2 1 . 


an 


.v  .v  R 

within  the  rod  from  the  curved  end. 

Evaluate:  In  each  case  tbc  image  is  virtual  and  cm  the  xanx  tide  of  the  surface  as  the  object. 

(a)  IDE.MIEV:  Apply  Snell’s  law  to  tbc  refraction  of  a ray  at  each  side  of  the  beam  to  find  where  these  rays  strike 
the  table. 

Set  Up: 


The  width  of  the  incident  beam  is  exaggerated  in  the  skcich.  to  make  it  easier  to  draw.  Smcc  the  diameter  of  tbc 
beam  is  much  lest  than  tbc  rxlius  of  the  hemisphere,  angles  and  0%  arc  tmall.  The  diameter  of  the  circle  of 


light  formed  on  tlx  table  it  2.r.  Note  tbc  two  nght  triangles  containing  the  angles  0A  and  0% 
r - 0. 190  cm  is  the  radius  of  the  incident  beam 
R - 12.0  cm  is  the  radius  of  tbc  glass  hemisphere. 

Execute:  0 , and  0%  small  imply  x*x  \ tin  0 - — . xin0*  - — *-l 

R R R 


Snell's  law:  n un  0 =n .sin/?. 

* •»  * a 


Uwng  tbc  above  expressions  for  sin0  and  sin 0S  gives  nt — 

R R 

nr  1.00(0.190 cm)  _ 

n r - n„x  so  x — : -0.126;  cm 

n>  1.50 

The  diameter  of  the  circle  on  the  table  is  2x  - 2<0.1267  cm)  -0.253  cm 

<l>)  EVALUATE:  R divides  out  of  the  expression:  the  result  for  the  dumeter  of  the  spot  is  indrpendent  of  tbc  radius  R 
of  the  hemisphere.  It  depends  only  cm  the  diameter  of  the  incident  beam  and  the  index  of  refraction  of  the  glass. 
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Idem  it Y and  SET  UP:  Treating  each  of  the  goblet  surfaces  a*  spherical  surfaces,  we  have  to  pass.  fr*>m  left  to 

right*  through  four  interlaces.  Apply  — * —7 to  each  surface  The  image  formed  by  00c  surface  serves  as 

s x R 

the  object  for  the  next  surface. 

Execute:  (a)  For  the  empty  goblet: 

^ *k. 

5 a'  R 


1 1.50  0.50  . ... 

— r ^ * - 1 2 cm. 

w s'  4.00  cm  1 


f - 0.60  cm  - 12  cm  - -11.4  cm 


r.  - 64.6  cm + 6.80  cm  - 71.4  cm 


r - 9.3 1 cm  + 0.60  cm  - 9.9 1 cm 


SQ  1 -0.50 


- 1 1 .4  cm  .<  3.40  cm 
I 1 .50  0.50 


s'  - -64.6  cm. 


s'  - -9.31cm. 


71.4  cm  ^ -3.40  cm 

1.50  l -0.50 


9.9  era  a 4.00  cm 


r*  - -37.9  cm.  The  final  image  is 


37.9  cm  - 2(4.0  cm  ) = 29.9  cm  to  the  left  of  the  goMet. 
(b)  For  the  w ine- filled  goMet 


n.  n*  “ n. 


x J 


1.50  0.50 


1! » 1 2 an . 


V 4 .(10  cm 


r*  - 0.60  cm  - 1 2 cm  - - 1 1 .4  cm 
r.  - 6. SO  cm  - 14.7  cm  - -7.9  cm 


50  1.37  -0.13 


-11.4cm  3.40  cm 

1.37  1.50  0.13 


r.  - 0.60cm  - I i.l  cm  - -10.5  cm  -= 


-7.9  cm  j,  -3.40  cm 

1.50  1 -41.50 


~ — 

-10.5  cm 


*1  =14.7  cm. 
s\  * 1 1 . 1 cm. 

s\  =3.73  cm  . The  final  image  is  3.73  cm  to  the 


. ;u 


right  of  the  goMet. 

EVALUATE:  If  the  object  for  a surfarc  is  on  the  outgoing  side  of  the  light,  then  the  object  is  virtual  and  the  object 
distanre  is  nc&itivc. 

IDEM1PY:  TTic  image  formed  by  rcfracticei  at  the  surface  of  the  eyv  is  located  by  — • - — . 

s a’  R 


- 0.500  and  /’  - 2.70  cm  - 27.0  mm  . The 


SET  UP:  11^  - 1 .X . ns  = 1 .35  . R > 0 . For  a distant  object,  v » « and  - a 0 . 

s 

EXECUTE:  (a)  and  1 = 2.5  cm  : — - — - — and  R - 0.64S  cm  - 6.48  mm  . 

2.5  cm  R 

1.00  1.35  1.35-1.00  1.35 

(b)  R -0.64S  cm  and  x = 25  cm  : 1 — ; 

25  cm  x 0.64S  / 

image  is  formed  behind  the  retina. 

(c) Calculitc  s'  for  s * x and  R = 0.50  cm  : • - — - — - — s’  = 1.93  cm  = 19.3  mm  . The  itnacc  is  formed  11 

.s'  0.50  cm 

front  of  the  retina. 

EVALUATE:  The  comca  alone  cannot  achiev  e focus  of  both  close  and  distant  objects. 

Idem  it Y : Apply  — • — - — — - and  m - - — — to  each  surface.  The  overall  migmficaticn  is  m - mtm3 . The 

xx  R n^x 

image  formed  by  the  first  surface  is  the  object  for  the  sccceid  surface. 

SET  Up:  For  the  first  surface.  n 1,  = 1.00.  it,  - 1.60  and  R = +15.0  cm . For  the  second  surface.  nm  - l .60. 

11  = 1.00  and  /?=-»c. 


Execute:  <.)  

A .s'  R 12.0  cm  .y'  15.0  cm 


*’  = -36.9  cm  Th:  object  distanre  for  the  far  erxl 


of  the  nxl  is  50.0  cm  - (-36.9  cm)  = 86.9  cm.  The  final  image  is  4.3  cm  to  the  left  of  the  vertex  of  the 


_ it  n 17-11  1.60 

hemispherical  surface.  — • — - — : - 

s a R 86.9  cm  a 


— 0 a = -54.3  cm. 


(b)  The  magniticalKHi  is  the  product  of  th:  two  magnifications: 

w - - = I 1 .92.  irr.  = 1 .00=>  w = m/Us  - 1 .92. 

V (160X120) 

EVALUATE:  The  final  imnuc  is  virtual,  erect  and  larger  than  the  object 


Geometric  Optics  34*2$ 


VI. 87.  IDE  vim:  Apply  EqX34. 1 1 ) to  th:  image  formed  by  refraction  at  the  front  surface  of  the  xphere. 

Si:r  Up:  Let  nf  be  the  index  of  refraction  »>f  the  glass.  The  image  formation  is  shown  in  Figure  34.S7. 

x = w 


x'  - +2r.  where  r ix  the 
radius  of  the  sphere 
nm  - 1 .00.  uA  - it  , R - +r 


!L  ~ n. 

X A*  R 

_ 1 nf  nf  - 1 .00 

Execute:  _t  — 

n lr  r 


±='±-L-  — - — and,,  =2.00 


2r  r r 2r  r 

EVALUATE:  The  required  refrartive  index  of  the  glass  does  not  depend  on  the  radius  of  the  sphere. 

IDENTIFY:  Apply  — • — 7 — 1 - to  each  surface.  The  image  of  the  first  surfare  ix  th:  object  for  the  second 

xx  R 

surface.  The  rclatxm  between  and  x:  involves  the  length  d of  the  rod. 

SET  UP:  For  the  first  surface.  «,  - 1 .CO . n(  - 1.55  and  R - +6.00  cm  For  the  second  surface,  n 4 = 1.5 5 , 
nt  = 1 .00  and  R - -6.00  cm  . 

EXECUTE:  We  have  images  formed  from  both  ends.  From  the  first  surface: 


^ *t  - ”>  - n. 

.v  .s'  R 


55  G.5S 


25.0  cm 


6.00  cm 


s'  = 30.0  cm. 


1.55 


-0.55 


This  iinacc  becomes  the  obsect  for  the  second  end  — + — — -> . 

x s'  R d-  30.0cm  65.0  cm  -6.00em 

d - 30.0  cm  - 20.3  cm=>rf  = 50.3  cm. 

Evaluate:  The  final  image  is  real.  The  first  image  is  20.3  cm  to  the  right  of  the  second  surface  and  serves  as  a 
real  object. 

34.89.  lut.Min : Tlic  first  lens  forms  an  image  which  then  acts  as  the  object  for  the  second  lens. 

SET  UP:  The  thin  lens  cuualxm  is  — + — and  the  magnification  is  m - . 

x x / j 


Execute:  (a)  For  the  first  lens:  ! + -!-  = —=> ! ^ -L ! 

x x f 500  cm  x -15.0  cm 

(virtual  image). 

(b)  For  the  second  lens,  x - 12.0  cm  3.75  cm  - 15.75  cm. 

Ill  1 1 1 


s = -3.75  cm  , to  the  left  of  the  lens 


t = 3 1 5 cm . or  332  cm  from  th:  obicct 


x x f 15.75  cm  x 15.0  cm 
(c)  The  final  image  is  real. 

(d>  «?  = -—.  /f\  = 0.750,  in  = -20.0,  m„j  = -15.0  o y - -6.00  cm.  inverted. 
x 

EVALUATE:  Note  thit  the  tout  magnification  ix  the  pnxluct  of  the  individual  magnifications. 

34.90.  IDENTIFY  and  SET  Use  -L  = (i? - 1 -L--L  | to  calculate  th:  focal  length  of  the  lenses.  The  image  formed 

/ & & ) 

111.  if 

by  the  first  lens  serves  at  the  ob:cct  fee  th:  second  lens.  m. . - mm..  — + gives  .s' — 

XX'/  x-/ 

Execute:  (a)  — - (0.60)1 ! and  / - +35.0  cm. 

/ v 12.0  cm  28.0  cm/ 

Lens  I : / = +35.0  cm.  x = *45.0  cm.  - . %IA-  - < ^ 0 CIw:<  }$0  cm>  = +15S  cm. 

1 x -/  45  0cm  -.35.0  cm 


= -3.51.  Ir.r 


158  cm 

m%  x,  45.0  cm 
to  the  right  of  lens  1 aixl  is  17.6  mm  tall. 


lui,|r  - f3.5lK5.IXl  mm)  - 17.6  mm.  The  image  of  the  first  lens  is  I5K  cm 
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34.91. 


(Ii>  The  image  of  lent  lb  315  cm  - 158  cm  - 157  cm  Id  \\k  left  of  lent  2.  / j = t35.0  cm.  x 
r x f\  (l57cmK35.0cm»  i/  45.0  cm 


tI57  cm. 


= t45.Qcm.  m.--—  -- 


-0.287. 


Xs  - fs  157  cm  - 35.0  cm  s2  1 5 > cm 

m%A  - 111,11,  - (-3.51)1-0.287)  = +1.00.  The  final  image  is  45.0  cm  to  the  right  of  kmx  2.  The  final  image  is  5.00 
mm  tall.  mk4  >0  . So  the  final  image  ix  erect. 

Evaluate:  The  final  image  ix  real.  It  k erect  because  each  km  produces  an  inversion  of  the  iimge.  and  two 
inversions  return  the  image  to  the  orientation  of  the  object. 

IDEN’IIEY  and  SET  LTF:  Apply  Eq.(34.l6)  for  each  lens  position.  The  lens  to  screen  distance  in  each  case  is  the 
image  dixiance.  Thnc  are  two  unknowns  the  original  object  distance  v and  the  focal  length  /of  the  lens.  But  each 
lens  positKin  gives  an  equation,  xo  there  are  two  equations  for  these  two  unknowns.  The  object,  lens  and  screen 
before  and  after  tlv  lens  rs  moved  are  shown  in  figure  34.91. 


i , 

>cirrn 

•mi  gx 

• 

«*>“  ' 

IT 

' LOJUo.  220  on  « . 

■ . 

aii)c« 

i 

Figu 

re  34.91 

t - a:  .s'  - 30.0  cm 


II  I 

V7~J 

i i 


30.0  cm 


r - x t 4.00  cm;  s - 22.0  cm 

1 


111. 

— --T*1*** 
v s'  i 


it  4.03  cm  22.0  cm 


Execute: 

1 1 


liquate  these  two  expressions  for  !•/ 

i 1 


x 30.0  cm  x 1 4.0Q  cm 


22.0  cm 

l 


r xt  4.00  cm 

k 1 4.00  cm  - x 


22.0  cm  30.0  cm 
30.0-22.0 


i 


nd 


*\x  1 4.(Xl  cml  600  cm  x(x+4.00cm)  660  cm 

xi  t (4.00  cmjr - 330  cmf  -0  and  x^  i(-4.00 ± ^16.0 1 4<330)>  cm 

v must  be  positive  so  x - 1( -4.1X1 1 36.55)  cm  = 16.28  cm 


Then  - 

X 


= — and  2. 
/ / 


30.0  cm  / J 16228  cm  30.0  cm 
f - 1 10.55  cm.  w hich  rounds  to  10.6  cm.  f > 0:  the  Jens  ix  converging. 

EVALUATE:  We  can  check  that  x - 16.28  cm  and  / = 10.55  cm  gives  s'  - 30.0  cm  and  that 
s - (16.28 1 4.0)  cm  - 20.28  cm  and  / = 10.55  cm  gives  x'  = 22.0  cm 

n,-n 


34.92.  IDLMIFY  and  SET  It: 


Xpp.V  f rj 


EXECUTE:  (a)  i + * 

s s'  R f 9>  R n f'  R 
Therefore.  ^ = -4 

/ « r n r r r 

xx  R 1/  s R x x R R 

E VAI.I  ATE:  for  a thin  lens  the  first  and  secceid  focal  lengths  are  equal 
34.93.  (a)  IDENTIFY:  Use  l:q.(34.6l  to  locate  the  image  fornvd  by  each  mirror.  The  image  fornvd  by  the  first  minor 

serves  as  the  object  for  the  2nd  mirror. 


Geometric  Optics  34-2? 


SET  UP:  The  positions  of  the  object  and  the  two  mirrors  are  shown  in  Figure  34.93a. 
I 2 


|K|=0.360  m 

l/|  = |ff|, *2  = 0.180  m 


L = Otttt 


Figure  34.93a 

Execute:  Image  formed  by  convex  mirror  | minor  tU): 

convex  means  /,  - -0.180  m;  r,  = L - x 

U - >11 -0.1  HO  mi  ^ < 0 600  m j<0 

L -x^-O.lSO  m 1.0.780  m -x) 

The  image  it  (0.180  m||  " 111  ‘*] — I-  ! to  the  left  of  mirror  *1  so  is 
\ 0.780  m-x/ 


, 0.600  m - x 0.576  m*  -(0.780  miv  . - . 

0 6(Xl  m ♦ <0.1 80  in)  to  the  left  ot  ini 

0.780 m -x  0.780  m-x 


mirror  M2 


Image  formed  hv  concave  minor  (mirror  »2 
concave  implies  fs  - -tO.lSO  m 
0.576  m*- (0.780  mix 
0.780  m - .1 


Ravi  return  to  the  source  implies  s ..  = x.  Using  these  expressions  in  s%  = — gives 

0.576  m’ -(0.7*0  mil  (0.1*0  mi« 

0.7*0  m-.i  ,v- 0.1*0  m 


O.  /oU  m — T X — U.  I nu  m 

0.6011-'  - (0.576  mil  * 0. 1036*  m’  = 0 

x - — ! (0.576 1 J(0.576i;  -4(0.600*0.10368)  1 m = _i_(0.576  1 0.2*8)  m 

1.20  1.20 
x - 0.72  m (impossible;  can't  have  x >L  * 0.600  m)  or  x = 0.24  m. 

(b)  SET  Up:  Which  mirror  is  #1  and  which  is  #2  is  now  reversed  form  part  fa).  This  is  shown  in  Fiuurc  34.93h 


l - OMXrt 

Figure  34.93b 

Exec  UTE:  Image  formed  hv  concave  minor  (mirror  it  1 1: 

concav  e nxans  fx  = *0. 1 80  m:  x(  - x 
r,  r,/,  (0.180  mXv 

~.v,-/(  x -0.1 80  m 

The  image  is  -! — * V to  the  left  of  mirror  81,  so  x,  -0.600  m-  11,1 

x-0.180  m * x-0.1 

Image  formed  hv  convex  mirror  i mirror  n2 
convex  means  f3  = -0.1  SO  m 

rays  return  to  the  source  means  x\  = /.  - x = 0.600  m-x 

111. 

-r— givvs 

* * / 


U (0.420  mjv -0.1  SO  m 
m x-Q.ISQ  m 


(0.420  mlr- 0.180  m*  0.600  m-x  O.lSOm 


r- 0.180  m 


.780  m-x 


<0.420  m tr  - 0. 1 80  m*  \ 0. 1 SO  m'  - (0. 1 SO  m>v ) 

0.600a*  - (0.576  mix  * 0. 1 036  m J = 0 

This  is  the  same  quadratic  equation  as  obtained  in  ixut  fa),  so  again  x - 0.24  m. 
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34.94. 


34.95. 


Evaluate:  For  x - 0.24  m the  image  is  at  the  location  of  the  source,  both  foe  rays  that  initially  trawl  from  the 
source  toward  the  left  and  for  rays  that  trawl  from  the  source  toward  the  right. 

. fee  both  the  mirror  and  the  lens. 


Identify:  _ + _ - _ gives  .s'  =-  _ 
.r  i'  i s-f 


SET  UP:  For  the  sccood  image,  the  image  fomied  by  the  minor  serves  as  the  object  for  the  lens.  For  the  minor, 
fm  = +10.0  cm.  For  the  lens*  f — 32.0  cm.  The  center  of  curvature  of  the  mirror  is  li  - 2 fm  - 20.0  emto  the  right 
of  the  mirror  vertex. 

EXECUTE:  (a)  The  pcincipal'ray  diagrams  from  the  two  images  are  sketched  in  Figures  34.94a*b.  In  Figure 
34.94b,  only  the  image  formed  by  the  mirror  is  shown.  This  image  is  at  the  location  of  the  candle  so  the  principal 
ray  diagram  that  shows  the  image  formation  when  the  image  of  the  mirror  serves  as  the  object  for  th:  lens  is 
analogous  to  thit  m Figure  34.94a  and  is  not  drawn 

(b)  Image  formed  by  th:  light  that  passes  directly  through  the  lens:  The  candle  is  85.0  cm  to  th:  left  of  the  lens. 

, xf  (SS.OcmH32.6cm)  ^ y 
x-f  85.0  cm  - 32.0  cm 

the  lens.  ./  > 0 so  the  image  is  real.  mi  < 0 so  the  image  rs  inverted.  Image  fomied  by  the  light  that  first  reflects  off 
the  mirror.  First  consider  the  imauc  fornxd  In’  the  mirror.  The  candle  is  20.0  cm  to  the  nght  of  the  mirror,  so 


cm.  mi  - - -0.6IM . This  image  is  5 1 .3  cm  to  the  right  of 

* 85.0  on  * 


t - r20.0  cm . s — 


I20.0cmhl0.0cmt 


v-  ( 20.0  cm  -10.0  cm 


- 20  0 cm.  m - - - 


20.0  cm 
20.0  cm 


- -l.Xi.  The  image  farmed  tv 


the  mirror  is  at  the  location  of  the  candle,  so  x:  - +S5.0  ernand  x^  - 51 3 cm.  mi%  = -0.6IM.  mlA  - Mi,m5  - 
(-LOOK -<1.604  > - 0.604  . The  second  image  is  5 1.3  cm  to  the  right  of  the  lens,  s'  > 0.  so  the  final  image  is  real. 
mXA  > 0.  so  the  final  image  is  cro^. 

EVALUATE:  The  two  images  are  at  the  same  place.  They  arc  th:  same  si/e.  One  is  erect  and  ooc  is  inverted. 


(b) 

Figure  34.94 


. n /j  i».  —I 

iDEVim:  Anplv  — + -7  - — : 

\ & R 


L*ach  case. 

SET  UP:  s - 20.0  cm  R > 0 . Use  .s'  - +9. 1 2 cm  to  find  R.  For  this  cakulaiion.  n m = 1 .00  and  ns  = 1 .55  . Then 

repeat  the  caVrolaiion  with  na  - 1.33  . 

1.00  1.55  1.55-1.00  w __n 

t . R - 2.541  cm  . 


n it  -n  i.w  i.aa 

Execute:  — r-L-  — — l gives + 

s i R 20.0  cm  9.12  cm 
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34.%. 


34.97. 


1.33 


1.55  1.55-1.33 


rives  .vr  = -72.1  cm  . The  image  is  72. 1 cm  to  the  left  of  the  surface  vertex. 


Then  • 

20.0  cm  s 2.50  cm 
Evaluate:  With  the  rod  in  air  the  image  is  real  arxl  with  the  nxl  in  water  the  urage  is  v irtual. 

IDLVIIFT : Apply  — • — li>  exh  Vms.  The  image  formed  by  th:  first  lens  serves  at  the  object  fee  the  tcc«>nd 

.r  s / 

lens.  The  local  length  of  the  lens  combination  is  defined  by  — + — In  part  { bl  use  — - (n  - 1 )|  — - — | to 

xi  f f \K i 

calculate  f for  the  meniscus  lens  and  ftw  the  CCI4 . treated  as  a thin  lens. 

SKT  L’P:  With  two  lenses  of  different  focal  length  in  contact,  the  image  distance  from  the  first  lens  becomes 
exactly  minus  the  object  distance  for  th:  second  lens. 

EXECUTE:  (a)  — + o and  — + + — . -t . But  overall  for  the  lens 


system. 


^ < /.  < /,  *,  * < U JJ  ^ /, 

111  111 

— t — - — =* + — . 

*5  / / h /, 

(bl  With  carbon  tetrachloride  sitting  in  a meniscus  lens,  vve  have  two  lenses  in  contact.  All  we  need  in  order  to 
calculate  the  system’s  focal  length  is  calculate  the  indiv  idual  fecal  lengths,  and  then  use  the  formula  from  purl  (a). 

for  the  meniscus  lens  — - (r  - n (0.5 

f I R.  R>  ) l 4.50  cm  9.00  cm 


D.061  cm  1 and  f - 16.4  cm . 


for  the  CC1. : — = (#?.- ir  f — I - f0.46 


H R 


9.00  cm 


— - 0.051  cm  1 and  f - 19.6  cm 


— - — + 0 1 12  cm  and  /■  8.93cm. 

/ /:  /• 

Evaluate:  f - - v.1.-.  so/  for  the  combination  is  less  than  either  /,  or  f\  . 

ft  +fi 

iDf.VNFT : Apply  fq.(34. 1 1 ) with  R ->  to  th:  rcfracticei  at  each  surface,  fee  refraction  at  the  first  surface  the 
point  P serves  as  a virtual  object.  The  image  formed  by  the  first  refraction  serves  » the  object  for  the  second 
refraction. 

Set  UP:  The  glass  plate  and  the  two  points  arc  shown  in  figure  37.97. 

^ f r plane  fares  means  R -*  w and 

i.^-0 

S A 


r r 

• • 

♦ » 


Figure  34.97 

Exec  lie:  refraction  at  tlie  first  | left-hand!  surface  of  the  piece  of  gla 

The  rays  converging  toward  paint  P constitute  a virtual  object  for  this  surface,  so 

s s -14.4  cm 

nm  = 1 .00,  ns  = 1 .60. 

t*  - -lilIli-14.4  cm)  = +23.0  cm 

1 <10 

This  image  is  23.0  cm  to  the  nght  of  th:  fuvt  surface  so  is  a distance  23.0  cm-/  to  the  right  of  the  second  surface. 
This  image  serves  as  a virtual  object  for  the  second  surface. 
retraction  at  the  scctxvd  (npht-handl  surface  of  the  piece  of  glass: 

The  image  is  at  P so  f-  14.4  cm+0.30  cm  - 14.7  cm-/,  s - -<23.0  cm  -/);  - 1.60;  it*  = 1.00  s'  - -— v 

gives  14.7  cm-r  = -[  - j{ -(23.0  cm  -/|).  14.7  cm-/  * +14.4  cm -0.625/. 

0.375/  = 0.30  cm  and  / - 0.K0  cm 

EVALUATE:  The  overall  effect  of  the  piece  of  glass  is  to  diverge  the  ray*  and  move  their  convergence  pmnl  to  the 
right,  for  a real  object  refraction  at  a plane  surface  always  produces  a virtual  image,  but  with  a v irtual  object  the 
iinaue  can  be  real. 
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14.98.  iDtvnn : Apply  the  two  equations  — t-  ^ - - — — and  — -t- L 


*1  v. 


* 


SKI  Up:  ji,  - - ;i  . «A  - it . and  i\  - -ij . 


EXECUTE:  (a) 


i,iHi^i=' - Ji-i 

3.  i\  s t f ' ~ ' R.  R 


(b)  Comparing  the  equations  for  fecal  length  in  and  out  of  air  we  have 

/<» -1)  = /(«/*., = j 

Evaluate:  When  - 1 . /•*/  , as  it  should. 


r-- 


"-"M 


14.99.  iDtVIIFY:  ■•Vpplv  ir-L-  — 

• * / 

SKI  UP:  The  image  formed  by  the  converging  lens  is  30.0  cm  from  the  converging  kits,  and  becomes  a virtual 
object  For  the  diverging  lens  at  a position  1 5.0  cm  to  th:  right  of  the  diverging  km.  The  final  image  is  projected 
15  cm  ♦ 19.2  cm  - 34.2  cm  from  th:  div  erging  lent. 


EXK.lt:  Iri.I 


-•=>/-  -26.7cm. 


x x'  / -15.0  cm  34.2  cm  / 

EVALUATE:  Our  calrulation  yields  a negative  value  of/,  which  sluiuld  be  the  case  for  a diverging  lens. 

14.100.  IDEM  if\  : The  sphcncal  mirror  forms  an  image  of  the  object.  It  forms  another  image  w hen  the  image  of  the 
plane  mirror  serves  as  an  object. 

SET  Up:  For  the  convex  mirror  / - -24.0  cm  . The  image  formed  by  the  plane  mirror  is  10.0  cm  to  the  nght  of 
the  plane  mim>r.  » is  20.0  cm  -f  10.0  cm  - 30.0  cm  from  the  vertex  of  the  spherical  minor. 

EXECUTE:  The  first  image  farmed  by  the  sphrrieal  mirror  is  the  one  where  the  light  immediately  strikes  its 
surface,  without  bouncing  from  the  plane  minor. 

=> ! + — ! -of-  -7.06  cm.  and  the  image  height 

.f  x'  f 10.0  cm  ✓ -24.0  cm 

is  v*  - y - - 12^(0250  cm)  - 0. 1 77  cm. 
r'  10.0 

The  second  image  is  of  tbc  plane  mirror  image  is  located  30.0  cm  from  the  vertex  of  the  spherical  minor. 

Ill  II  1 


V X / 30.0  cm  X -24.0  cm 


* - -13.3  cm  and  tbc  imauc  height  is 


y - » - - * <01.250  cm)  - 0.1 1 1 cm 

x 


Hu: 


Evaluate:  Otber  images  arc  formed  by  additional  refactions  from  the  tw»>  mirrors. 

34.101.  IDENTIFY:  In  th:  sketch  in  Figure  34.101  the  light  travels  upward  from  th:  object  Apply  Kq.(34.l  l l w ith 

R ->05  to  the  refraction  at  each  surface.  The  irrage  formed  by  th:  first  surface  senes  as  tbc  object  for  the  second 
surface. 

SET  UP:  The  locations  of  the  object  and  the  glass  plate  arc  shown  in  Figure  34. 101 . 
at  4-140 


tl« 

4 - 1.55 

VN>Ctl 

ft* 

ft  - 1 1» 

6. 09  on 

for  a plan:  (flat)  surface 


i+i-o 


Figure  34.101 

Execute:  First  refraction  <air  ->  glass): 

nm  - l .00.  nK  = 1 .55;  x = 6.00  cm 

t - - - 1—2(6.00  cm)  - -9.30  cm 

nu  1.00 

The  image  is  9.30  cm  below  the  lower  surface  of  the  glass,  so  is  9.30  cm  1 3.50  cm  - 12.8  cm  below  the  upper 

surface. 
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Second  refraction  (glass  -♦  airt: 


« ^ 1.55:  /v  ^ 1.00.  x = r 12.8  cm 

i*  - -Otx  - - 12!it  12.8  an)  - -8.26  cm 
/?.  1.55 

The  image  of  the  page  is  8.26  cm  below  the  top  surface  of  the  glass  plate  and  therefore 
9.50  cm  -8.26  cm  - 1.24  cm  above  the  page. 

Evaluate:  The  image  is  virtual  If  you  view  the  object  by  looking  down  from  above  the  plate,  the  image  of  the 
page  that  you  sec  is  closer  to  your  eye  than  the  page  is. 

34.102.  IDENTIFY:  Light  refracts  at  the  front  surface  of  the  lens,  refracts  at  the  glass-water  interface,  reftxts  from  the 
plane  minor  and  passes  through  the  two  interfaces  again,  now  traveling  in  the  opposite  direction. 

SET  UP:  Use  the  focal  leneth  m air  to  find  the  radius  of  curvature  R of  the  lens  uirf&rcs. 


Execute:  (a)  — -(n-l)‘ 

/ [R.  R . I 40cm 


At  the  air  tens  interface:  — * — - — 


-0.521  — !=»*- 41.6cm. 


♦ — -1  ■ 11  " ■ and  s[  - -851  cm  and  - 851  cm 

70.0  cm  r.  41.6  cm 


At  the  lens  water  interlace: 


1.52  1.33  -0.187  . 

— -f  — ; and  ij  - 491  cm  . 

<51  cm  a.  -41.6cm 


The  mirror  refleets  the  image  back  (since  there  is  just  90  cm  between  the  km  and  mirror.)  So.  the  position  of  the 
image  is  401  cm  to  the  left  of  the  mirror,  or  31 1 cm  to  th:  left  of  the  lens. 

1.33  1.52  0.187 


At  the  water  lens  .liter lace: 


At  the  lens  air  interface: 


ind  a - 1-173  cm . 


-311cm  .v.  41.6cm 


l .52 


-0.52 


-173  cm  s\  -41.6  cm 


and  - *47.0  cm . to  the  left  of  lens. 


^Y^¥ldLl-fi!£iY5!LYll2Y^l£l--i.o6. 

A Jt  Jl J l 70  Jl  -85 1 A -3 1 1 A - 1 73  ) 

(Note  all  the  indices  of  retraction  cancel  out.) 

(b)  The  image  is  real. 

(c)  The  image  is  inverted. 

<d)  The  final  height  is  y - my  - (1 .06)1 4.(10  mm  i - 4.24  mm. 

EVALUATE:  The  final  image  is  real  even  though  it  is  on  the  same  side  of  the  lens  as  the  object* 

34.103.  IDENTIFY:  The  camera  lens  can  he  modeled  as  a thin  lens  that  forms  an  image  on  the  film. 

SET  UP:  The  thin -lens  cquatxin  is  — + . and  the  magnifcation  of  the  lens  is  m - - — 

* x f i 

execute:  w —j.Zl.l?0-036" "!>=>/. (7ao.io->,. 


r y 4 (12.0  ml 


111  I If  1 \ 1 I 

7 7 "7*  (7.50*  10  ~7|  7.50x10  4 /“ 7“  0.0350m 


s - 46.7  nt . 


(b)  To  just  fill  the  frame,  the  magnifcation  must  K:  3.00x10  1 so: 


If. L_  ,1 

x{  3.00x10  / f 


s - 11.7  nt  . 


/ 0.0350  in 

Since  the  boat  is  originally  46.7  m away,  the  distance  you  must  move  closer  to  th:  beat  is 
46.7m  1 1.7  m - 35.0  nv 

EVALUATE:  This  result  seems  to  imply  Iha!  if  you  are  4 times  as  far.  the  nrage  is  Vt  as  large  on  the  film 
However  this  result  is  only  an  approxinvition.  and  would  not  be  true  for  very  ekise  distances.  It  is  a better 
approxisnoticn  for  large  distances. 

34.104.  IDENTIFY:  Apply  ir-L-—  and  — 

S X f 1 

SETUP:  a -1./  = 18.0  cm 


Execute:  (a) 


. (a¥  - (1 8.0  cm  m'  ♦ 54.0  cm’  - 0 so  x - 14.2  cm  or  3.80  cm  . 


m.Ocm-A  x 3.00  cm 
t - 3.80  cm  or  14.2  cm . so  the  screen  mua  either  be  3.80  cm  or  14.2  cm  from  the  object. 
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(h>  s-3. 


1^- -0.268.  ^ ^ 14.2  cm : m --1--—^ -3.74 
14.2  a 3 M 


Evaluate:  Since  the  image  is  projected  onto  the  screen,  the  mugc  is  real  and  s'  ix  positive.  W’e  assumed  this 
when  we  wrote  the  condition  i + r'-  18.0  cm . 

34.  105.  iDEVIltV : Apply  I:q.(34. 1 6|  to  calculate  the  image  distance  for  ca:h  lens.  The  image  formed  by  the  1 * lens 
serves  as  the  object  for  the  2nd  lens,  and  the  image  formed  by  the  2nd  lens  serves  as  the  object  for  the  3rd  lens. 
SET  L’P:  The  positions  of  the  object  and  lenses  are  shown  in  Figure  34.105. 


1 


1 1 1 
7*7~7 
1 - 1 1 _*-/ 
7 / 7 Mf 


i >i 

- +4(liicm  - 1 41.111  on  - t«0ci. 


Figure  34.105 


Execute:  tens  n l 
t - +80.0  cm; / - +40.0  cm 
. sf  (+80.0  cml(+40.0  cm) 


- +80.0  cm 


a - / t-KO.O  cm  - 40.0  cm 

The  image  fornxd  by  the  first  lens  is  80.0  cm  to  the  right  of  the  first  lens,  so  it  is  80.0  cm  - 52.0  cm  - 28.0  cm  to 
the  right  of  the  second  lens. 
lens  n2 

j a -28.0  cm;  / - +40.0  cm 
--  * 3 <-28-0  <— )(-40.0 D 
a - f -280  cm  - 40.0  cm 

The  image  fornvd  by  the  second  lens  is  16.47  cm  to  the  right  of  the  second  lens,  so  it  is 
52.0  cm  - 16.47  cm  - 35.53  cm  to  the  left  of  the  third  lens. 
lens  n 

i - *35.53  cm; / - +40.0  cm 

. xf  (+35.53  cm  W +40.0  cm) 

/ -318  cm 

A-f  +35.53  cm  - 40.0  cm 

The  final  image  is  3 1 8 cm  to  the  left  of  the  third  lens,  so  it  ix  3 1 S cm  - 52  cm  - 52  cm  - 80  cm  - 134  cm  to  the  left 
of  the  c4ijcet. 

EVALUATE:  We  used  the  separation  between  the  lenses  and  the  sign  conventions  for  x and  v*  to  determine  the 
object  distances  for  the  2nd  and  3rd  lenses.  "Hie  final  mugc  is  virtual  since  the  final  s'  is  negative. 

34. 106.  I DEV  II  tv : Apply  1 * -L  - — and  calculate  v'  for  each  s. 

X A f 

SETUP:  / - 90  mm 

_ Ill  I 11  , _ 

Execute:  - + — — ^ + — =>  t - %.  > mm 

s i f 1 300  mm  x 90  mm 

111  I II 


i =91.3 


si  f 6500  mm  % 90  mm 
Ai*  - 96.7  mm  -91.3  mm  - 5.4  mm  toward  th:  film 


Evaluate:  r*  For  / > Oarel  s > f%  s'  decreases  as  x increases. 

near  point 


34.107.  I DEV  II  tV  and  SET  UP:  The  generalisation  ot  Lq.(34.22)  is  At  - 

Execute:  (a)  age  10.  near  point  - 7 cm 
7 cm 


3.5  cm 


:.o 


(h|  age  30.  near  point  - 14  cm 
14  cm 


.• .(  cm 


2.0 


near  point 

iff 
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.14.108. 


.14.109. 


.14.110. 


.14.111. 


(c)  age  60.  near  point  - 200  cm 

200  cm 


- CK  cm 


2.0 


(d)  / - 3.5  cm  (from  part  (a))  and  near  point  - 200  cm  (for  60-year-old) 

3.5  cm 

(c)  EVALUATE:  No.  The  reason  / - 3.5  cm  gives  a larger  A/  for  a 60-ycar-oW  than  for  a lOycar  ald  is  that  the 
eye  of  the  older  person  can't  focus  oo  as  close  an  object  as  the  younger  person  can.  The  unaided  eye  of  the  60- 
year  old  must  view  a much  smaller  angular  mzc.  and  that  is  why  the  same  /gives  a much  larger  A/.  The  angular 
si/e  of  the  image  depends  only  on/  and  is  the  same  for  th:  two  ages. 

Ill  ff 

IDENTIFY:  Use  - F — to  calculate  s that  gives  / - -25  cm  At . 

x s f 0 

it  y 

SET  Up:  Let  the  height  of  the  object  be  v,  so  (f  - — and  0 

i 25  cm 


fi2Scm) 
f + 25  cm 


Execute:  ( a)  - + — — s - 

sift  -25  cm  / 

|b)  25 an) 

' v ) l /(25cm)  ) /1 25  cm) 


W A/*-- 


></  + 25an)  I /+25cm 
/ (25  cm  I y/25  cm  7 
10  cm  1 25  cm 


(<l)  It  / -lOcm-^.U 


10  cm 


- 3.5.  This  is  1 .4  times  creatcr  than  the  magnification  obtained  if  the  iinaec 


25  cm 

if  formed  at  infinity  (A/  • 2.5). 


Evaluate:  <c)  Having  the  first  image  form  just  within  the  frcal  length  puls  one  in  the  situation  describes!  above., 
where  it  acts  as  a source  tliat  yields  an  enlarged  virtual  image.  If  the  first  image  fell  ju»t  outside  the  second  focal 
poant.  then  the  image  would  be  real  and  diminished. 

Identify  : Apply  — - — The  near  point  is  at  infinity,  so  that  is  wlxrc  the  imauc  must  be  formed  fee  any 

s i f 

objects  that  are  close. 

SET  UP:  The  power  in  diopters  equals  — . with  /in  meters. 


Exec  t ti  : 


4. 17  diopters. 


fix  24  cm  -05  0.24  m 
EVALUATE:  To  focus  on  closer  objects,  the  power  must  be  increased. 

Identify:  Apply  r --  - 11  . 


Set  Up: 
Exec  utl: 


X s 

. ^ a 1.40. 
t 1.40  040 

a' 


- 2.77  cm 


36.0  cm  .v  0.75  cm 

EVALUATE:  This  distance  is  greater  than  the  normal  eye.  which  has  a cornea  vertex  to  retina  distance  of  about 
2.6  cm. 

IDENTIFY:  Use  similar  tnangics  in  Figure  34.63  in  the  textbook  and  Fq.(34.16|  to  derive  the  expressions  called 
for  in  the  problem. 

(a)  SEE  Up:  The  effect  of  the  converging  lens  on  the  ray  bundle  is  sketched  in  Figure  34. 1 1 1 . 

Execute:  From  similar 
triangles  m Figure  34.1 1 la. 

ri  _ ro 
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Thus  /j \ - 1 — \r„.  as  was  lo  h:  shown. 

V A / 

(b>  SET  Up:  The  image  at  the  focal  poinl  of  the  first  lens,  a distarxc  f \ to  the  nght  of  tlx  first  lens,  senes  ax  the 
object  for  the  second  lens.  The  image  is  a distance  f - d to  the  right  of  the  second  lens,  » ss  - -if  -d)  - d - f. 

Execute:  f / 


f \ < 0 so  |/.|  - -/.  and  s\  - ^ — . ax  wax  to  be  shown. 


(c)  SET  Up:  The  etYed  of  the  diverging  lens  on  the  ray  bundle  is  sketched  in  Figure  34.1 1 lb. 

Execute:  From  similar 
triangles  in  the  sketch.  — - - — 


Thus  il  - — 


From  the  results  of  pari  {a).  — 1 — Combining  the  two  results  gives  — - — 

4 fi-J  /|-rf 

f. 4 'VA  . a.' »a* lo le shown. 

(d)  SET  Up:  Put  the  nunxrical  values  into  the  expression  derived  m part  (c). 


Execute:  / 


-f  + d 


/'  - 12.0  cm  l/.l-  1K.0  cm  so  f - " j>  "1‘ 
r 1 6.0cm  + <f 

i - 0 gives  / - 36.0  cm:  maximum  f 
d - 4.0  cm  gives  / -21.6  cm:  minimum/ 

216  cm* 


/ - 30.0  cm  savs  30.0  cm  

6.0  cm  -f  d 

6.0  cm  ♦ d - 7.2  cm  and  d - 1 .2  cm 

EVALUATE:  Changing  d produces  a range  of  effective  focal  lengths.  The  effective  fexal  length  can  he  both 
smaller  and  larger  than  /,  1 |/;| 

•4.1 12.  Idiviifv:  0- 

SET  Up:  Since  the  image  formed  by  the  objective  is  used  as  the  object  for  the  cycp&ccc.  \\  - v. . 

Execute:  |a/|- 


>■: 

. and  <Y  - 

_ 

This  gives  1.1/ 1- 

/, 

a 

>\  f, 

/. 

*1  A 

■ 

>•.«  4 

A A 

' 

Thcrcfore,  s*  - \ 1.33  cm,  and  this  is  Just 


outside  the  eyepiece  focal  point. 

Now  the  distance  from  the  mirror  vertex  to  tlx  lens  rs  f.+r^  - 49.3  cm. and  so 


i+l-l=>45 
•'i  A ‘ 


- 12.3  cm  Thus  wc  have  a final  image  which  is  real  and  12.3  cm  from 


1.20  cm  1.33  cm 

the  eyepiece.  (Take  care  to  cany  plenty  of  figures  in  the  calculation  because  two  close  numbers  arc  subtracted.! 
Evaluate:  Iu|.<34.25 1 gives  |t/ 1 - 40  . somewhat  larger  than  |\f  | for  this  telescope. 

34. 1 13.  iDEN  im  and  SET  UP:  The  image  formed  by  the  abjective  rs  the  object  for  the  eyepiece  The  total  lateral 
magnification  is  mkl  - -8.00  mm  (objective);  /,  - 7.50  cm  (cvcpiecc) 
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.14.114. 


.14.115. 


(a)  Hie  locations  of  the  object,  lenses  and  screen  are  shown  in  Figure  .14.1 1.1. 

ctyxtiw 


*l  = ? 


K»CR 


N 


Figure  54.1 15 

Execute:  Find  the  object  distance  /,  lor  the  objective: 

% = ♦ IS.O  cm. / - 0.800  cm.  r.  - ? 


< / 


V; 


*7.  (18.0  cmX0.800  cm  I 


0.8372  cm 


<-/.  18.0  cm  -0. 


. m 


Find  the  object  distance  r*  for  the  eyepiece: 


►200  cm.  f,  = 7.50  cm  s . =•  ' 


-s  /, 

. , ,\fl  ■(200anK7^0an,„Wrm 

* 200  cm -7.50  cm 

Now  we  calcubtc  the  magnification  for  each  lenx: 

* 18.0  cm 


i-  

a 0.8372  cm 


2C0  cm 


-21.50 


- -25.67 


7.792  cm 

m%A  = ni|BVj  = (-2 1 .50M-25.67)  ^ 552. 

(b)  From  the  sketch  we  can  see  that  the  distance  between  the  two  lenses  is  x[  + x1  - 18.0  cm  -t  7.792  em  - 25.8  cm 
EVALUATE:  The  mKroaopc  is  not  being  used  xn  the  conventional  way:  it  nvrely  serves  as  a two* lens  system,  liv 
particular,  the  final  limge  formed  by  the  eyepiece  in  the  problem  is  real,  not  v irtual  as  is  the  ease  normally  for  a 
microscope.  I:q.{34.23)  dees  reit  apply  here,  and  xn  any  event  gives  the  angular  not  th:  lateral  magnification. 

iDEVnn  : For  ii  and  xi'  as  defined  in  Figure  34.64  in  the  textbook.  .1/  - — 

ii 

SET  UP:  />  is  negative.  From  Figure  34.64.  the  length  of  the  telescope  is  /,  ♦ /j . 

Execute:  (a)  From  the  figure. 


I 'I 


u*  f 

;xr  magnification  is  .1/ . 

" fi 


m„.-A=/,-A- 


95.0  cm 
6.33 


- -15.0  cm. 


(c>  Tlic  length  of  the  telescope  is  95.0  cm  - 15.0  cm  - 80.0  cm.  compared  to  the  length  of  1 10  cm  for  the  telescope 
in  Fxctcisc  34.57. 

Evaluate:  An  advantage  of  this  construction  is  that  the  telescope  is  somewhat  shorter. 

iDLN  im : Use  i ► - — to  calculate  £ (the  distance  of  each  point  from  the  lens),  for  points  .1.  H and  C. 

* » / 

SET  Up:  The  object  and  lens  are  shown  in  Figure  34.1 15a. 

EXECUTE:  (a)  Fee  point  -=> r-i ! -36.0  cm 

% x f 45.0  cm  i 20.0  cm 

v’  - -—  I - - 1 5.0  cm)  - - 1 2.0  em.  so  the  image  of  point  C is  36.0  cm  to  the  right  of  the  lens,  and 

x 45.0 

12.0cm  below  the  axix 


1 or  point  A:  s - 45.0  cm  + S.O)cm<cc«  45^1  - 50.7  cm  . 

Ill  I 1 
-r— -t  — 

50.7  cm  x 


£ - 33.0cm.  \A 


s x f 50.7  cm  x 20.0  cm 
so  the  image  of  point  .1  is  33.0  cm  to  the  right  of  the  lens,  and  6.10  cm  below  the  axis. 


— i*  s- 212(1 5.0  cm- 8.00  crn(sin45*>)  - -6.10  cm. 
.v  45.0 
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34.1 17.  iDfr.Min : The  distance  between  image  and  object  cin  lx  calculated  hv  taking  the  derivati\e  of  the  separation 
dislaixc  and  minimizing  it. 

SET  Up:  For  a real  image  s'  > 0 and  the  distance  between  the  object  and  the  image  is  Daj+r1.  For  a real 
image  must  have  * > / . 


Execute: 


-/  *-/ 


iiD  jf  jJ  I 2v  j3  ss-2if  * 

— - — - 0 . s’  -2x)  - 0.  i(x  - 2 f)  - 0 . x - 2/  is  the  solution  for  which 

* *U-/J  «-/  ■«-/>•  «--/>• 

x > / . For  s -2 / , x*  - 2/  . Therefore,  the  minimum  sc|Mruticei  is  2/  + 2/  - 4/  . 

(b)  A graph  of  £>//  versus  x//  is  sketched  in  Figure  34.1 17.  Note  that  the  minimum  docs  occur  for  l)  - 4 f . 
Evaluate:  If.  for  example.  i-3/i'2,  then  s’  - 3 f and  D - Jif  - 4.5  f . greater  than  the  minimum  value. 


Figure  34.117 

34. 1 1 8.  IDEM  in  and  SET  UK  For  a plane  mirror,  .s'  - -x  . 

EXECUTE:  (a)  By  the  symmetry  of  image  production.  any  image  must  tv  tlx  same  divtance  D as  the  object  from 
the  mirror  intersection  point.  But  if  the  images  and  the  c^ijcet  arc  equal  distances  from  the  mirror  interscctxin.  they 
lie  on  a circle  with  radius  equal  to  D. 

<li)  The  center  of  the  circle  Iks  at  the  minor  intersection  as  discussed  above. 

(c)  The  diagram  is  sketched  in  Figure  34. 1 IS. 

EVALUATE:  To  see  the  image,  light  from  tlx  object  must  be  able  to  reflect  from  exh  mirror  and  reach  the 
person's  eyct. 


•nuge  I 


•imp; 


34.1 19.  Idem  in : Apply  — * — - - — to  refracticei  at  the  conxa  to  find  where  the  object  for  the  cornea  mast  be  in 

x s'  R 

order  for  the  image  to  he  at  the  retina.  Then  use  — t-  — L to  calculate  f so  that  the  lens  produces  an  image  of  a 

v / / 

distant  objsxt  at  this  point. 

SET  L’P:  For  refraction  at  the  cornea.  nm  - 1 33  and  ;iA  - 1 .40.  The  distance  from  the  conxa  to  the  retina  in  this 
model  of  the  eye  is  2 60  cm  From  Problem  34.46.  R - 0.71  cm. 

EXECUTE:  <a)  People  with  ronnal  vision  cannot  focus  on  distant  objects  under  water  because  the  image  is 

unable  to  be  focused  in  a short  enough  distance  to  form  on  tlx  retina.  Ivquivalcntly.  the  radius  of  curvature  of  the 
normal  eye  is  about  five  or  six  times  t«i  great  for  focusing  at  the  retina  to  occur. 

<b)  When  introducing  classes,  let's  first  consider  what  happens  at  the  eve: 

'V  1M  l-*>  0.07  . .... 


2.6  cm  0 71  cm 


s*  - -3.02  cm.  That  is.  the  object  for  the  cornea  must  be  3.02  cm 


behind  the  cornea.  Now.  assume  tlx  gbsscs  arc  2.00  cm  in  front  of  tlx  eye.  so  x*  = 2.00  cm  ♦ xs  - 5.02  cm 
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— t civet  — -t aiul  t'-  5.02  cm.  *nii.t  rt  the  focal  length  in  water,  but  to 

v,  .v  /'  r*5  5.02  cm  C 


i*ct  it  in  air.  we  use 


the  formula  from  Problem 


LV"-" 

EVALUATE:  A converging  lent  it  needed 


M.98:  ftmji  -(5.02 cm t . KS2TIJ33 

\n^(n-\)  1.333(1.52-1) 


1.55  cm . 


Interference 


35 


35.1.  IDENTIFY:  Compare  the  path  difference  to  the  wavelength. 

SET  UP:  The  reparation  between  sources  is  5.00  m.  so  for  points  between  the  sources  the  largest  possible  path 
difference  is  5.00  m 

Execute:  (a)  For  constructive  interference  the  pith  difference  is  mA.  m - 0,  ± I,  ± 2. . . . Tliux  only  the  path 
ditTerenec  of  zero  is  possible.  Tbis  occurs  midway  between  the  two  sources,  2.50  m from  A. 

<b>  For  destructive  interference  the  path  ditTerenec  is  (mi  + mj  - 0.  ± I,  ±2, ... 

A pith  ditTerenec  of  tA/2  - 3.00  m is  possible  but  a path  difference  ax  large  as  3.2/2  - 9.00  m is  not  possible.  For 
a point  a distance  x from  A and  5.00  - x from  B the  path  ditTerenec  ix 

.y  - (5.00  in  - x\  x - (5.00  m - x)  - +3.00  m gives  x - 4.00  m.  x - <5.00  m-x)- -3.00  m gives  x - 1 .00  m . 
Evaluate:  The  point  of  constructive  interference  is  midway  between  the  points  of  destructive  interference. 

35.2.  IDENTIFY:  For  destructive  interference  the  path  ditTerenec  is  (m  + ±)A%  m -0,±1,±2,... . The  longest  wavelength 
is  for  mi  - 0 . For  constructive  interference  the  path  diffcrctvc  is  mA.  it?  - O.tl.  i2. ...  The  longest  wavelength  is 
for  mi  - 1 . 

SET  L>:  The  path  difference  is  120  m. 

Execute:  < j)  For  destructive  interference  — - 120  m =*  - 240  m 


35.3. 


<l>)  Tlic  longest  wavelength  for  constructive  interference  is  A,  - 120  m 
Evaluate:  The  path  ditTerenec  doesn't  depend  on  the  dixtaixc  of  point  O from  B. 

iDf.MIFY:  Use  c —f A to  calculate  the  wavelength  of  the  transmitted  waves.  Compare  th:  ditTerenec  in  the 
distance  from  A to  P and  from  B to  P For  constructive  interference  this  path  ditTerenec  is  an  integer  multiple  of  the 
wavelength. 

Set  Up:  Consider  Figure  35.3 

The  dixtaixc  of  point  P 


from  each  coherent  source 
is  rA  = x and 
ry  - 9.00  m-x. 


Figure  35.3 


Exec  ute:  The  path  differcixe  is  rg  - rA  = 9.00  m - 2.y. 

ry-rt-  mA , m = 0,  ±1,  1 2 

, c 2.998x10*  m s ^ 

A^ 2.50  m 

/ 120x10*  ||/ 

That  9.00  m - 2,  - U„2.50  m,  *nd  , - 

9.CK3  m since  P is  said  to  be  between  the  two  antennas. 

w-0  gives  x-  4.50  m 

m - +1  gives  v - 4.50  m - 1.25  m - 3.25  m 

it?  - +2  gives  x - 4.50  m - 2.50  m - 2.00  m 

m - +3  gives  x - 4.50  m - 3.75  m - 0.75  m 

n?  - -1  gives  .v  - 4.50  m + 1.25  m - 5.75  m 

it?  - -2  gives  v - 4.50  m *■  2.50  m - 7.00  m 

m - -3  gives  y - 4.50  m + 3.75  m - 8.25  m 


- 4.50  m -(1.25  mint.  vmust  lie  in  the  range  0 li> 
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35.4. 


35.5. 


35.6. 


All  other  values  of  im  give  value*  of  x out  of  the  allowed  range.  Constructive  interference  will  occur  for 
.r  -0.75  m.  2.00  m.  3.25  m.  4.50  m 5.75  nv  7.00  m,  and  8.25  m. 

Evaluate:  Constructive  interference  occurs  at  the  midpoint  between  the  two  sources  since  that  point  is  the 
same  distance  from  each  source.  The  other  points  of  constructive  interference  arc  symmetrically  placed  relative  to 
this  poant. 

iDt.Mlh:  For  constriartive  interference  the  path  ditTerence  d is  related  to  A by  d - mA,  m - 0.1.2 ...  For 


destructive  interference  d -fm  + iM.  m -0,1.2,... 

SET  UP:  d ^ 2040  nm 

EXECUTE:  (a)  The  boghtesi  wavelengths  arc  when  constructive  interference  occurs: 
d-mA.  z*A  - £ =>  A = :U;°  nm  - 680  nm.  A - .:>  1(1  — 510  nm  and 


A.  - 


2040  nm 


• i: 


( It ) The  path-length  ditTerence  is  the  same,  so  the  wavelengths  are  the  san>:  as  part  (at. 


(C)  + so  A - 


2040  nm 
“ + T 


The  visible  wavelengths  are  A.  - 583  nm  and  /.  - 453  nm 


Evaluate:  The  wavelengths  for  cceistructivc  interference  are  between  those  for  destructive  interference. 
iDLMlfrY:  If  the  path  ditVerenre  between  the  two  waves  is  equal  to  a whole  number  of  wavelengths,  constructive 
interference  occurs,  but  if  it  is  an  odd  number  of  half- wavelengths,  destructive  interference  occurs. 

SET  UP:  We  calculate  the  distance  trav  eled  by  both  waves  and  subtract  them  to  find  the  path  difference. 
Execute:  Call  /*,  the  distance  from  the  nght  speaker  to  the  observ  er  and  Pl  the  distance  from  the  left  speaker  to 
the  observer. 

(a)  P,  - 8.0  m a lid  P.  - J(6.0  m)*  f <S.O  m)*  - 10.0  m . The  path  distance  is 


- 10.0m  S.O m - 2.0  m 


<b)  The  path  distance  rs  one  wavelength,  so  constriKtive  interference  occurs. 

(c)  Pi  - 1 7.0  m and  P2  - -f  (17.0m  F - 1 8.0m  . J\k  path  difference  is  1 8.0  m 1 7.0  m - 1 .0  m.  which  is 

one-half  wavelength,  so  destructive  interference  occurs. 

EVALUATE:  Constructive  interference  also  occurs  if  the  path  difference  2 A . 3 A . 4 A. . etc.,  and  destructive 
interference  occurs  if  it  is  A >2,  3 A/2,  5 A: Z etc. 

: At  an  antinodc  the  interference  is  constructive  and  the  path  ditTerence  is  an  integer  number  of 
wavefengths;  path  ditTerence  - ut/.%  ui  - 0.1l,±2, ...  at  an  antinode. 

SET  UP:  The  maximum  magnitude  of  the  path  difference  is  the  separation  J between  the  two  sources 
Execute:  (a)  At  5, ,15  -rt  - 4/..  and  this  path  difference  stays  the  same  all  along  the  > -axis,  so 


m - -t4.  At  .Vj.Tj  -1;  - -4A.  and  the  path  difference  below  this  poont.  along  the  negative y-axis.  stays  the  same,  so 
m - -4. 

(Iff  The  wave  pattern  is  sketched  in  Figure  35.6. 

(c)  The  maximum  and  minimum  m -values  are  determined  by  the  largest  integer  less  than  oc  equal  to  — 

(d)  If  d = 7-L>*  =*  -7  S m £ +7,  so  there  will  be  a total  of  1 5 antinodes  between  the  sources. 

EVALUATE:  W'c  arc  considering  points  close  to  the  two  sources  and  the  antinodal  curves  are  not  straight  lines 


Figure  35.6 
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35.7. 


35.8. 


35.9. 


35.10. 


35.11. 


lDf.MltY : At  an  antinodal  point  the  path  ditTercncc  is  equal  to  an  integer  number  of  wavelengths. 

SET  UP:  For  m - 3 . the  pith  ditt'ereexe  is  3a  . 

EXECUTE:  Measuring  with  a ruler  from  both  S{  and  S ^ to  the  different  points  in  the  antinodal  line  labeled  m - 3_ 
we  Find  that  the  dilYcrencc  in  path  length  is  three  times  the  wavelength  of  the  wave,  at  measured  from  one  crest  to 
the  next  on  the  diagram. 

Evaluate:  There  rs  a whole  curve  of  points  where  the  path  ditVerencc  is  $A  . 

Idem  1 : The  value  of  y.  is  much  smaller  than  R and  the  approximate  expression  y - is  accurate. 

d 

SKI  tP:  =10.6x1  O'1  m . 

Execute:  i2<,ii1:q lllll5°; 'l0  ’ I.I4.I0  ‘ m - 1.!4 

>•  10.6x10  ‘ m 


■ n 


EVALUATE:  tan#VJ  ; — l*o  #.v  -0.51"  and  the  approximation  sin#it  * tantf^  is  very  accurate. 

R 

IDEMUY  and  SET  Up:  The  dark  lines  correspond  to  destructive  interference  and  hence  are  located  by  Fq.(35.5): 

dsin#  - 1 m + — U so  sin/?  ^ — . in  -0,±l,i2,... 

2)  d 

Solve  <4>r  0 that  locates  the  second  and  third  dark  lines.  Use  v - tan#  to  Find  the  distance  of  each  of  the  dark 
lines  f rom  the  center  of  the  screen. 

Exec l TE:  1st  dark  line  is  for  m -0 

2nd  dark  line  is  for  »i  - 1 and  sin#  - — 1 '*  ' >M — — 1 .667 x 10  * and  # - 1 .667 x 10  ’ rad 

2d  2(0.450x10  Jm) 

3rd  dark  line  is  for  m 2 and  sin  0,  ^ ' 11  m>  2.778  x |0  ' and  0.  ^ 2.778  x 10  * rad 

* 2d  2(0.450  x 10  m) 

(Note  lhal  0t  and  #.  are  srmll  so  Ibit  the  approx imation  0 * sin#  * tan#  is  valid.)  The  distance  of  cich  dark  line 
from  the  center  of  the  central  bright  bond  is  given  by  ym  - R tan#,  where  R - 0.850  m is  the  distance  to  the 
screen. 

tan  0 >0  so  ym  - R0m 

y,-R<\ -(0.750  mKI.667-10  ' rod»-l 25x10"'  m 
y\  -R0:  =(0.750  mX2.778x  10 ‘ rad)-2.0S«10  ' m 
Ay -r, ->',  = 2.08*  10 * m-l.25-101  m = 0.SJ  nun 

Evaluate:  Since  0{  and  #.  are  very  small  we  could  have  used  Fq.(35.6k  generalized  lo  destructive 
interference:  ym  - /?j  m + — \Atd. 

Idem  it Y : Since  the  dark  fringes  arc  cqully  spaced.  R y % tb:  angles  are  small  and  the  dark  bands  are  located 

by>. 


SET  UP:  The  separation  between  adjacent  dark  bands  is  Ay  - — — 

d 

Execute:  Ar-fUrf-fl-*1- J0"><4-50»10  ?l -|.1.«xlQ-  m-o.l93& 
d Av  4.20x10  m 

EVALUATE:  When  lb:  separation  between  the  slits  decreases,  the  separation  between  dark  fringes  increases. 
IDEM1FY  and  SET  UP:  The  positions  of  tb:  height  fringes  are  given  by  Lq.(35.6»:  yM  - R(mA  id  k For  each 
fringe  tbc  adjacent  fringe  is  located  at  ym,t  - R(m  + 1 )Afd.  Solve  for  A. 

EXECUTE:  The  separatHm  between  adjacent  fringes  is  Ay  - ym,x  -y„  - R a id. 

X - - !°  460  - 10  ' "><2-82’‘ 10  ‘ . S.90,.0' m - S90  nm 

R 2.20  m 

EVALUATE:  Eq.(35.6)  requires  that  the  angular  position  on  the  screen  be  small.  The  angular  position  of  bright 
fringes  is  given  by  sm#-  lA/d.  The  slit  separation  is  much  Larger  than  the  wavelength  (Aid  - 1.3x10  'k  so 
is  small  so  long  as  m is  not  extremely  large. 
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35.12. 


35.13. 


35.14. 


35.15. 


35.16. 


IDI.VI1PY:  The  width  of  a bright  fringe  can  be  defined  to  he  the  distance  between  it*  two  adjacent  destructive 

msnum.  Assuming  the  small  angle  formula  foe  destructive  interference  ym  - R ; 

SETUP:  d - 0.200 x 1 0 * m . R =4.00  m . 

EXECUTE:  The  distance  between  any  two  successive  minima 

is  X-ti  - 1 • - i?  — - (4.00  in  »■  ' J ' M 11  * 8.00  mm.  Thus,  the  answer  to  both  part  (i)  and  part  <b)  is  that  the 

d (0.200x10  mi 


w idth  is  8 00 

EVALUATE:  Tor  small  angles,  when  v <r.  R . th:  interference  minima  are  equally  spaced. 


IDEVim  and  SET  UP:  The  dark  lines  arc  located  by  dzinO  - 1 m - - |A.  The  distance  of  each  line  from  the 

center  of  the  screen  is  given  by  v - RisnO. 

Execute:  First  dark  line  K for  m-  0 and  d sin  ft  - XI 2. 


- a 550x10  m 

in  0 

2d  2(1.80x10  m) 


1528  and  ft  - 8.789°.  Second  dirk  line  is  for  m = 1 and  d sin  ft  - 3-4/2. 


win 0.  - — - 3 1 11  ,m  ■ [ - 0.4583  and  0 . - 27.28°. 


2d  ^2(1.80x10  m) 
y^Atinft  =(0.350  m l tan 8.789°  -0.0541  m 
>\  = R tan 0i  = (0.3 50  m)  tan  27.28-  = 0. 1 805  m 

The  distance  between  the  linrt  is  Ay  - y,  - y,  = 0. 1 805  m - 0.054 1 m - 0. 1 26  m - 1 2.6  cm. 

EVALUATE:  sin  4 -0.1528  and  tanft  -0.1546.  sinft  = 0.4583  and  tan  ft  =0.5157.  As  the  angle  increases. 
*in0  * tan0  becomes  a poorer  approximation 

iDEVim : Using  I:q(35.6|  f»w  small  angle*:  v - R— 


SET  UP:  First-order  mean*  m-\. 

EXECUTE:  The  distance  between  corresponding  bright  fringes  is 

Ant 


At  = Aa -^—(660-470)  x(  10  * m)  s 3.1 7 mm. 

d (0.300x10  m) 


Evaluate:  The  separation  between  these  fringe*  for  different  wavelengths  mercasc*  when  the  slit  separation 
decreases 

IDEVim  and  SET  Up:  Use  the  infocmatioa  given  about  the  bright  fringe  to  tind  the  distance  d between  the  two 
slits.  Then  u*e  Eq.(35.5)  and  y - A tan#  to  calculate  A for  which  there  is  a first -order  dirk  fringe  at  this  same 
place  on  the  screen. 

Execute:  y,  — . so  d - —•  - - — *'  1 — ! — = 3.72 xio  4 m.  (A  is  much  greater  than  d.  so  Eq.35.6 

d y 4 84x10  m * ^ 

i*  valid ) The  dark  fringes  an:  located  In*  d sin 0 - j m -t  — j A,  m - 0.  ± 1.  ± 2, . . . The  first  ueder  dark  fringe  is  located 

by  sin#  = A^ild.  where  is  the  wavelength  we  arc  seeking. 

v - Alan#  * A sin#  - 

2d 

We  w ant  A.  such  that  y - y,.  This  give*  — - and  As  - 2a,  - 1200  nm. 

d 2d 

Evaluate:  For  A - 6lXt  nm  th:  path  difference  from  the  two  *!it*  to  this  point  on  the  *cieen  is  600  nm.  For  thi* 
same  path  difference  (posit  on  the  screen)  the  path  difference  is  At 2 when  A.  = 1200  nm. 

IDEVim : Bright  fringe*  arc  located  at  y„  - A—  . when  ym  <fc  A Dark  fringes  arc  at  dtinO  = \m  + d)/.  and 

d 

v = Alan# . 


SET  UP:  A - — — ^ ' 1,1 4.75  X 10  m . For  the  third  bright  fringe  (not  counting  the  central  bright 
/ 6.32x10  11/ 

spot  ),  m = 3.  For  the  third  dark  frincc.  nt  = 2 . 
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35.17. 


35.18. 


35.19. 


35.20. 


35.21. 


Execute:  (a)  d 


mAR  3(4.75x10  : mK0.850m)  _ - rtonniv 

3.89  x 10  m - 0.0389  mm 


LM)3  m 


(b»  rin/?  = (2+iC  = (2.5) 


4.75x10  m 


d I 3.89x10  ' tn 


- 0.0305  and  0=1.75°.  v»  R tan  0 = (85.0  cm)  tan  l.‘ 75*  = 2.60cm  . 


EVALUATE:  The  third  dark  fringe  is  closer  to  the  center  of  the  screen  than  the  third  bright  fringe  cn  one  side  of 
the  centml  bright  fringe. 

IDFAIIF^ : Hnght  fringes  arc  located  at  angles  0 given  by  dunO  - mA  . 

Set  Up:  The  largest  value  sin# can  have  is  1.00. 

..  . . r/*in0  <*  0.01 16“  IO*  m „ _ , , , 

Execute:  (a)  m 1 or  %m0  = 1 . m - — 19.8  The  relate.  the  large*  m lor  fnnijCN 

?.  A 5.85-10  m 

on  the  screen  is  m - 19  . There  arc  2(19)  + 1-39  hright  fringes,  the  central  one  and  19  above  and  19  below  it. 

(b)  The  most  distant  fringe  has  m - *19  . sin 0 - n — - 1 1 9 — — — LL 

d ! 0.0116x10  m 

EVALUATE:  For  small  0 the  spacing  Ay  between  adjacent  fringes  is  constant  but  this  is  no  longer  the  ease  for 
larger  angles. 

iDt.Min:  At  large  distances  from  the  antennas  the  equation  d unO  - tnA,  /w  - 0.1 1.12,...  gives  the  angles  where 
maximum  intensity  is  observed  and  dsin0  - (m  +•)£,  m - 0,1 1, ±2. ...  gives  the  angles  where  minimum  intensity 
is  observed. 


10.958 and  0-173.3*. 


SkiL'p:  12.0  m.  — 


Execute:  (a,  A-l= 


/ 107.9x10*11/ 

r 13.4°,  127.6°,  ±44.1°,  ±68.1°. 


-2.78  m.  »n0  = — - mj  2 78  m 1 ^ mt(Q232> . 
d 1 12.0  m / 


|b)  sin# - (<vr +!)_.  - (m  + 4X0.232) . 0-16.66°.  ±20.4°.  ±35.5°,  ±54.3*. 
d 

Evaluate:  The  angles  for  zero  intensity  arc  approximately  midway  between  those  for  maximum  intensity 
IDEYIWY:  Eq.<35.10):  / - /,ct»-(l/2) . Eq.135.1 1):  9 - 12-r^Hr, -r,) . 

Set  Up:  t is  the  phase  difference  and  (r2  - ij ) is  the  |\ith  difference. 

Execute:  (a)  / - /,<««*  30.0")'  - 0.750/0 

|h>  60.0" «<r/3> rad  . {ri-rl)^{^!2ji)A=[{xl2)l2it\A  = -*/6»80nm  . 

Evaluate:  <*»360"/6  and  (r, -ij|- A/6. 

IDI.M1FY:  — - P‘"h  relate  lire  path  diffcraicc  la  the  phase  difference  Ad 

2-t  A 

SET  UP:  The  sources  and  noant  P arc  shown  in  Figure  35.20. 


Execute:  Ap-2.r 


524  cm  - 


2 cm 


- 1 19  rad 


EVALUATE:  The  distances  from  R to  P and  A to  P aren't  important,  only  the  difference  in  these  distances. 


IDENTIFY  and  SET  UP:  The  phase  difference  ^ is  given  hv  ^ - {2xd!  A)%\nO  (llq.35. 13.) 

Execute:  l-[2*(0.340 *10  * mliS00-10  * m))sin  23-0" -1670 rad 

EVALUATE:  The  /wth  hnght  fringe  occurs  when  £ - 2x m.  so  tforre  arc  a laqte  number  of  bright  fringes  within 
23.0:  from  the  centerline.  Note  that  EqT35.l3)  gives  6 in  radians. 
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35.22. 


35.23. 


35.24. 


35.25. 


iDEVIltY:  The  max:nr.im  intensity  occurs  at  all  tbc  point*  of  contractive  interference.  At  these  point*,  tb:  path 
difference  between  waves  from  the  two  transmitter*  i*  an  integral  number  of  wavelengths. 

SCI  UP:  For  constructive  interference,  sin  0-  mX'd. 

EXECUTE:  (a)  First  find  tlx-  wavelength  of  the  UHF  mtvs: 

A - o/-  (3.00  x 10*  ms>'(  1 57542  MHz)  - 0.1904  m 
For  maximum  intensity  (Rif  sin  (ytA  - m, t.  so 

sin  0-mAJd  - mft0.1904  m>'(5.18  m)]  -0.03676m 
The  maximum  possible  mi  would  be  fee  0-  90*,  or  sin  0-  1.  so 

AW  - dfA  - (5.18  m>r(0.1904  m)  - 27.2 

which  must  be  ±27  since  m r*  an  integer.  Tbc  total  number  of  maxima  is  27  on  either  side  of  tbc  central  fringe,  plus 
the  central  fringe,  for  a total  of  27  ♦ 27  ♦ 1 - 55  bnght  fringes. 

(b)  Using  sin  0-  mXd . where  mi  - 0.  ±1.  ±2,  and  13.  we  have 

s«n  0 - mXd  - mil 0 1904  mf  (5.18  m)J  - 0.03676m 
mi  - 0:  sin  0 - 0.  which  gives  0- 0* 

Ml  - ±1:  sin  0 - ±(0.03676X  1 ).  which  gives  0- i2. 1 1° 


m - ±2:  sin  0 - ±<0.03676)(2).  which  gives  0 - ±4.22 
w - ±3:  sin  0-  1X0.03676H3).  which  gives  0-  ±6.33 


(c)  / - /..cos 


J xdnnO  *, 


- (200\Vm‘) 


.[  *t$.18m»sin(4.65-> 


- 1.28  W m\ 


x / ' 1 0.1904  m 

EVALUATE:  Notice  that  sin0  increases  in  integer  steps,  hut  0only  increase*  in  intcccr  steps  fee  small  0 . 


(a)  li»Mit'V  and  SET  I P:  The  minima  arc  located  at  angles  0 given  by  dmtf-  ^ m + — The  first  minimum 

correspond*  !o  m -0.  Solve  fee  0.  Then  the  distance  on  the  screen  is  y - RimO. 

Execute:  «n 0-±..  m -1.27x10  ‘ and  0-1.27x10  ‘ >*1 

Id  2(0.260.10 * m) 

y-  (0.700  miunil  .27. 10  ' rid)  - 0.KS9  am. 

(h)  IDEVIIPY  and  SET  UP:  Eq.(35.l5)  given  tb:  intensity  / a*  a function  of  the  position  von  tlie  screen: 

/ - /§ cos'  j j.  Set  / = JJ2  and  solve  focy. 


Execute: 


says  cos* 


*d\ 

AR 


2 


«M 


irdy 


AR  ) J2  AR  4 
r (660x10  • mMO.700  m) 

47'* 


- 0.444  mm 


4(0.260x10  * m) 

Evaluate:  / - /„ »’  2 at  a point  cn  the  screen  midway  between  where  / - /c>  and  / - 0. 

IDENTITY:  Eq.  (55. 141:  I -/.cm’ 


Set  Up:  The  intensity  goes  to  zero  when  the  cosine's  argument  becomes  an  odd  integer  multiple  of  — 

a 

Execute:  ^sin0-(fff+l/2)T  gives  Jsin0-x|m-t  1/2),  which  is  Eq.  (35.5). 


EVALUATE:  Section  35.3  shows  that  the  maximum- intensity  direct  ions  from  1*4.(35.14)  agree  with  Eiq.l35.4). 
IDEMUY:  The  intensity  decreases  as  we  move  away  from  the  central  maximum. 

SET  UP:  The  intensity  is  given  by  / - /.,  cos  j -^11  j 

EXECUTE:  First  find  the  wavelength:  A -c/f  - (3.00  x 10*  msK(l2.S  MHz)  - 24.CO  m 
At  the  farthest  the  receiver  can  be  placed.  / - />'4,  which  gives 

1 

4 


L-, 


A 

AR 


i 

AR 


H±  _±I 

AR  2 
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35.26. 


35.27. 


35.28. 


35.29. 


The  solution*  arc  adyfAR  - a' 3 and  2&'S.  Using  &' 3.  we  get 

v - ARJ W-  <24.00  m|<500  m>’ 1 3(56.0  m)|  - 71.4  m 
It  must  remain  within  71.4  m of  point  C. 

Evaluate:  Using  zdySAR  - 2.T/3  gives  V ■ 142.S  m.  But  to  reach  this  point,  the  receiver  would  have  to  go 
beyond  71.4  m from  C,  where  the  signal  would  he  too  weak,  so  this  second  point  is  not  possible. 

IDENTIFY:  The  phase  difference  6 and  the  path  difference  r - r arc  related  hv  & - — (/*.  -r. ) . The  intensity  is 


given  by  / \i  j . 

SET  Up:  A - ■ — • 2.50  m . When  the  receiver  measures  zero  intensity  , A - 

/ I -20»  10-  Hr 

EXECUTE:  (a)  (r  -r.) li— (1.8 ml -452  rad 

* 2.50  m 


[b)  / * /4cos*|  — | - / cos' 


4.52  rad 


0.404/  . 


EVALUATE:  (rt  - r%)  is  greater  than  At  2.  so  one  minimum  has  been  passed  as  the  receiver  is  nxived. 

IDENTIFY:  Consider  interference  between  rays  reflected  at  the  upper  and  lower  surfaces  of  the  film.  Consider 
phase  ditVerence  due  to  the  path  difference  of  2/  and  any  phase  differences  due  to  phase  chingcs  upon  reflection. 
SET  UP:  Consider  Figure  35.27. 

Both  rays  ( I ) and  1 2 1 
undergo  a 180°  phase 
change  on  reflection,  so 
these  is  no  net  phase 
difference  introduced  anti 
the  conditKin  for 
destructive  interference  is 

2f  - I /rrtil A. 

2 


Figure  35.27 


Exec  ite: 


,^i> 


thinnest  film  says  hi  - 0 so  f 


650x10  m 


I 14  x |u  in  - 1 1 4 Dm 

the  wavelength  in  the  film,  since  that  is  where  the  path 


A - — — anJ  t — 

1.42  4(1.42)  4<1.42) 

Evaluate:  Wc  compared  the  path  difference 

difference  occurs. 

IDENTITY : Require  destructive  interference  for  light  reflected  at  the  front  and  rear  surfaces  of  the  film. 

SET  UP:  At  the  front  surface  of  the  film,  light  in  air  (u  - l.OO)  reflects  from  the  film  ( n - 2.62  ) and  there  is  a 
180°  phase  shift  due  to  th:  reflection.  At  the  hack  surface  of  the  film,  light  m the  film  ( n - 2.62  > reflects  from 
glass  < it  - 1.62  I and  there  is  na  phase  shift  due  to  reflection.  Therefore,  there  is  a net  180°  phase  difference 
produced  by  th:  reflections.  Th:  path  difference  for  these  two  rays  is  2/.  where  / is  the  thickness  of  the  film.  The 

. , . . , 505  nm 

waveknuth  in  the  him  is  A 

* 2.62 

EXECUTE:  (a)  Sitxc  the  reflection  produces  a net  ISO0  phi.se  difference,  destructive  interference  of  the  reflected 
light  occurs  when  2j  - mJ. I . / - n. I - — ' | - (96.4  iiralw  . The  minimum  thickness  is  96.4  nm. 

* 2(2.62)  J 

(b)  The  next  three  thicknesses  are  (or/n-2,3  and  4:  192  nm.  289  tun  and  386  nm 

Evaluate:  The  minimum  thickness  is  for  r - A <2n  . Compare  this  to  Problem  35.27.  where  th:  minimum 
thickmss  for  ckstructivc  interference  is  t - A t 4/j  . 

IDENTIFY:  The  fringes  arc  produced  by  interference  between  light  reflected  from  the  top  and  bottom  surfaces  of 
the  air  wedge.  The  retractive  index  of  glass  is  greater  than  that  of  air.  so  the  waves  reflected  from  the  top  surface 
of  the  air  wedge  have  no  reflection  phase  shift  and  the  waxes  reflected  from  the  bottom  surface  of  the  air  wedge  do 
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35.30. 


35.31. 


have  a halfcycle  reflccticei  phase  shift.  The  condition  for  constructive  interference  (bright  fringes)  is  therefore 

SET  UP:  The  geometry  of  the  air  wedge  is  sketched  in  figure  35.29.  At  a distance  x from  the  point  of  contact  of 
the  two  plates,  the  thickness  of  the  air  wedge  is  /. 

A 


Execute:  tantf-l  so /-  .v  tan 0.  tm  -(nr-f  xm  -<jim-1) — - — are!  xmti  - (mt|l 

x 2 ' 2 tan# 


distanre  along  the  plate  between  adjacent  fnnges  is  \x  - x - x - — - 1 5.0  fring.es.cm  - jnd 

2 Lin  0 ~ At 


Ay 


13X1 


3.056?  cm . tan(>- 


546*^  10  m 


2Ai  2(0.0667-11)  ' m> 


15.0  fringes’ cm 
4.09x10  4 rad  -0.0234*  . 

Evaluate:  The  fringes  arc  equally  spaced;  Ar  is  xndcpcndmt  of  m 


- 4.09x  10  4 . The  angle  of  the  wedue  is 


: The  fringes  arc  produced  by  interference  between  light  reflected  from  the  top  and  from  the  bottom 
surfaces  of  the  air  wedge.  The  retractive  index  of  glass  is  greater  thin  that  of  air.  so  the  waves  reflected  from  the 
top  surface  of  the  air  wedge  hive  no  reflccticei  phase  shift  and  the  waves  reflected  from  the  bottom  surface  of  the 
air  wedge  do  have  a half-eve  le  reflection  phase  shift.  The  condition  for  constructive  interferenre  { bright  fringes) 
therefore  is  2/  -</w  • 

SET  UP:  The  gcom^ry  of  the  air  wedge  is  sketched  in  figure  35.30. 

luisixi  mm4W(|D,  taB#.i*or«(*.»xlO-V  . 


Execute:  tan0- 


L - (m  ♦ - 1 and  x 

2f8.S9x  10  ) 


Im  -t  2|__— — . — — The  distance  along  the  plate  between  adjacent  fringes 


is  Ay  - x i - x 


).  656x10  * m 

m9>  ""  ”2(8.89  -10  * ) ~ 2|8.S9x  10  4 ) 

l .00  1.00 

aT  ~ 0.0369  cm 


3.69x  10  4 m - 0.369  mm  . The  numher  of  frinc.es  per  cm  is 


- 27. 1 fringes  cm  . 


EVALUATE:  As  / ->  0 the  interference  is  destructive  and  there  is  a dark  fringe  at  the  line  of  contact  between  the 
two  plates 


in 


Figure  35  JO 

IDEM1FV : The  light  reflected  from  the  top  of  the  TiO:  film  interferes  with  the  light  reftxlcd  from  the  top  of  the 
glass  surface.  These  waves  arc  out  of  phase  due  to  the  path  difference  in  the  film  and  the  phase  differences  caused 
by  reflection. 

SET  UP:  There  is  a .t  plia.se  change  at  the  TtO;  surface  hut  non:  at  the  glass  surface,  so  fee  destructive 
interference  the  path  difference  must  be  in  the  film. 

Execute:  (a)  Calling  T the  thickness  of  the  film  gives  27*  - which  yields  T - Substituting  the 

numbers  gives 

T-m  (520.0  nm >'[2(2.62)1  - 99.237/w 
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T must  be  greater  than  1036  nm.  sow  - 1 1.  which  gives  7-  1091.6  tun,  since  we  want  to  kmnv  the  minimum 
thickrcss  to  add 

A r-  1091.6  nm  - 1036  nm  - 55.6  nm 
<b)(i)  Path  difference  - 27-  2(1092  nm)  - 2IK4  nm  - 2 ISO  nm. 

<ii>  The  wavelength  in  the  film  is  A - A<jn  - (520.0  nml‘2.62  - 19S.5  nm. 

Path  difference  - (2180  nmlft  198.5  nmywnvclengtb]  - 1 1.0  wavelengths 
EVALUATE:  Became  the  path  difference  in  the  film  is  1 1 .0  wavelengths,  the  light  reflected  off  the  top  of  the  film 
will  be  180°  out  of  phase  with  the  light  that  traveled  through  the  film  and  wax  reflected  off  the  glass  due  to  the 
phase  change  at  reflection  off  the  top  of  the  film. 

35.32.  IDENTIFY:  Consider  the  phase  difference  produced  by  the  path  difference  and  by  the  reflections.  For  destructive 
interference  the  total  phase  difference  is  an  integer  number  of  half  cycles. 

SET  UP:  The  reflection  at  the  top  surface  of  the  film  produces  a half-cycle  phase  shiff.  There  is  no  phase  shift  at 
the  reflection  at  the  bottom  surface. 

Execute:  (a)  Since  there  is  a half-cycle  phase  shift  at  just  one  of  the  interfaces,  the  minimum  thickness  for 

. . A A.  550 nm  __  _ 

constructive  interference  is  t - 74.3  nm. 

4 4/j  4(1.85) 

(b)  The  next  smallest  thickness  for  constructive  interference  is  with  another  half  wav  elength  thickness  added: 

3A  3 JL  3(550  nm)  __ 

4 4n  4(1.85) 

EVALUATE:  Note  that  we  must  compare  the  path  difference  to  the  wavelength  in  the  film 

35.33.  IDENTITY:  Consider  the  interference  between  rays  reflected  from  the  two  surfaces  of  the  soap  film  Strongly 
reflected  means  constructive  interference.  Conxicto  phase  difference  due  to  the  pith  difference  of  2 J are!  any  phase 
difference  due  to  phase  changes  upon  reflection. 

(a)  SET  Up:  Consider  Figure  35.33. 


There  is  a I80:  phase 

\ l 

change  when  the  light  is 

reflected  from  the  outside 

jsssW 

surface  of  the  bubble  and 

— — 

b - | v 

no  phase  change  when  the 

i . 

light  is  reflected  from  the 

-i® 

inside  Airfare. 

*5.34. 


Figure  35.33 

EXECUTE:  The  reflccticms  produce  a net  1KIX1  phase  difference  and  for  there  to  be  constructive  interference  the 
path  ditTcrence  2/  must  correspond  to  a half-integer  number  of  wavelengths  to  compmsatc  for  the  A/2  shift  due  1 

/ | ^ 

the  reflections,  lienee  Ibe  condition  for  ccmstructivc  interference  is  2/  -[  m-f  — j(xv/ji)  0.1.2....  Here  A,  k 

tlic  wavelength  in  air  and  fn)  is  the  wavelength  in  the  bubble,  where  the  path  difference  occurs. 

2jn  2(290  nm  81. 33)  771.4  nm 


2 


m + L 
2 


for  m - 0.  A - 1 543  nm:  for  m = 1.  A - 5 1 4 nm:  for  m - 2.  A - 30S  nm;. . . Only  514  nm  is  in  the  visablc  region; 
the  color  for  this  wavelength  is  green. 

2/t  2(340  nmMI- 33)  904.4  nm 

~r  i ~ 


(b>  A,  - 


in  ♦ — 


2 2 m * 2 
for  m - 0,  A - 1809  nm;  for  m = l A = 603  nm:  far  m - 2.  A = 362  nm;...  Only  603  nm  is  in  the  viable  region; 
the  color  for  this  wavelength  is  orange. 

Evaluate:  The  dominant  color  of  Ihe  reflected  light  depends  on  the  thickness  of  the  film.  If  the  bubble  has 
varying  thickness  at  different  points,  these  points  will  appear  to  be  different  eolers  when  the  light  reflected  from 
the  bubble  is  viewed. 

IDENTITY:  The  number  of  waves  along  Ihe  pith  is  the  path  length  diviifed  by  the  wavelength.  The  path 
difference  and  the  reflections  determine  the  phase  difference. 

SET  Up:  The  path  length  is  2s  - 17.52  x 10  * m The  wavelength  in  the  film  is  A - — 
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35.35. 


35.36. 


35.37. 


35.38. 


35.39. 


r , 64Hnn  4rvn  , 2 1 17.52x10  * m 

Execute:  (a)  A - 480  nm . The  numl\T  of  wim  is  — 36.5 . 

1.35  A 480x  10  m 

(l>)  The  path  difference  introduces  a A 12 . or  180" , phase  difference.  The  ray  reflected  at  the  top  .surface  of  tbc 
film  undergoes  a IS0°  phase  shill  upon  reflection.  The  reflection  at  the  lower  surface  introduces  na  phase  shift. 
Doth  rays  undergo  a 180"  phase  shift,  cue  due  to  reflection  and  one  due  to  reflection.  Th:  two  effects  cancel  and 
the  two  ra>s  arc  in  phase  as  they  leave  the  film. 

Evaluate:  NiHe  thit  we  must  use  the  wavelength  in  the  film  to  determine  the  number  of  waves  in  the  film. 
iDEVIlfY:  Require  destructive  interference  between  light  reflected  from  the  two  points  on  th:  drsc. 

SET  LtP:  Both  refactions  occur  for  waves  in  th:  plastic  substrate  reflecting  from  the  reflective  coating,  so  they 
both  have  the  same  phase  shift  upon  reflection  and  the  condition  for  destnxtivc  interference  (caixellationl  is 

2 J -(m  + 1>)A.  . where  f is  the  depth  of  the  pit.  A - — . The  minimum  pit  depth  is  for  ni  - 0 . 


H i 


A A Ay  790  nm 

Exec  ute:  2/ — i - 1 10  nm  - 0.1 

2 4 4n  4<l.8) 

Evaluate:  The  path  difference  occurs  in  the  plastic  substrate  and  we  must  compare  the  wavelength  in  th: 
suhstrate  to  the  path  difference. 

Idem  in : Consider  light  reflected  at  the  front  and  rear  surfaces  of  the  film. 

SET  L’P:  At  the  front  surface  of  tbc  film,  light  in  air  (a  - 1 .00  ) reflects  from  the  film  ( n - 2.62  ) and  there  is  a 
180®  phase  shift  due  to  th:  reflection.  At  the  back  surface  of  the  film,  light  m the  film  ( n - 2.62  ) reflects  from 
glass  ( n - 1.62  ) and  there  is  no  phase  shift  due  to  reflection.  Therefore,  there  is  a net  180°  phase  difference 
produced  by  th:  reflections.  Th:  path  difference  for  these  two  rays  is  2/.  where  i is  the  thickness  of  the  film.  The 

waveVmuth  in  the  film  is  A i - nm 


2.62 


Execute: 

light  ix* curs  when  2 J - mA  . t - m 


(a)  Since  the  reflection  produces  a net 
505  nm  \ 


phase  difference,  destructive  interference  of  the  reflected 
- 1 96.4  n<n)m  . The  minimum  thickness  is  96.4  nm. 


2J2.62],' 

(b|  The  next  three  thicknesses  are  for  m - 2 , 3 and  4:  192  nm.  289  nm  and  386  run. 

Evaluate:  The  minimum  thickness  is  for  t = Atln  . Compare  this  to  Pre>bV:m  34.27.  where  th:  minimum 
thickwss  for  destructive  interference  is  t - A f 4/j  . 

I DEV  Ilf  Y and  SET  UK  Apply  Eq.(35.I9)  and  cakulatc  v for  m - 1800. 

Execute:  Eq.(3S.19)  v-mfx/2)-  1800(633x10  • m)/2- 5.70x10  * m- 0.570  mm 

EVALUATE:  A small  displacement  of  tbc  mirror  corresponds  to  nviny  wavelengths  and  a large  number  of  fringes 
cross  the  line. 

IDCMTEY:  Apply  1*4(35.19). 

SET  LtP:  m - 8 IS.  Siixe  the  fringes  move  m opposite  directicms.  tbc  two  people  move  the  minor  in  opposite 

directions. 

..  ...  . , ml  818(6.06*10 ’m) 

EXECUTE:  (a)  For  Jan.  l he  lirtal  'hill  w*i  i 

mi,  818(507*10’’  m) 

~2  2 


- 2.4S<  10  *m.  For  I.lnda.  the  total  shift 


was  v 


2.05x|O 


(b)  The  net  displacement  of  the  mince  is  the  ditTercnce  of  the  above  values: 

Ay  - y\  - \\  - 0.248  mm  - 0.205  mm  - 0.043  mm. 

Evaluate:  The  person  using  the  larger  wavelength  moves  the  mirror  the  greater  distance. 

iDEMlfY:  Consider  the  interference  between  light  reflected  from  the  lop  and  bottom  surfaces  of  the  air  film 

between  the  kns  and  the  glass  plate. 

SET  LtP:  For  maximum  intensity,  with  a net  half* cycle  phase  shift  due  to  reflections.  2t  - 1 irt  -t  -1  \A. 


K-JFI7. 

(2/w 


EXEC  UTE: 


1M 


7 


(2m -t  1U 


(2m +1)4  ° 

4 


r v 


\2m  + lWR 


for 


2 
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35.40. 


35.41. 


35.42. 


35.43. 


The  second  bright  ring  in  when  m - 1 : 


(2(1)  + 1)  (5.80  x 10  m) (0.952  m| 


9.10  x 10  m-  0.910 


So  the  diameter  ot*  the  second  bright  ring  1%  1 .82  mm. 

Evaluate:  The  diameter  of  the  ring  is  proportional  to  *j2m  *■  I . so  th:  rings  get  closer  together  as  mi 
increases.  This  agrees  with  Figure  35.17b  xn  the  textbook. 

iDEMltY:  .‘Vs  found  in  Problem  35.39.  the  radius  of  the  wth  bright  ring  is  r * % for  R *>  A. 


Set  UP:  Introducing  a liquid  between  the  lens  and  the  plate  just  changes  the  wavelength  from  A to  — . where 

»t 

is  the  refractive  index  of  the  liquid. 


Execute:  r(»)» 


(2m  ♦ \}AR  r 0.850  mm 


- 0.737 


2n  7"  Vf-33 

EVALUATE:  The  refractive  indr.x  of  the  water  is  less  than  that  of  th:  glass  plate,  so  the  phase  changes  on 
reflection  ore  the  same  as  when  air  is  in  th:  space. 

iDt.MItY : The  liquid  alters  the  wavelength  of  the  light  and  that  a fleets  the  locations  of  the  interference  minima. 
SET  UP:  The  interference  mmima  are  located  by  tf  si nff  - (m  ♦ ihi  - For  a liquid  with  refractive  index  n. 


Exec  he: 


ii  n0„  rin  35.20° 
sintf.  ~ sin  19.46' 


730, 


EVALUATE:  In  Ihc  liquid  the  wavelength  is  shorter  and  si nff  - (m  + -I—  gives  a smaller  0 tlion  in  air.  for  tlie 


same  in. 

Idem  IF Y : As  the  brass  is  heated,  thermal  expansion  will  cause  the  two  slits  to  move  farther  apart. 

SET  UP:  For  destructive  interference,  d sin  0 - AJ2.  The  change  in  separation  due  to  thermal  expansion  isdw  - 
r/w  * dT*.  where  h*  is  Ihc  distance  between  Ihc  slits. 

Execute:  The  first  dark  fringe  is  at  d sin  ff - All  ->  sin  0 - AJld. 

Call  d-  w for  tltesc  calculations  to  avoid  confusxm  with  the  differential.  sin  ff - Afhv 
Taking  difleientuls  gives  dV»n  (A  - d | a2m  > and  cos  ff  iff-  - AJ1  dwAP*. 

A awJT  AadT 


l or  thermal  expansion,  dw  - OM’odJ,  which  gives  coxffdff  - — 
AadT 


2 7'  2«„ 

Get  A:  h\>  sin  (A,  - A/2  ->  A - 2wv  sinft.  Substituting  this  quantity  into  the  equation  fcvdff  rives 


Solving  tor  dO gives 


iff- 


2... 


2„Mn^./7  _ 


•it  cosff 


iff  ^-tont32.5“X 2.0x10  K X 1 1 5 K)  - -41.001465  rad  - -0.084 
The  minus  sign  tells  us  that  the  dark  fringes  move  closer  together. 

Evaluate:  We  can  also  sec  that  the  dark  fringes  move  closer  together  because  sinff  is  proportional  to  l.'d.  so  as 
J increases  du:  to  expansion.  0 decreases. 

iDf.MltY : Both  frequencies  w ill  interfere  constructively  when  the  path  difference  from  both  of  them  is  an 
integral  number  of  wavelengths. 

SET  UP:  Constructive  inlcrlereixc  occurs  when  sinff-  m/jd. 

EXECUTE:  First  find  the  two  wavelengths. 

Ax  - »\/,  - <344  nvsK(900  II/)  - 0.3822  m 
A:  - v>/:  - <344  ms>(l200  Hz)  - 0.2867  m 

To  interfere  constructively  at  the  same  angle,  the  angles  must  he  the  sam:.  and  hence  th:  sines  of  the  angles  must 
be  equal.  Each  sine  is  of  the  form  sin  ff-  mAJd . so  we  can  equate  the  sines  to  get 

mxA^d  - m:A2d 

m, <0.3822  m>  - m2l  0.286?  m) 

m;  - 43  mi 
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35.45. 


35.46. 


35.47. 


35.48. 


Since  both  m\  and  «i;  must  be  integers,  the  allowed  pairs  of  values  of  nti  and  a?;  arc 

m,  - /w:  - 0 
m,  — 3.  aii;  - 4 
m i • 6.  ui;  - S 
Iff  | " 9.  Ill;  - 1 2 


etc. 


For  nti  - in;  - 0,  we  have  0-  0. 

I or  mi  - 3.  ui;  - 4.  we  have  sin  0 - (3X0.3822  m>'(2.50  m).  giving  0 - 27.3° 

For  m,  - 6.  hi,  - 8.  we  have  sin  ^ - (6X0.3822  my  (2. 50  m).  giving  0,  - 66.5° 

For  m,  - 9.  m2  - 12.  we  have  sin  0,  - <9)f0.3822  m)'(2.50  m)  - 1.38  > 1.  so  no  angle  is  possible. 
Evaluate:  At  certain  other  angles,  one  frequency  will  interfere  constructively,  but  tbc  other  will  not. 

I 


iDEVnEY:  r or  doiructivc  intertercncc.  d - r,  -r,  - |/.. 


Set  Up:  t\  -r,  - J(200  m filr -x 


Execute:  (200  m> 
20.000  m’  I 


X - X 


Tj/.  ♦2x|*w^-U, 


- U 

2 


- — { ffj-f—  •/..  The  wavelength  is  calculated  by  A - — l<>  ‘ 11  M " 5 1 .7 

2\  2 / * f 5.80x  ICfllz 


1 


m _ 0 : x - 761  m:  tn  - 1 : x - 2 19  m:  m = 2 : x * 90.1  m;  w - 3:  x - 20.0  m. 


EVALUATE:  For  m - 3,  J - 3.5^.  -181m.  The  maximum  possAdc  path  difference  rs  the  separation  of  200  in 
between  the  sources. 

iDEMm  : The  two  scratches  are  parallel  slits,  so  tfo:  light  that  passes  through  them  produces  an  interference 
pattern.  However  the  light  is  traveling  through  a medium  (plastic)  that  is  different  from  air. 

SET  Up:  The  central  bright  fringe  is  bordered  by  a dart;  fringe  on  each  side  of  it.  At  these  dark  fringes,  d sin  0- 
x/x  Atny  where  n is  the  refractive  index  of  the  plastic. 

EXECUTE:  First  use  geometry  to  find  the  angles  at  which  the  two  dark  fringes  occur.  At  the  First  dark  fringe 
tan0-  [(5.82  mm>a^3250  mm),  giving  0-  i.0.0513* 

For  dcstrvxtivc  interference,  we  have  d sm  0-  Vi  ?Jn  and 


n - A'(2i/sin  <h  - (632.8  nmbt 2(0.000225  *n)(nn 0.0513°»  - 1.57 
Evaluate:  The  wavelength  of  the  light  in  the  plastic  is  reduced  compared  to  what  it  would  be  in  air. 
iDEVim  : Interference  occurs  due  to  the  path  difference  of  light  in  the  thin  film. 

SET  Up:  Onginally  the  path  ditYcrencc  was  an  odd  number  of  half- wavelengths  for  canrellation  to  occur.  If  the 
path  ditYcrencc  decreases  by  Y*  wavelength,  rt  will  be  a multiple  of  the  wavelength,  so  constructive  interference 
will  occur. 

EXECUTE:  Calling  AT  the  thickness  that  must  b:  removed,  we  have 

path  dilTcience  - 2A T - 'A  )Jn  and  A 7 - A/in  - (525  nmK[4|  1 .40))  - 93.75  nm. 

At  4.20  nm  yT.  we  have  (4.20  nnvyrfr  - 93.75  nm  and  / - 22.3  >t. 

EVALUATE:  If  you  were  giving  a warranty  on  this  film,  you  certainly  could  not  give  it  a “lifetime  guarantee”! 
Idem  it  v and  SET  Up:  If  the  total  phase  difference  is  an  integer  number  of  cycles  the  interference  is  constructive 
and  if  it  is  a half- integer  number  of  cycles  it  is  destructive. 

EXECUTE:  (a)  If  the  two  sources  are  out  of  phase  by  ock  half  cycle,  wc  must  add  an  extra  half  a wavelength  to 
the  path  difference  equations  Fq.(35.1 ) and  I:q.(35.2).  This  exactly  changes  one  for  the  other,  fw 
m m -t  i and  m.  since  m in  any  integer. 

(h)  If  one  source  leads  the  otforr  by  a phase  ancle  f . the  fraction  of  a cvcle  difference  is  Thus  the  ixith  length 

2>r 

difference  for  the  two  sources  must  be  adjusted  for  both  destructive  and  constructive  interference,  by  this  amount. 
So  for  constrelivc  inference:  fj  — r2  = (m  -f  fj2x)Xs  and  for  destructive  interference,  r,  - r2  = im  -t  1/2  - JflxiA . 
w litre  m each  case  m - 0.11.2:2. ... 


Evaluate:  If  £ - 0 these  results  reduce  to  Eqs.(35. 1 1 aixl  (35.2). 

IDEMUY:  Follow  the  steps  specified  in  the  problem. 

SET  Up:  Use  cos (a*  ♦ f/2)  - cos(ntf)cos(^/2)-sin(AT)stn(^/2).  Then 

2cos|>*  2)cos<ni  • ^'2>- 2cos(^)cos*(^'  2>  - 2sin<ut)sin<^ '2)cos(^.' 2t . Then  use  cos:(^/2)=  - — L arxl 


2 
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2sir*#.'  2)cos|  ** / 2)  - sin  £ . This  gives  m(fat)  + (co*(iyf>c<*(0)  - sml a* Isinl^))  - ccwl  td ) + co*i<w  * #> , using 
again  the  trig  identity  for  the  cosine  of  the  sum  of  two  angles. 

EXECUTE:  (a)  The  electric  field  is  the  sum  of  the  two  fields  and  can  be  written  as 
Eg.it) ^ E2(t)  + £(/)  = £co + Eco*cX  + . £,.(f)  = 2£cos|>  /2)oo<a*  + */2) . 

(b)  £ (0  - + &>2)s  so  comparing  with  part  (a).  we  sec  that  the  amplitude  of  the  wave  I which  is  always 

positive)  must  be  A - 2£  |cos(^V2)| . 

(c)  To  have  an  interference  maximum.  2xm  . So.  for  example,  using  m - I,  the  relative  phases  ore 


£;:  O.  £ : fi  - 4.r;  £y  — - 2^ . and  all  waves  are  in  phase. 

Id)  To  have  an  interference  minimum.  £ - «t|  »»i  + |.  So.  for  example  using  tn  - 0.  relative  phases  arc 

£>:  0:  Et:  E/-  ^'2  — x>2+  and  the  resulting  wave  rs  out  of  phase  by  a quarter  of  a cycle  from  both  of  the 

original  waves. 

(c)  The  instantaneous  magnitude  of  the  Poynting  vector  is 

| S h - ^t/<4£:  cos  (d/2)cos*(&r  ♦ */2»). 


I or  a time  average.  cos2(«f  -t  $[2)  - so  |S#,|  - 2zr,r£* cos*<^/2). 

EVALUATE:  The  result  of  part  |c)  shows  that  the  intensity  at  a point  depends  on  the  phase  datYdcnce  ^at  that 
point  for  the  waves  from  each  source. 

IDEM  itv : Follow  the  steps  specified  in  the  problem. 

SET  Up:  The  definition  of  hyperbola  is  lb:  locus  of  poults  such  that  the  difference  between  P to  S.  and  P to  S is 
i constant. 

Execute:  (a)  Ar  - m?. . rx  - %/r*  * (y  - »/ > and  r3  » Jx’ t- ( »•  -t  d >* . 

.v  - » ( V . df  - ^ . Iv  - </)■  - . 

|b)  For  a given  m and  a . Ar  is  a constant  aixl  we  get  a hyperbola.  Or.  in  the  case  of  all  ni  for  a given  a . a family 
of  hypcvbofas. 

(c»  Ji'-O'-JI1  -Ji1  •(>-rf)> 

EVALUATE:  The  hyperbolas  approach  straight  lines  at  hrge  distances  from  the  source. 

Idem  it  v : Follow  the  derivation  of  Eq.(35.7).  but  with  different  amplitudes  for  the  two  waves. 

SET  UP:  cos**  - #)  - -cosp 

EXECUTE:  (a)£;  = E{  -*  Ej  -2ElE1co*z-S)  ^ E3  *t  4£*  + 4£:cos**  - 5£*%  r 4£:cus** 

/ - r-vj|  ^£*  |+|  i£ajoo*^l  ^-0  =>  I0-jX’tyE3.  Therefore.  / - I.  • Icos^  |. 


? 9 


(b)  The  graph  is  shown  in  Figure  35.50.  /...  - — /,  which  occurs  when  - nz(n  oddi. 

EV  ALUATE:  The  maxima  and  minima  cecur  at  th:  same  points  on  the  screen  as  when  th:  twxi  sources  have  the 
same  amplitude,  but  when  the  amplitudes  arc  different  the  intensity  is  no  kmger  zero  at  the  minima. 

X6Yrv 


Figure  35-50 
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Identify  and  SET  UP:  Consider  interference  between  rays  reflected  fn>m  the  upper  and  lower  surfaces  of  the 
film  to  relate  the  thickness  of  the  film  to  the  wavelengths  for  which  there  is  destructive  interference.  The  thermal 
expansion  of  the  film  changes  the  thickness  of  the  film  when  th:  temperature  changes. 

Execute:  Tot  this  film  on  this  glass.  there  is  a net  A /2  phase  change  due  to  reflection  and  th:  condition  for 
destructive  interference  is  2(-»\(A*n),  where  n - 1 .750. 

Smallest  nonzero  thickness  is  given  by  / - 2/2#?. 

At  20.0:C, I,  - (582.4  nm).'I(2 XI. 750)1  ^ 166.4  ron 
At  17CTC,  4, -(5883  nm),’|(2K1.750)l  = 168.1  nm 
r =/.,<!  +a\T)  so 

n-(l-'J>,(riAr)-(1.7nm).’I(l66.4  nmXI50°C)J  = 6.8*l0''(O'' 

Evaluate:  When  th:  film  is  heated  its  thickness  increases,  and  it  takes  a larger  wavelength  in  the  film  to  equal 
2f.Thc  value  we  calculated  for  a is  th:  same  order  of  magnitude  as  those  given  in  TaMc  17.1. 

IDENTIFY  and  Set  Up:  At  the  m - 3 bright  fringe  for  the  red  light  there  must  be  destructive  interference  at  th« 
same  0 for  the  other  wavelength. 

Execute:  Tot  constructive  intcrfcrecKc:  dnnO  - mA  zxfsmtf  - 31700  nm|  - 2100  nm.  Tor  destructive 


interference:  d \\i\0  =1  m + J.  \X>  =>  X,  - 


d iin  0 2 100  tun 


So  the  possible  wavelengths 


A.  * 600  nm.  for  m - 3.  and  Ai  - 467  nm.  for  m - 4. 

EVALUATE:  Both  d and  0 drop  out  of  the  calculation  since  their  combination  is  Just  the  path  difference,  which  is 
the  same  for  both  types  of  light. 

Identify:  Apply  / - /..cos  Tl* 


SET  UP:  / - /t/2whcn  —sin#  is  — rad  . — rad 

A 4 4 

EXECUTE:  Tnt  we  n:cd  to  find  the  angles  at  which  the  intensity  drops  by  one  - half  from  the  value  of  the  /w* 


irf 


2 A 
3 A 


^.(^1/2)1. 


bright  fringe.  / - /.,  ci 

m-Q.O-O  -—.m  -\:0 -O' =>A0_ . 

Ad  Ad  Id 

EVALUATE:  There  is  no  dependence  on  the  /w-valuc  of  the  fringe,  so  all  fnnges  at  small  angles  have  the  same 
half- width. 

Identify:  Consider  the  phase  difference  pnxluced  by  the  path  difference  and  by  the  reflections. 

SET  UP:  There  is  Just  ooc  half-cycle  phase  change  upon  reflection,  so  fee  constructive  mtcrfererxe 
2 / - + r-Mi  - («;■  + t)a>.  where  these  wavelengths  arc  in  the  glass.  The  two  different  wavelengths  differ  by  Just 

cine  #w -value, m,  -«,-l. 


Exec  ite: 


-t) 


477.0nm-t  540.6  nm 


w.  - 


A^mfA.-A,, 

2i  - 1 8 * i ’ 


2 Hi,-*,) 

'W-n) 


2{  540.6  nm- 477.0  nm  I k 2)  n 4(1.52) 

EVALUATE:  Now  that  we  have  / we  can  calculate  all  the  other  wavelengths  for  which  there  is  constructive 
interference. 

IDENTIFY:  Consider  the  phase  difference  du:  to  the  path  difference  are!  due  to  the  reflation  of  one  ray  from  the 
glass  surface. 

(a)  SEr  IIP:  Consider  figure  35.55 


path 

difference  - 
2yjhs  ***.'4  - x = 
J*h3  + x3  -x 


Figure  35.55 
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35.57. 


35.58. 


35.59. 


Since  then:  is 


phase  change  for  the  reflected  ray.  the  condstxm  for  constructive  interference  b path 


difference  -|  m + — |/.  and  the  condition  for  destructive  iitterterence  is  path  difference  - nt/.. 


(I>)  Execute:  Constructive  interference:  | m + i U - + x*  - x and  ✓.  - 


JJi? "77- 


i 


L oncost  A is  Air 


??  - (i  and  the 


i J.  - 2(  -J4h’  J4<0.24  ml'  • 10. 1 4 m);  - 0. 1 4 m | - 0.72 


it: 


Evaluate:  For  A - 0.72  m the  path  difference  is  A/2. 

IDENTIFY:  Require  constructive  interference  fee  the  retleclxm  from  the  top  and  bottom  uirfees  of  each 
cytoplasm  layer  and  each  guanine  layer. 

SET  UP:  At  the  water  (or  cytoplasm t to  guanine  interface,  there  b a half-cycle  phase  shift  for  the  reflected  light, 
hut  there  b not  one  at  the  guanine  to  cytoplasm  interface.  Therefore  there  will  ahvayx  lx  one  half-cycle  phase 
difference  between  two  neighboring  reflected  beams,  (ust  due  to  the  reflections. 

EXECUTE:  For  the  munine  layers: 


(*-ii 


2(74  nm) (I . 


266  nm 


For  the  cytoplasm  layers: 

(mr±l 


2 


(m+l) 

2(100  nmM  1.333)  267 


i = 533  nm  (m  - 0). 


A - 533  nm  (in  - 0|. 


(m-fi) 

(b)  By  hiving  many  layers  the  reflection  is  strengthen^!.  because  at  each  interfere  some  more  of  the  transmitted 
light  gets  reflected  back,  increasing  the  total  percentage  reflected. 

(O  At  ditferent  angles,  the  path  length  in  the  byers  changes  I alway  s to  a larger  value  than  the  normal  inci&nce 
case).  If  the  path  length  changes,  then  so  do  the  wavelengths  that  will  interfere  constructively  upon  rcfloctxm. 
EVALUATE:  The  thxkncss  of  the  guanine  and  cytoplasm  layers  are  inv  ersely  proportional  to  tlxir  refractive 

indices  j ^ ^ - j . so  bnth  kinds  of  layers  produce  constructiv  e interference  for  the  same  wavelength  in  air 


IDENTIFY : The  slits  will  produce  an  interference  pattern,  but  in  the  liquid,  the  wavelength  of  tlx  light  will  he  less 
than  it  was  in  air. 

SET  UP:  The  fust  bright  fringe  occurs  when  J sin  O - Ain. 

Execute:  In  air  Ain  180°  - A In  the  liquid:  Ain  12.6°  - Ain.  Div  iding  the  equations  gives 

n - (sin  1 8.0' V( sin  12.6°)  - 1.42 

EVALUATE:  It  was  not  necessary  to  know  the  spacing  of  the  slits,  since  it  w as  the  same  in  both  air  and  the  liquid 
IDENTIFY:  Consider  light  reflected  at  the  top  and  bottom  surfaces  of  the  film.  Wavelengths  thit  are  predominant 
in  the  transmitted  light  arc  those  fix  which  there  cs  destructive  interfere ixc  in  the  reflected  light. 

SET  UP:  For  the  waves  reflected  at  the  top  surface  of  the  oil  film  there  is  a half-cycle  reflection  phase  shift.  For 
tlx  waves  reflected  at  the  bottom  surferc  of  the  oil  film  there  is  no  retleclxm  phase  shift.  The  condition  fix 
constructive  interference  is  2 J - \m  ♦ ±\A.  . The  ccnditxm  for  destructive  interference  is  2f  - niA  . The  range  of 


visible  wavelengths  is  approximately  400  nm  to  700  nm.  In  the  oil  film,  A — — . 


Execute:  (a)  2r  «<»  + $* »(m*i)-S.. 


2 Jn  2(380  nun  Hi. 45)  1 102  nm 


n?  - 0 : A0  - 2200  nm  . «i  - I : Av  - 735  nm  . m - 2 : Al>  - 44 1 nm  . m - 3 : Ax  - 315  nm  . The  visible 
wavcfcngth  for  w hich  there  is  constructive  interfererxe  in  tlx  reflected  light  is  441  nm 

(b)  2j  - m A -u i — A^  - J-!— ^ 1 : A%  - 1 102  nm  . m - 2 : A,  - 55 1 nm  . ui  - 3 : A%  - 367  nm  . 

n mm 

The  visible  wavelength  fee  which  there  is  destructive  interference  in  the  reflected  light  is  551  nm.  His  is  the 
visible  wavelength  predominant  in  the  transmitted  light. 

EVALUATE:  At  a particular  wavelength  tlx  sum  of  the  xntensitxs  of  tlx  reflected  and  transmitted  light  equals  the 
intensity  of  the  incident  light. 

(a)  IDENTIFY  : The  wavelength  in  tlx  glass  is  decreased  by  a factor  of  lfn%  so  for  light  through  the  upper  slit  a 
shorter  path  is  ncc&d  to  produce  the  same  phase  at  the  screen.  Therefore,  the  interference  pattern  is  shifted 
downward  on  the  screen. 

(b)  SET  UP:  Consider  the  total  phase  difference  produced  by  the  path  length  difference  and  also  by  the  different 
wavcVmgth  in  the  glass. 
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.15.60. 


35.61. 


35.62. 


EXECUTE:  At  a pwnt  oo  Ihc  screen  localed  by  the  angle  0 the  difference  in  path  length  is  danO.  This 
introduces  a pha.se  difference  of  <*  - 1 l(i/  wn  /7  k where  i*  the  wavelength  of  the  light  in  air  or  vacuum. 

In  the  thickness  L of  glass  the  number  of  wavelength*  is . A corresponding*  length  L of  the  path  of  the  ray 

* K 

through  the  lower  slit,  in  air,  contains  Lf/$  wavelengths.  The  phase  difference  this  introduces  is 

t - 2*|  j-  I and  ^ - 2jx(h  - 1 MX.  •'  A+).  The  total  phase  difference  is  the  sum  of  these  two. 

% 

2ir 


— (d sin 0 1 + 2x(ii  - 1ft L • AJ  = (2* . ac>  )*f an0+L{n-\ )>.  Eq.(35. 10)  then  gives 


r-/. 


1 

4-  rfnn0  + L(n-\)\ 


|c)  Maxima  means  costf/2  - rl  and  d > 2 - m*.  m - 0.  ±1,  *2....  (x,,AxMd>an0  + L{n- 1»- rr* 

;/sin^  + £</i  - 1)  - 

d 

EVALUATE:  When  /.  -♦  0 or  n ->  I the  effect  of  the  plate  goes  away  and  the  maxima  an:  located  by  Eq.(35.4) 
IDENTIFY:  Dark  fringes  occur  because  the  path  difference  « one-half  of  a wavelength. 


SET  L'P:  At  the  first  dark  fringe,  ifcintf  - A'2.  Th:  intensity  at  any  angle  0 rs  given  by  / = / cos* 


zJsinO 


(a)  At  the  first  dark  fringe,  we  have 


rf  sin  0 - A'2 

d/A  - 2T2  sin  15.0°>-  1.93 


j *rfsm0\  / 
(b)  / cos  : — 


xdtinO 


" 


V /. 

xdsinO 


7l« 

1 


- arccos 


-71.57°-  1.249  rad 


A 

Uring  the  result  from  part  (a),  that  dtt  - 1 .93,  we  have  x(  1.93  kin  0 - 1.249.  sin  0 - 0.2060  and 

0-&II.9* 

Evaluate:  Since  the  first  dark  fringes  occur  at  115.0°,  it  is  reasonable  that  at  *12°  the  intensity  is  reduced  to 
only  1/10  of  its  maximum  central  value. 

IDEM  ifx  : There  arc  two  effects  to  be  considered:  first,  the  expansion  of  the  nxl.  and  second,  the  change  in  tlx 
rod’s  refractive  index. 

S»:r  L'P:  A - — and  An  - n.  12.50- 10  1 <C)  ')A  T . At  - £,<5.00*10*  (C)'|A7\ 


Execute:  The  extra  length  of  nxl  replaces  a little  of  the  air  so  that  the  change  in  the  number  of  wavelengths  due 


to  this  is  given  by:  AV 


2rt  AI  2/7  A L T 


md 


IV,  - 


^ A.  ** 

2(1  AS -1)0.030  mH  5.00  x 10  SC°)(5.00  C°) 


22 


5.K9x  10  in 

The  change  in  the  number  of  wavelengths  due  to  the  change  in  refractive  index  of  the  rod  is: 
v,  JAn^t,  2(2.50*  10  '/'C’XS.CO C/ninXI -00 mm  1(0.0300 m) 

1 X,  5.89-10  m 

So.  the  total  ehinge  in  the  number  of  wavelengths  as  the  rod  expands  is  AV  = 12.73  + 1.22-  14.0  fringes’minute 
Evaluate:  Both  effects  increase  tlx  number  of  wavekngths  along  th:  length  of  the  rod  Both  A L and 
AJkUu  arc  very'  small  and  the  two  effects  can  he  considered  separately. 

I DEMUX : Apply  SnelTs  law  to  the  refraction  at  the  two  surfaces  of  the  prism  S>  and  serve  as  coherent 

Rd 

sources  so  the  fringe  spacing  is  Av  - . where  d is  the  distance  between  S(  and  S:  . 


Interference  35-17 


SET  UP:  For  small  angle**  sin#  =»  0 * with  0 expressed  in  radian*. 

EXECUTE:  (a)  Sitxc  we  can  approximite  the  angle*  of  incxlcnre  on  th:  pnsm  a*  being  small.  Snell's  Law  tell* 
u*  that  an  incident  angle  of  0on  tlx  flat  sxlc  of  the  prwm  enters  the  prism  at  an  angle  of  Ojn%  wliere  n is  the 
index  of  refraction  of  the  prism.  Similarly  on  leaving  the  prism,  the  in-gixng  angle  is  Ofn  — A from  the  normal, 
and  the  outgoing  angle,  relative  to  the  prism,  is  n(Ajn  -A).  So  the  beam  leaving  the  prism  i*  at  an  angle  of 
(f  - n{Ojn  -A)  + A from  the  optical  axis.  So  0 - (Y  - <n  - ] )A.  At  the  plane  of  the  source  St . we  can  calculate  the 


height  of  one  image  atxivc  the  source:  — - lan<0  - (f\a  » ( 0 - (Y\a  - <n  - 1 )Aa  r*  d - 2aA(n  - 1). 
(b)  To  find  the  spacing  of  fringes  on  a screen*  we  use 

RA  (2.03  m + 0.200  m) (5.00 * 10  ? m) 


. RA 
\y  - — - 

d 2aA{n  - l> 


:i0’00m>(3.50xl0  radii  1.50 -1.00 I 


- 1.57  v IQ  m. 


EVALUATE:  The  fringe  spacing  is  proportional  to  the  wavelength  of  the  light.  The  bipriun  serves  as  an 
alternative  to  two  closely  spared  narrow  slits. 


Diffraction 


36 


36.1.  IDENTIFY:  Use  y = xlm  ft  to  calculate  the  angular  position  ft  of  the  lint  minimum.  The  minima  are  located  by 
Eq.(362):  sinft  = — . m = ±l.  ±2..  First  xnuunxim  meant  m=\  and  sin 0 =A/a  and  2 = asanft.  Use  this 


equation  to  calculate  A. 

SET  Up:  The  central  maximum  ts  sketched  in  figure  36. 1 . 


*.=  135  mm 


EXECUTE:  VJ  - * tan  ft 


135x10"’ m . 

= 0.675  x 1 01 

200  m 

0 =0.675x10“’  rad 


Figure  36.1 

A = eum0l  =(0.750x10"’  m)sin(0.675xl0"’  rad)  =506  nm 

Evaluate:  0 is  small  so  the  icproximalioa  used  to  obtain  Eq.(36.3)  is  vahd  and  this  equation  could  have  been 


36.2.  IDEVTIFY:  The  ancle  is 


SETUP:  =102  ram 

..  xA  xA  (0.600  mX5.46xlO“’ m)  - 

Execute:  y.=  — -a — = , =3.2lxicr  m. 

a y,  10.2x10"’  m 

EVALUATE:  The  diffraction  pattern  is  observed  at  a distance  of  60.0  cm  from  the  slit. 

36.3.  IDEVT1FY:  The  dark  fringes  arc  located  at  angles  0 that  satisfy  sin  ft  = — m=±l  ±2 

a 

SET  UP;  TV  largest  value  o!  Urn  61  is  1 .00. 


Execute:  (a)  Solve  for  m dial  corresponds  lo  siotf  = l:  m = 4=  ■'  11 — “ =113.8.  TV  largest  value  m 

A 585xl(T  in 

can  have  is  1 13.  m =±1 . ±2 ±1 13  gives  226  dark  fringes. 

<b»  R>r  m =±113.  «n0  = ±ll3  -5S5<-1"  =±0.9926  and  0 = ±83.0^. 

I 0.0666x10-'  m ' 

Evaluate:  When  IV  slil  width  a is  decreased,  there  are  fewer  dark  fringes.  When  a<A  there  are  no  dark 
fringes  and  the  central  marimiim  completely  fills  the  screen. 

36.4.  IDE-Vnrv  and  SET  UP:  Ala  is  very  small,  so  the  approximate  expression  v.  = R is  accurate.  TV  distance 

a 

between  the  two  dark  fringes  on  either  ude  of  the  central  maximum  is  2yx . 

Execute:  y,  = ^L  = <633p  7s0x7q-1 m>  =2-”XlO~*  m = 2.95  mm.  2*=5.90mm. 

Evaluate:  When  a is  decreased,  the  width  2 v.  of  the  central  maximum  increases. 


36.5.  IDEVT1FY:  The  minima  are  located  by  sin  ft  = 

a 

SETUP:  a = 12.0 cm.  x= 40.0 Cm. 


36-1 
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EXECUTE:  He  ancle  to  the  lint  minimum  ix  0 = arcs  in ' d ' = arcsin  9 °°  001  ' = 48.6°. 

[a)  12.00  cm 

So  the  distance  from  the  central  maximum  to  the  first  minimum  is  just  ^ = x tan  0 = 

(40.0  cm)tan(48.6*)  = ±45.4  cm. 

Evaluate:  2 Xia  ix  greater  than  l . so  only  tlx  m = 1 minimum  ix  seen. 

36.6.  IDEJOIFY:  The  angle  that  locales  the  tirxl  diffraction  minimum  on  one  side  of  the  central  maximum  ix  given  by 

rin0  = —.  The  lime  between  crests  is  the  penod  T.  / =1.  and  A = — . 

SET  Up:  The  time  between  crextx  ix  the  period,  so  T = 1.0  h . 

11  * - v*  SOL)  kmh 

Execute:  (a)  / = - = = 1.0 h . X=—  = .-  = 800  km. 

r i.oh  / l.o h-‘ 

800  km 

<b)  Africa- Anlarcbca:  sin0  = and  0=  10.2  . 

45C0  km 

Australia- Antarctica  san0  = — ■ and  0 = 125'  . 

3700  km 

Evaluate:  Diffracbon  elTecls  are  observed  when  the  wavelength  is  about  the  xanx  order  of  magnitude  ax  the 
dimeosionx  of  tlx  opening  through  which  the  wave  paxxcs. 

36.7.  lDE>mFY:  We  can  model  the  hole  in  the  concrete  barrier  as  a single  slit  that  will  produce  a single-xlit  diffracbon 
pattern  of  the  water  waves  on  the  shore. 

SET  Up:  For  single-slit  diffracbon.  the  angles  at  which  destrucbve  interference  occurs  are  given  by  xm0„  = mXJa, 
where  m = 1.2.3 

Execute:  (a)  The  frequency  of  the  water  waves  is/=  75.0  min-1  =125  s_l  =1.25  Hr,  so  their  wavelength  ix  A = 
(15.0  ciDfsM  1.25  Hz)  = 12.0  cm 

At  the  first  point  for  which  destructive  interference  occurs,  we  have 
tan  0=  (0.613  mV(3.20  m)  ^ 0=  10.84".  a sin  0=  A and 

a = Afiin  0=  (12.0  cmy(«n  10-84*)  = 63.8  cm. 

<b)  first  find  the  angles  at  which  destmcbve  interf  erence  occurs. 

sin  A = 2)Ja  = 2(12.0  cmV(63.8  cm)-s  ft  = ±22.1* 
sin  ft  = 3 Xia  = 3(12.0  cmV(63.8  cm)-s  ft  = ±34.3* 
sin  ft  = 4 A/a  = 4(12.0  cmV<63.8  cm)  -♦  ft  = ±48.8" 


36.8. 


36.9. 


sin  ft  = 5 Afa  = 5(12.0  cmV<63.8  cm)-s  ft  = ±70.1* 

EVALUATE:  These  axe  large  angles,  so  we  cannot  use  the  approximation  that  ft  mAJa. 

mX 

IDENTIFY:  The  minima  are  located  by  sin  0 = . For  part  (b)  apply  Eq.(36.7). 

a 

Set  UP:  For  the  first  minimum,  m- 1 . The  intensity  at  0 = 0 is  /0. 

EXECUTE:  (■>  sin0  = — = Un90.C  = l = — = -.  Thu*  a = ^ = 580mn  = 5.80xl0‘4  mm 
a a a 

(b)  According  to  Eq.(36.7). 

I _ | rfo[<r<>(Bn0)/l] |‘  _ | *in(ir(*mjr/4)]|2 _n  ng 
xa(*in0)  A | | ,T(*in;r/4)  | 

EVALUATE:  If  0 = ^/2.  fee  example.  Ibenat  0=45°.  1=  I *°l<g/2Xup,T/4>l  I _ a/Adecttue*. 

/0  | <JT/2X*in;r/4>  | 

(he  screen  become*  more  uniformly  illuminated. 

iDEVnrv  anil  SET  Up;  v = fX  give*  A.  The  person  bean  no  sound  at  angles  corresponding  (o  diffraction 
minuna.  The  dil  I taction  muuim  are  located  by  an0  = mAla.  nt  = ±L  ±2.  Solve  foe  0. 

Execute:  A=vlf  = (344  m/s)/<1250 Hz)  =0.2752  m;  o = 1.00mm=±L  0 = ±l6.<r-.  m = ±2. 

0 = ±33.4°;  m = ±3.  B = ±55.6”;  no  solution  for  larger  m 

EVALUATE:  Ala  = 0.28  *o  foe  (be  large  wavelength  sound  waves  diffraction  by  the  doorway  is  a large  effect. 

Diffract) oei  would  not  fce  observable  foe  visible  light  because  it*  wavelength  i*  much  smaller  and  A/a<(l. 


36.10. 


36.11. 


36.12. 


36.13. 


Diftrution  36-3 


IDEYTIFY:  Compare  Ef  to  the  express**!  Ey  = iin(kx  - 6X)  and  determine  k.  and  from  that  calculate  A. 

f =clA.  Hie  dirk  bands  are  located  by  an 0 = —. 

a 

SET  Up:  c = 3.00X  10*  m/s . The  fust  dark  band  corresponds  to  m = 1. 


Execute:  (a)  E = E^xin(kx-ta).  k=^=>A  = ^ = ^ = S.24xl0“7ra. 

/A=c^f=l=^l^l=  5.73xltf*  Hz. 


2x 

T~  1.20xitf 


A 5.24x10  m 


lb) 


* A 5.24x10-’  m . ^ - 

= 2 a = = = 1.09x10 


*in0  sin  28.6’’ 

3.  . 
mA 


(c)  aiin0  = mA  (m  = L 2.  3.  ...X  «b^  =A2i.=±25-24xl^m  and  02=±74  . 


EVALUATE:  ror  m = 3 . is  greater  than  1 so  only  the  first  and  sec  cod  dark  bands  appear. 

a 

IDENTIFY  and  SET  Up:  sin#  = At  a locates  the  fust  minimum.  y = xlan0. 

Execute:  ud0 = j/x = <365  cm)/<40.0  an)  and  0=4238°. 
a = Ain n0  = (620x  10"*  m)/(cui  42.38*')  = 0.920  //ra 

Evaluate:  0 - 0.74  rad  and  sin0  = 0.67.  so  the  approximation  sin0  « 0 would  Dot  be 

iDEVnrY:  Hie  angle  is  small,  so  ym  = x applies. 

a 

SET  Up:  Hie  width  o!  the  central  maximum  is  2y\,  so  ft  = 3.00  mm . 

t.  , v xA  xA  (2.50  m)(5.00xl0“’m)  _ . 

Execute:  (a)  >\  = — ~>a  = — = - - - = 4.17x10^  m. 

y,  3.00xl0“'m 

lb)  „=id  = (25 °m*<5<|o>»^m»,4.,7x,0-Jni  = 43c-in. 

yx  3XK)Xl0"^  m 

(c)  il = — — * '_j  — = 4.17x10“*  cn 

yx  3.00x10  m 

Evaluate:  The  ratio  al A stay*  constant  «i  a is  tmaller  when  A is  smaller. 

iDE-vnrv:  Calculate  ibe  angular  positions  of  the  minima  and  use  y = »tan0  lo  calculate  the  distance  on  the 
screen  between  them. 

la)  SET  Up:  The  central  height  fringe  is  shown  in  figure  36. 1 3a. 

Execute:  Ibe  first 
minimum  i>  located  !>>• 

633X10  ,m  =1.809x10° 

0.350x10  m 
0 =1.809x10^  rad 


d 


2'i 


figure  36.13a 

y,  = i tan 6,  =(3.00  m)tan<1.809xl0J  rad)  = 5.427 xl0J  m 
»•  = 2y,  = 2(5.427 xlO"'  m)  = 1.09xl0"i  m = 10.9  nun 

(b)  SET  Up:  The  first  bright  Hinge  on  one  Mile  of  the  central  maximum  it  shown  in  figure  36. 1 3b. 


' 


>,=5.427x10-’ m (part  (a)) 

!■«%  = — = 3618xl(T* 

a 

0t  = 3.618x10-*  rad 
> .=  a tan  « =1.0*5x10-’  m 


figure  36.13b 

H =yj-y,  =1.085x10-*  m-5.427xl0-‘  m = 5.4  mm 

Evaluate:  Ibe  central  bright  fringe  is  twice  at  wide  at  the  other  bright  fringes. 


364  Chapter  36 


36.14. 


36.15. 


iPKMin 


SET  UP:  The  angle  0 is  small.  so  sin  0 tan  0 - y/«. 

EXECUTE:  y=  ^t***4*  .=(U20n»— )y. 

A A « (6.20«  10  mH3.0)  m) ' 

W y = ..OQxlO-m:^,l52Oin''K1200<IO''ml,O.76O. 


;;  S22/ 


0.760 


lb,  r. * oovio— I.  * ■ q3»«-X3.P>x|<r,m)  g , „ 


af.4.iS2USE2f-oi.u 


2 


2.28  1 


(C  y=S.OOxlO-’m:^(,520m'l>'52g,Xl0',m)=3.8Q. 

EVALUATE:  The  first  nnmmum  ocean  at  y,  = — = 1—1  'j.'1  ^ — = * 1 mm  . The  distances  in  parts  (a) 

anil  (b)  are  within  the  central  maximum.  y = 5.00  mm  is  within  the  first  secondary  maximum. 

la)  IDENTIFY:  Utt  Eq.(362)  with  m = 1 to  locate  the  angular  position  o(  the  first  minimum  and  then  use 

y — x Ian  0 to  find  its  distance  from  the  center  ol  the  screen. 

SET  Up:  The  ditlraetion  pattern  is  sketched  in  Rgure  36. 1 5. 

A 


= 2.25x10° 


540x10"*  m 
0240x10' m 
9 =2.25x10*’  rad 


y,  = xtantf,  = (3.00 m)tan(2.25xlO->  rad)  = 6.75x!0°  m=6.75mm 

(b)  IDENTIFY  and  SET  Up:  Use  Eqs.(36.5)  and  (36.6)  to  calculate  the  intensity  at  this  point. 
Execute:  Midway  between  the  center  of  the  central  maximum  and  the  first  minimum  implies 

y = 1(6.75  mm)  = 3.375  x 10°  m. 


3.375X10"’  in 


= 1.125x10°;  0=  1.125X10"'  rad 


x 3.00  m 
The  phase  angle  fi  at  this  point  on  the  screen  is 
2T  \ 2? 


fi=  — ;usintf=^— — — (0240x10"'  m)sin(l.  125x10"'  rad)  = *. 
Then  / = /, ; = (6.00x10°  W/m*  ' 


f = 


■ 4 

P 


6.00x10°  W/m!)  = 2.43x10°  W/m'. 


Evaluate:  The  intensity  at  this  point  midway  between  the  center  of  the  central  maximum  and  the  first 
minimum  is  less  thin  half  the  maximum  intensity.  Compare  this  result  to  the  corresponding  one  for  the  two-slit 
pattern.  Exercise  35.23. 


36-5 


36.16.  iDEVnrV:  h>  the  single-slit  dillrixtion  pattern,  the  intensity  is  a maximum  at  tbe  center  and  too  at  the  dark 
spots.  At  other  points.  it  deprnds  oo  the  angle  at  which  ooe  is  observing  the  light. 

SET  Up:  Dark  (ringer  occur  when  «n  0,  = m)la.  where  ot  = 1 . 2.  3 and  the  intensity  is  given  by 

. sin/f/2  |*  a eaantf 


! an 


. where  8n  = 


EXECUTE:  (a)  At  the  maximum  putable  angle.  0=  90'.  so 

= (atiaWyA  = (0.0250  mraV(632.8  nm)  = 39.5 

Since  m must  be  an  integer  and  sin  0raus«  be  < 1.  = 39.  The  total  number  of  dark  binges  is  39  oo  each  side  of 

the  central  maximum  for  a total  of  78. 

(b>  The  farthest  dark  fringe  is  for  m = 39.  giving 

sinfl,,  = (39X632.8  nm|rt0.0250  mm)  ::  0»  = ±80.8” 

(c)  The  next  closer  dark  fringe  occurs  at  sin^,  = (38)<632.8  nmW0.0250  mm)  ~ = 74.1”. 

The  angle  midway  these  two  extreme  fringes  is  (80.8’  ♦ 74.1”V2  = 77.45'.  rod  the  intensity  at  this  angle  Is  / = 

/ *g!l\  .where  fin  = ^l  = ^(0.02S0mm)sin(77.45-)  = 12u5  ^ which 
*!  Bn  I y A 632.8nm 


gives  / =(8.50  W/mJ)  ,in|121  l5,Jtl1  ' = 555 x l(r*  w/m1 


6 ' 'l  121.1 5 tad  

Evaluate:  At  the  angle  in  part  (c).  the  Intensity  is  so  low  that  the  light  would  be  barely  perceptible. 
36.17.  iDEVnrv  and  SET  UP:  Use  Eq.(36.6)  to  calculate  A and  use  Eq.(36.5)  to  calculate  1.0  = 3.25”. 

/?  = 56.0  rad,  u = 0. 105xl0J  m. 


(a)  Execute:  /»  = j — jaslnff  so 

, Zirasinfl  2^(0.105x10^  m)sin3.25" 

A — = = cos  nm 

fi  56.0  rad 

,b'  ,=,*nrrr<  = '•  i.  = '•  isss^**28-0 

Evaluate:  At  the  Tint  minimum  /?=  2t  rad  and  at  lb;  point  considered  in  tbe  problem  fi  = 17.8/r  rad.  so  t be 
point  b well  outside  the  central  maximum.  Since  /?  is  close  to  mJT  wilh  m = 18.  this  point  is  near  ooe  of  the 
minimi.  Tbe  intensity  here  is  much  Iras  than 


36.18.  Identity:  Use  /*  = — j-sintf  lo  calculate  p. 

SET  Un  Tbe  total  intensity  is  given  by  drawing  an  arc  of  a circle  that  has  length  and  finding  the  kngth  of  the 

chord  which  OOnectl  the  starting  and  ending  points  of  the  curve. 

Execxte:  (a)  fl  = ^Lxin & = ^L—  = x.  Horn  Figure  36.18a,  *—  = £,=*£=—£>. 

A A 2a  2 A 

< 2 '}  4/ 

The  intensity  b / =|  — j 70  = —£  = 0.405/,.  Ibis  agrees  with  Eq.(36J). 

2 xa  2 xa  A 

<b )B  = im  0 = = In.  from  Figure  36. 1 8b.  il  Is  clea  lhal  Ihe  total  amplitude  is  zero,  as  Is  the  intensity. 

A A a 

This  also  agrees  with  Eq.(365). 

2xa  2 Xa  3 A E 2 

(c)  /?  = — — sin  0 = — - ' = In.  From  Figure  36. 1 8c.  3 x-2-  = Et~>  E,  = — The  intensity  is 

/ =1  — I /,=  */„  This  agrees  with  Bq.<36.5). 
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36.19. 


36.20. 


EVALUATE:  In  part  (a)  Ibe  point  is  midway  between  the  center  of  (he  central  maximum  and  the  tint  minimum. 
In  part  (b)  the  point  is  at  the  tint  maximum  aol  in  (c)  the  point  is  approximately  at  tbe  location  of  the  first 
seccodary  maximum.  The  phasor  diagrams  help  illustrate  the  raped  decrease  in  intensity  at  successive  maxima. 


Figure  36.18 

iDEXnrY:  Hie  space  between  tbe  skyscrapers  behaves  like  a single  slit  and  dillrxts  the  radio  waves. 

SET  Up:  CmcdUtkm  of  the  waves  occurs  when  a sin  0=  mA%  m = 1. 2. 3 and  the  intensity  of  tbe  waves  is 


t . anp/2  | _ tfusinft 

S,ven  by  /„  _____  ( . where  fi/2  = — - — . 

EXECUTE:  (a)  First  find  Ibe  wavelength  of  the  wave*: 
X = cjf=  <3.00  X 10*  raby(88.9  MHz)  = 3.375  m 
For  no  signal.  a sin  0=  mA 

i in  H,  = (1X3-375  mX(15.0  m)  ^ 0,  = ±13.0" 
sin  ft  = (2X3.375  mX(15.0  m)  0i=±2b.T 
sin  ft  = (3X3.375  mV(15.0  m)  rj  0=  ±42.4" 
sin  0,  = (4X3.375  mV(15.0  m)  =5  0.=  ±64.1" 
aDfi/21 

an 


”i  = 2 

”i  = 3 
”i  = 4 

(b)  /. 


where  ^2  = ^ = -T,l5  0m,>UI,5  0°’1  = 1.217  rad 
A 3.375m 


= 2.08  W/m‘ 


EVALCATE:  Tbe  wavelength  of  Ibe  radio  waves  is  very  long  compared  lo  lhal  of  visibfc  light.  but  il  is  Hill 
considerably  shorter  than  Ihe  distance  between  ibe  buildings. 

iDEvriFY:  Tbe  ne(  intensity  is  Ibe  product  of  the  factor  due  lo  single-slil  dilfraclkoo  and  Ibe  Odor  due  lo  double 
slit  interference. 

SET  up;  Tbe  double-sJil  facte*  is  /M  = /„  «■*£  ; and  the  single-slit  factor  u /B  =,  2 j . 

EXECUTE:  (a)^sin^=m/l  rj  tiaO-  mild. 

'ini',  = i/d.  sinft  = 2J/d.  sinft  = 3 X/d.  sinft  = 4 X/d 

(b)  At  the  interference  bright  fringes.  eM?#>2  = 1 aod  012  = Xa^a0  = , 

A A 


At  ft,.  sin  ft  = AJd  so  012  = 


= A l 3 . 1 be  intensity  is  therefore 


At  ft.  sin  ft  = 2 A/d.  so  0/2  = = 2*/3 . Using  the  same  procedure  as  for  ft.  we  have  /,  = 


Al  ft.  we  gel  fll2=lt . which  gives  /,  = 0 since  sin  z = 0. 

Al  ft.  sin  ft  = 4 Aid.  so  012  = 4x13.  which  gives  /.  = /,  j = 0.0427  lo 

(c)  Since  d = 3o.  every  third  interference  maximum  is  missing. 

Id)  In  Figure  36.12c  in  Uw  textbook,  every  fourth  interference  maximum  al  Ibe  sides  is  missing  because  d = 4a. 
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Evaluate:  The  result  in  this  problem  is  different  from  that  in  figure  36. 1 2c  became  in  this  case  d = 3a.  so 
every  third  interference  maximum  at  the  aides  is  missing.  Also  the  ••envelope"  of  the  intensity  function  decreases 
mote  rapidly  here  than  in  figure  36.12c  because  Ihe  fust  diffraction  minimum  is  reached  sooner,  aid  the  decrease 
in  intensity  from  one  interference  maximum  to  the  next  is  faster  tot  a = d/5  than  for  a = d/4. 

>6.21.  (a)  IDENTIFY  ut*l  SET  LT:  The  interference  fringes  (maxima)  are  located  by  dsmO  = mX.  with 


m = 0.  ± l tZ  ....  Use  intensity  / in  Ihe  difl'r&tion  pattern  is  given  by  / = /, 


sin/?/ 2 


m~'-T 


We  want  m = ±3  in  the  lint  equation  to  give  0 that  makes  / =0  in  the  wend  equation 
Emm:  d tin#  = mA  give*  fi  = \^L\a  — J = 2*(3 aid). 


1=0  stays  — i- — = 0 so  fi  = 2x  and  then  2x  = 2x(3a/d)  and  (dta)  = 3. 
fit  2 

(b)  IDENTIFY  and  SET  Up:  Fringes  m = 0.  ±1.  ±2  are  within  the  central  dill  ration  minimum  and  the  m = ±3 
fringes  coiocide  with  the  first  diffraction  muunxim.  Hnd  tbe  value  of  m for  the  fringes  that  coincide  with  tbe 
second  diffracboo  minimum. 

EXECUTE:  Second  minimum  implies  8 = 4/T. 


= ]u«n/l=]  ; = 2«mWd)  = 2*(«/3) 


Then  fi  = Ax  says  Ax  = 2x(mt  3}  and  m = 6.  Therefore  the  /n  = ±4  and  /n=+5  fringes  arc  contained  within  the 
first  diffraction  maximum  on  one  side  of  the  central  maximum;  two  fringe*. 

EVALUATE:  Tbe  central  maximum  is  twice  a*  wide  a*  tbe  other  maximal  so  it  contains  more  fringes. 

36.22.  IDENTIFY  and  SET  Up:  Use  Figure  36. 14b  in  the  textbook.  There  is  totally  detractive  interfere  ore  between  slits 
whose  phasors  are  in  opposite  directions. 

EXECUTE:  By  examining  the  diagram,  we  see  that  every  fourth  slit  cancels  each  other. 

Evaluate:  The  total  electric  field  is  zero  so  the  phasor  diagram  corresponds  to  a point  of  zero  intensity.  Tbe 
first  two  maxima  are  at  d =0  and  C = ft . so  this  point  is  not  midway  between  two  maxima. 

36.23.  (a)  Identify  aixl  SET  UP:  If  the  slits  are  very  narrow  then  the  central  maximum  of  tbe  diffraction  pattern  for 
each  slit  completely  fills  the  screen  and  the  intensity  distribution  is  given  solely  by  the  two-slit  interference.  Tbe 
maxima  are  given  by 

dx\a0  = mA  so  sin 0 = m\td.  Solve  foe  0. 

. . . . ..  A 580xlQ“*  m . ...i 


Execute:  1st  order  maximum:  m = 1.  so  rin0  = — = 

d 0.530x1 


= 1.094x10“* ; 0 = 00627’ 


2nd  order  maximum:  m = 2.  so  sin0  = ^l  = 2.188x10“*;  0 = 0.125* 

(b)  Identify  and  SET  Up:  Tbe  intensity  is  given  by  Eq.(36.12>:  / = /0co**«/2);  S1”^2  J . Calculate  ^ and 
fi  at  each  0 from  part  (a). 

Execute:  p = | Z££|*in0=;  ; ^j  = 2 xm.  so  cos2(#/2)=cot*(in>r)=l 

(Since  the  angular  positions  in  pat  (a)  correspond  to  interference  maxima.) 

p = : r )= 2am<a/<0 = "K  SS  h"*3-794  rad) 


= m<3.794  rad) 


1st  order  maximum:  m = L so  f = f.0)l  **,°-T94/Z>lld  I =0.249/,, 

* I.  (3.794/2)  rad  ' 0 

2nd  oedet  maximum:  m = 2.  so  / = /4(l)|  °°^94l*d j =o.0256/0 

( 3.794  rad  / 

Evaluate:  The  fust  diffraction  minimum  is  at  an  angle  0 given  by  sin 0 = Xta  so  0 = 0.104°.  The  fust  order 
fringe  is  within  the  central  maximum  and  the  second  o«der  fringe  is  inside  tbe  lint  diffraction  maximum  on  ooe 
side  of  Ihe  central  maximum.  The  intensity  here  at  this  second  fringe  is  much  less  than  /,. 

>6.24.  IDENTIFY : A double-slit  bright  fringe  is  trussing  w hen  it  occurs  at  tlw  same  angle  as  a d;uble-slit  dark  fringe. 

SET  Up:  Single-slit  diffraction  dark  fringes  occur  when  a sin  0 = mX.  and  double-slit  interference  bright  Innges 
occur  when  dim  0=  m X. 
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EXECUTE:  (a)  The  angles  arc  the  same  lor  caixellatica.  so  dividing  the  equation*  gives 

dJa  — m tm  m tm  — = 7m 

When  m = 1.  m =7;  when  m = 2.  m = 14.  and  so  forth,  so  every  7*  bright  fringe  is  missing  from  the  double-slit 
interference  pattern. 

EVALUATE:  <b)  The  result  is  independent  of  the  wavelength,  so  every  7*  fringe  will  be  cancelled  for  all 
wavelengths.  But  the  bright  interference  fringes  occur  when  d sm  0=  mX,  so  the  location  of  the  cancelled  fringes 
docs  depend  on  the  wavelength. 

36.25.  IDEYTIFY  and  SET  UP:  The  phase*  diagrams  are  similar  to  those  in  Fig.36. 14.  An  interference  minimum  occurs 
when  the  phasors  add  to  zero. 

EXECUTE:  (a)  The  phisoc  diagram  is  given  in  figure  36.25a 

> 

C3* 

i 

Figure  36.25a 

There  is  destructive  interference  between  t be  light  through  slits  1 and  3 and  between  2 and  4. 

<b)  The  phasor  diagram  is  given  in  Rgurc  36.25b. 


Figure  36.25b 


There  is  destructive  interference  between  the  light  through  slits  1 and  2 and  between  3 and  4. 

<c)  The  phasor  diagram  is  given  in  figure  36.25c. 

O 4”"" 

3 

Figure  36.25c 

There  is  destructive  interference  between  light  through  slits  1 and  3 and  between  2 and  4. 

EVALUATE:  Maxima  occur  when  0 = 0.  2x.  4*.  etc.  Oir  diagrams  show  that  there  arc  three  minima  between 
the  maxima  at  0 = 0 and  0 = 2*.  This  aj^ees  with  the  general  result  that  for  j V slits  there  axe  S - 1 minima 
between  each  pa a of  principal  maxima. 

36.26.  IDEYTIFY:  A double- slit  bright  fringe  is  missing  when  it  occurs  at  ti*  same  angle  as  a double-slit  dark  fringe. 

SET  UP:  Single- slit  diffraction  dark  fringes  occur  when  a sin  0 = mA,  and  double - sbt  interference  bright  fringes 

occur  when  J sin  0=  m A. 

Execute:  (a)  The  angle  at  which  the  first  bright  fringe  occurs  is  given  by 
tan  0i  = (1.53  mmV(25X)  mm)  =>0\=  0.0350V.  d sin  # = A and 

d = Main#)  = (632.8  nm)/sin<0.03507")  = 0.00103  m = 1.03  mm 
<b>  The  7*  duubk-sbt  interference  bright  fringe  is  jiat  cm  celled  by  the  1*  diffraction  dark  fringe,  so  sin#**  = A/a 
and  sinfl«rf  = 7Atf 

The  angles  are  equal,  so  A/a  = lA/d  a = d/7  = (103  mmV7  = 0.14S  mm. 

EVALUATE:  We  cm  generalize  that  if  d = no,  where  n is  a positive  integer.  th:n  every  n*  double-slit  bright  fringe 
will  be  missing  in  the  pattern. 

36.27.  IDEYTIFY:  The  diffraction  minima  are  located  by  sin0  = and  the  two-sbl  interference  maxima  are  located 

a 


Ihe  third  bright  band  is  missing  because  the  first  order  single  sbt  minimum  ixcura  at  the  same 


ingle  as  the  third  order  double  sbt  maximum. 

SETUP:  Tbe  pattern  is  sketched  in  figure  36.27.  tan0  = 


3 cm 
90  cm 


= 1.91°. 


Evaluate:  Note  that  d ia  = 3.0. 


36.28. 


36.29. 


36.30. 


36.31. 


36.32. 


_ MwlK 


M-H 

Figure  36.27 


IDEVTIFY:  Hie  maxima  arc  located  by  dmnO  = mA . 

Set  tin  TT>e  order  currcspocxls  to  the  values  of  m. 

EXECUTE:  ttrsl-order.  dtm$k  = A . Fourth -order  diln04  =4A . 
dsm0A  4>. 

i = sinft  =4sinft  =4sin8.94f  and  ft  =38.4°. 

dsinf*  ^ 

Evaluate:  We  <IK1  not  have  lo  solve  for  d. 

iDEVnrv  ami  SET  lip:  lb?  height  bands  are  al  angle!  0 given  by  dim 0=  ml  Solve  foe  d and  then  solve  for  0 
for  the  specified  order. 

Execute:  (a)  0 = 78.4'  for  m = 3and  1 = 681  nm.  so  d = mAlsiaO  = 2.086x10'*  cm 
The  n umbex  of  slits  per  cm  is  I Id  = 4790  sliu/cm 

<b)  1st  order:  m = l.  so  sm0=Xld  = (681x10-*  m)/(  2. 086x10*  m)  and  0 = 19.1° 

2nd  order:  m = 2.  so  sin0  = 2-1/d  and  0=4O.»' 


(c)  For  m = 4.  sin  0 = AX  / d is  greater  than  1 .00.  so  there  is  no  4lh-order  bright  band. 
Evaluate:  The  angular  position  of  the  bright  bands  lor  a particular  wavelength  increases  as 
iDEVnrV:  The  bright  spots  are  located  by  dila0  = mX. 

SET  Up:  Third-order  means  m = 3 and  secool -order  means  m = 2 . 
ntX  m X _ mA 


EXECUTE: 


HI 


sin  ft  vmft 


^ i £>“■“■‘1! I S=r,w  - <— *• 

EVALUATE:  The  Ihird-Onlfir  line  for  a particular  X occurs  at  a larger  angle  than  the  second -order  line.  In  a given 
order,  the  line  fee  violet  light  (400  nm)  ocean  at  a smaller  angle  than  the  line  lor  red  light  (7C0  nm). 

IDENTIFY  and  SET  Up:  Calculate  d for  the  grating.  Use  Eq.(36. 1 3)  to  calculate  0 for  the  longest  wavelength  in 
the  visible  spectrum  and  verily  that  0 is  small.  H>en  use  Eq.<36.3)  to  relate  the  linear  separation  of  lines  on  the 
screen  to  the  differetxc  in  wavelength. 

Execute:  (a)  d=l  — j cm  = l.lllxlCT’ m 


For  ^ = 700nm.  Aid  = 6.3xl0_J.  The  first-order  lines  arc  located  al  Oa0  = Aid;  sin 0 is  small  enough  for 
sind  « 0 to  be  an  excellent  approximation. 

<b)  y=xA/d.  where  » = 2.50  m. 


The  distance  oo  the  screen  between  1st  order  bright  bands  for  two  diflerent  wavelengths  is  Ay  = x(AA)ld.  so 
fiX  = d(Ay)/>  = 0.111x10'’  m)(3.00xl0J  m)/<2.50 m)  = 13.3  nm 

Evalu  ate:  The  smaller  d is  (greater  number  of  lines  per  cm)  the  smaller  the  AX  that  can  be  measured. 
IDEVnrV:  The  maxima  are  located  by  dan0  = mX. 

SETUP:  350sliisl.,mrar5d  = ' . =2.86x10*  m 

3.50X101  m-‘ 
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36.il. 


36.35. 


36.36. 


36.37. 


EXECUTE:  m = 


_ 


4.00X10*’  m 


3A 


m = i:  o*.  = arcun  — = arcnn  - — 

d 1 ' 2.86x10''  m 


2.86X10'' m 
.18. 

X4.00xl0"’  m) 


= 8.05  . 


^»  = ifctin;  — )=«rcainj  70QXl^.  m | = 14.18.  AO,  =14.18'-8.05"  = 6.13‘. 
\d  2.86X10-'  m ^ 


= 24.8". 


1A 


3(7.00x10'’  m> 


^=^,-1=^.^,  j = 47.3°.  AO,=  47.3" - 24.8"  = 22 J". 

EVALUATE:  AO  is  lager  in  thoil  order. 

iDEVnrV:  Tbe  maxima  ae  locked  by  daaO  = mA. 

SETUP:  d = 1.60x10-*  m 

'mA  I . ! ml6.328xl0-’  m] 

— =atcsin  ______ 


Execute:  0=aoda 


= aresiW  |0.396|m) . Bn  m=l.  0.  =23.3'.  Foe 


m-2.0,  =52.3' . There  are  no  other  maxima. 

Evaluate:  The  reflective  unlace  produces  Ibe  same  inleefeieixe  pallem  aa  a grating  with  slit  separation  d 
iDEvnrY:  Ibe  maxima  ae  located  by  d sin  0 = mA . 

Setup:  5tXX>sliislcmn*d  = 50Cxj<p— ^ = 2.00x10**  m. 

, , , dsind  (2.00x10-*  m)sinl3.S  . 

Execute:  (a)  A = = = 4.67  xlir'n 


|b)  m = 2:  d = arcsinj  — | = 


2(4.67X10"’  m) 


= 27.8. 


100x10-*  m 

Evaluate:  Since  the  angles  are  fairly  small.  Ibe  second-order  deviation  is  approximately  twice  the  fust-order 
deviation. 

IDEVnrV:  The  maxima  ae  located  by  dua0  = mA. 


Set  Up:  350  xlifa/mm  ,d- 


3.50x10’ m 


= 186xl0-*m 


Execlve:  n(  n««8W. 

m = l:  d = 105\  m = 2:  d=21.3".  m = 3:  d = 33.1”. 

Evaluate:  Ibe  angles  ae  not  precisely  proportional  to  m.  and  deviate  mcee  from  being  proportional  as  the 


iDEVflFY:  The  resolution  is  de*nbed  by  R = — = Nm  . Maxima  are  located  by  dtin0  = mA. 

A A 

SET  up:  Foe  500  slils/mm.  d = (5C0  slks/mm)'1  = (500.000  shls/m)'1 . 

Execute:  (.)*=-£-= i^xur^ 

mAA  2(65645x10"’ m-6.5627xl0'’m) 

(b)d=«iu"’|  0,  = sin-1 ((2X6.5645 x 10"’  mK5(X).(O0m"l))  = 4 1.0297' "and 

d,  = sin'l((2X6.5627  x 10"’  m)(500.0CO  m*1 ))  = 4 1 .0160’ . Ad  = 0.01 37' 

EVALUATE:  d cos  0 do  = AIN . so  foe  1 820  slits  Ibe  angular  interval  Ad  between  each  of  these  maxima  and  the 

fust  adjacent  minimum  is  Ad  = = 6. .6  l.l  m =0.0137'.  This  is  the  same  as  Ibe  angular 

■Vrfcosd  (1820X2.0x10  m)cos41 

separation  of  Ibe  maxima  for  the  two  wavekngths  and  1 820  slits  is  just  sufficient  to  resolve  Ibese  two  wavelengths 
in  second  order. 

IDEVnrV:  Ibe  resolving  power  depends  oo  the  line  density  and  tbe  width  of  Ibe  grating. 

Set  Up  Tbe  resolving  power  is  given  by  R = Nm  = = AJAA. 

Execute:  (a)  R - Nm  = (5000  lmcs/cmX3.50  cm)(l)  = 17.500 
(b)  Tbe  resolving  power  needed  to  resolve  the  sodium  doublet  is 

R = AJAA  = (589  nmV(589.59  nm  - 589.00  nm)  = 998 


36.38. 


36.39. 


36.40. 


36.41. 


36.42. 


36.43. 


36.41. 
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so  this  grating  can  easily  resolve  the  doublet. 

(c)  (i)  R = AJbA  Since  R = 173W  when  m = 1.  * = 2x  17300  = 35.0(0  foe  m = 2.  Therefore 

A4=4/R  = (587.8  nmV35.0(O  = 0.0168  nm 
A^  = A +&A  = 587.8C02  nm  ♦ 0.0168  nm  = 587.8170  nm 
fii)  A^  =A-AA  = 587.8002  nm -0.0168  nm  = 587.7834  did 

Evaluate:  (iii)  Therefore  the  range  of  resolvable  wavelengths  is  587.7834  nm  < A < 587.8170  nm. 


Identify  and  Set  Up:  — = Nm 

AX 


Execute;  N = 


587.500 2 nm 


587.8CM2 


= 3302  sills. 


V 


^-  = 2752^ 


mAx  (587.9782  nm -587.8(02  nm)  0.178  1.20  cm  1.20  cm 

EVALUATE:  a smaller  number  of  slits  would  be  needed  U>  resolve  these  two  lines  in  higher  order. 
IDENTIFY  and  SET  Up:  The  maxima  occur  at  angles  0 given  by  Eq.(36.16).  2J*in0  = mA.  wtxre  d is  the 
spacing  between  adjacent  atomic  planes.  Solve  foe  d. 

Execute:  second  ccder  says  m = 2. 

i = -=i-  = aa0850xl°-  m)  = 2.32x10'”  m = 0.232  nm 


2 sin  2 13° 

EVALUATE:  Our  result  is  similar  to  d calculated  in  Exanyle  363. 
IDEVTIFY:  The  maxima  arc  given  by  2dM0  = mA  . m = 1.2.... 
Setup:  d = 3.50xlO*to  m . 

2 drill 


Execute:  (a)  m = land  4 = 

m 

( 1.81x10'”  ra 

doesn’t  have  any  solutions  for  m > 3 . 
Evaluate:  In  this  problem  A/d  = 0.52. 


= 2(3.50x10  m)sinl5.0‘ = 1.81x10“*  m=0.181mn.  This  is  an  x ray. 
= m( 0.2586).  m = 2:  0 = 31.1°.  m = 3:  # = 50.9°.  The  equation 


IDEVTIFY:  Rayleigh's  criterion  says  sin  0 = 1 .22 — 

SET  Up  The  best  resolution  is  0.3  arvsecunds.  which  i»  about  (8.33x10"*)° . 

Execute:  „)O=^,W'C0<6m 
sin#  sin(8.33xlO“*°) 

EVALUATE:  <b)  The  Keck  telescopes  are  able  to  gather  more  light  than  the  Hale  telescope,  and 
be  nee  they  can  delect  fainter  objects.  However,  their  larger  si2e  does  not  allow  them  to  have 
resolution — atmospheric  conditions  limit  the  resolution. 


Identify:  Apply  sin#  = 1.22—. 

Setup:  # = (1/60) 

..  r.  1-224  1.22(53x10"’  m)  . 

taajTt:  D=-^o=  mm  =^lxl^m=2-3 

EVALUATE:  The  larger  the  diameter  the  smaller  the  ingle  that  can  be  resolved. 

Identify:  Apply  sin # = l.22^i. 

SETUP:  0 = — . where  28  km  and  h = 1200  km.  6 i»  null,  jo  *U\0  • 0. 

Execute:  P = llii  = 1.22^A  = l.22|0.Q36m) ' 111  =1.88 m 

un0  W 2.8x10*  m 

EVALUATE:  D must  be  Mgnificantly  larger  lhan  the  wavelength,  jo  a much  larger  diameter  Is  needed  lor 
microwaves  lhan  for  visible  w avelengths. 


Identify:  Apply  sin#  = 1.22— . 

SETUP;  0u  small.  jo  tm0  « 0 = 1.00x10**  rad. 

, Dt \a0  D0  (8.00x10*  m)(l. 00x10^) 
1.22  122 

Evaluate:  A cottejpondj  to  microwaves. 


1.22 
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iDEVnrY  and  SET  UP:  The  angular  size  of  the  fust  dark  ring  is  given  by  sin  ^ = 1 .2 2AID  (Eq.36. 17).  Calculate 
0l.  and  then  the  diameter  of  the  ring  on  the  screen  is  2(4.5  m)tan0,. 


EXECUTE:  sin 0t  =1.22  ” =0.1022:  0,=O.1O24 


The  radius  of  the  Airy  disk  (central  bright  spot)  is  r = (4.5  m)tan^  =0.462  m.  The  diameter  is 
2r  = 0.92  m = 92  cm. 

Evaluate:  A/D  = 0.084.  For  this  small  D the  central  diffraction  maximum  is  broad. 

IDEVTIFY:  Rayleigh' s criterion  limits  the  angular  resolution. 

SET  Up:  Rayleigh's  criterion  is  sin  0 0=  1.22  A/D. 

Execute:  (a)  Using  Rayleigh  s criterion 

sin*  : 0=  1.22  A/D  = (122X550  nmV(  135/4  mm)  = 1.99  X 10“5rad 
On  the  bear  this  angle  subtends  a distance  x.  0=  j/R  and 

x = R0  = (1 1.5  mX199  x 10“5  rad)  = 2.29  x 10“*  m = 0.23  mm 
<b)  At  fill.  D is  4/22  times  as  large  as  at  /4.  Smcc  0is  proportional  to  1/D.  and  x is  propcetional  to  0.  x is 
1A4/22)  = 22/4  times  as  large  as  it  was  at /74.  x = (0.229  mraX224)  = 1.3  mm 

Evaluate:  A wide-angle  lens,  such  as  one  having  a focal  length  of  28  mm.  would  have  a much  smaller  opening 
atj?22  and  hence  would  have  an  even  less  resolving  ability. 

IDENTIFY  and  SET  Up:  Resolved  by  Rayleigh's  criterion  means  angular  separation  0 of  the  objects  equals 
1 .224 /D.  The  angular  separation  0 of  the  objects  is  their  linear  separation  divided  by  their  distance  from  the 
telescope. 

EXECUTE:  0=  250x10  m . where  5.93x10*  m is  the  distance  from  earth  to  Jupiter.  Thus  0 = 4.216xl<r7. 

5.93XKT  m ^ 

^ ^ 1224  1 .22(500 x KT*  m)  m 4r 

Then  0 = 1.22—  and  D = = - = 145  m 

D 0 4.216x10’* 

Evaluate:  This  is  a very  large  telescope  minor.  The  greater  the  angular  resolution  the  greater  the  diameter  the 
lens  or  minor  must  be. 

IDEVTIFY:  Rayleigh's  criterion  says  0m  = 1.22 — . 


SET  Up  D = 720  cm  . 0^  = — . where  sis  lb:  distance  of  the  object  from  the  lens  and  y = 4.00  nxn  . 

j 

Extctn:  — = 1.22—.  i = =C».00x10-'n,X7.20xl0-nl)=429|n 

s D 1224  122(550x10  m) 

EVALUATE:  The  focal  length  of  the  lens  doesn't  enter  into  the  calculation.  In  practice,  it  is  difficult  to  achieve 
resolulicn  thal  is  at  the  diffractiim  limit. 

IDENTIFY  and  SET  Up:  Let  y be  the  sepvaticei  between  the  two  points  bring  resolved  and  let  s be  their  ihstioce 

from  the  telescope.  Then  the  limit  of  resolution  conespoods  to  1.22  — = — . 

D s 

Execute:  (a)  Let  the  two  points  being  resolved  be  the  opposite  edges  ol  the  crater,  so  y i%  the  diameter  of  the 
crater,  for  the  moon,  r = 3.8x10*  xn.  y = 1.224  s;D. 


Hubble:  D = 24  ra  and  A = 400  nm  gives  the  maximum  resolution,  so  y = 77  m 
Arecibo:  D = 305  m aal  4 =0.75  m;  y = 1.1x10*  m 


<b)  *= Let  yr.  0.30  (the  size  or  a license  plate),  s = (0.30  m)  (24  m) .1(1 22X400x10"*  m)J  = 1500  km. 

Evaluate:  D/4  is  much  larger  for  the  optical  telewxipe  and  it  has  a imich  larger  resolution  even  though  the 

diameter  of  the  radio  telescope  is  much  larger. 

Identify:  Apply  sin0  = 1.22— . 

SET  Up:  0 is  small,  so  sin  0 « 0 . Smallest  resolving  angle  is  for  short  wavekngth  light  (400  nm). 

Execute:  0«*1.22—  = (122)^)°X*Cl — — = 9.61x10“*  rad.  0 = ^ IIU . where  R is  the  distance  lo  the  star. 

D 5.08  m R 

R _ 10.000  mi  _ 16.00)  km  =,7x,tflkm. 

0 9.6x10  rad 

Evaluate:  This  is  less  than  a light  year,  so  there  are  no  stars  this  close. 
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36.51.  IDENTIFY : Let  v be  the  separation  be l ween  the  two  points  being  resolved  and  let  s be  tbeir  distance  from  the 
telescope . The  limit  of  resolution  corresponds  to  1 22  A/D  = yfs . 

SET  Up:  s = 4.2S  !y  = 4.05  X 1 0“  m . Assume  visible  light,  with  A = 400  m . 

EXECUTE:  y = \22As/D  = 1.22(400x10'*  m)(4.05xi0u  m/(10.0m)  = 2.0x10*  m 

Evaluate:  The  diameter  of  Jupiter  is  1.3SXI0*  m.  so  the  resolution  is  insufficient,  by  about  one  order  of 
magnitude. 

36.52.  Identify:  If  the  apparatus  of  Exercise  36.4  is  placed  in  water,  then  all  that  changes  is  the  wavelength 

A->X=±. 

n 

Set  Up:  For  y « x . the  distance  between  the  two  dark  fringes  on  either  side  of  the  central  maximum  is 

P=2f . Let  D = 2y  be  the  separation  of  5.91x10'*  m found  in  Exercise  36.4. 

..  . , 2xX  2 xA  D 5.91x10"*  m 4 44  . 

Execute:  2y.= = = — = = 4.44x10  1 m = 4.44xnm. 

a an  n 1.33 

Evaluate:  The  water  shortens  the  wavelength  and  this  decreases  the  width  of  the  central  maxinxim. 


= 4.44x10“*  m =4.44  mm. 


36.53.  (a)  IDENTIFY  aixl  S«T  UP:  The  intensity  in  the  diffraction  pattern  is  given  by  EqX36 S):  / = /0|  — f — . where 

V !*  2 ; 

/?=  a tin  0.  Solve  for  0 that  gives  / = i/0.  The  angles  0 . and  ft  arc  shown  in  figure  36.53. 

1 t sin/?/ 2 1 

Execute:  /=-/,  so  — = -— 

2 fl/2  J2 


Let  x = 0/2  the  equation  for  x is  = = 0.7071. 

X yj2 

Use  trial  and  enor  to  find  the  value  of  x that  is  a solution  to  this  equation. 


X 

1.0  rad 

0.841 

1.5  rad 

0.665 

1.2  rad 

0.777 

1.4  rad 

0.70J9 

1.39  rad 

0.7077; 

A0=p4-0_|  = 2£ 

2*a 

2.78  rad  , 


2.T  rad 


= 0.44251'! 


Figure  36.53 


(i)fi>r  - = 2.  sin ft  = 0.4425J  - | = 0.2212:  ^ = 1278';  A0  = 2ft  = 25.6 


Cxi)  For  j = 5.  sin  ft  =0.4425  - =0.0885;  ft  =5.077°;  A0  = 2ft  =10.2f 


(iii)For  j = 10.  sinft  = 0.4425|  — j =0.04425;  ft  =2.536°;  A0  = 2ft  =5.1* 
(b)  Identify  and  SET  Up:  sinft  = — locates  the  first  minimum.  Solve  for  ft. 


Execute:  <i)  For  - = 2.  sinft  = -;ft  = 30.0*;  2ft  = 60.(T 

2 


(ii)  For  — = 5.  sinft  = -;ft  = 11.54*;  2ft  = 23.1 
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36.54. 


36.55. 


36.56. 


36.57. 


(iu)Fo.  1 = 10.  un^  = |jL  |;ft  = 5.74';  2%  = 1 1 .5’ 

EVALUATE;  Either  definition  of  the  width  shows  that  the  central  maximum  gels  narrower  it  the  slit  gets  wider. 
IDENTITY:  The  two  holes  behave  like  double  slits  and  cause  the  sound  waves  to  interfere  alter  they  pass  through 
the  holes.  The  motion  of  the  speakers  causes  a Doppler  shift  in  the  wavelength  of  the  sound. 

SET  Up:  The  wavelength  of  (he  sound  that  strikes  the  wall  is  A = A>  - vX.  anl  destructive  interference  fust 

occurs  where  sin  0=  A/2. 

Execute:  (a)  Fust  find  the  wavelength  of  the  sound  that  strikes  the  openings  in  the  wall. 

A = Ai  - v.r,  = vtf.  - »Jf.  = (v- vj If  = (344  m/t  - 80.0  m/sV(1250  Hz)  = 021 1 m 
Destructive  interference  first  occurs  where  d sin  0=  A/2,  which  gives 

d = AA2  sinfl  = (021 1 mV(2  sin  127')  = 0.480  m 
lb)  A = Wf=  (344  ro»sX1250  Hz)  = 0275  m 

sin0=  A/2d  = (0275  mV12(0.480  m))  -*  0=  ±16.7’ 

Evaluate:  The  moving  source  produces  soursd  of  shorter  wavelength  than  the  stationary  source,  so  the  angles  at 
which  destructive  interference  occurs  are  smaller  for  the  moving  source  than  for  the  stationary  source. 
iDEVnrv  and  SET  Up:  sin 0=  Ala  locates  the  first  dark  bmd.  In  the  liquid  the  wavelength  changes  and  this 

changes  the  angular  position  of  the  first  diffraction  minimum. 

Execute:  sin0„  = — ; sinfL^  = -^±2 


1.  =2,  — -0.4836 

' sin^ 

A = A^ln  (Eq.33.5Xso  n = Am/A%^,  =1/0.4836  = 207 

Evaluate:  Light  travels  faster  in  an  and  n must  be  >1.00.  The  smaller  A in  the  liquid  reduces  0 that  located 
the  first  dark  band. 

IDENTITY:  d = — . so  (be  bright  fringes  are  located  by  -J-sin  0 = A 
S i* 

SETUP:  Red:  -Lsin.1,  = 700nm . Violet:  -Lsin-l,  =400nm. 


Execute:  = a -fl,  = 15"-><C  = fL  +15’. 

sinfl,  4 nn0v 

sin 0,  cos  15’  + cox  ft.  sinlS’ 


* 1 5 * = — Using  a trig  identity  from  Appendix  B. 


smfl. 


= 7/4.  casl5’+cotfl,sinl5’  = 7,'4. 


tan  «,=  0.330 ->f^  = 18.3"  and  0,  = «,  +15’ = 18.3' + 15"  = 33.3’.  Then  ^sin^,  =700 nm gives 

V = = = 7.g4x  10*  hnes/m  = 7840  Unes/cm.  The  sprclrum  begun  at  18 .3  and  ends  at  33.3  . 

700  nm  700xl0^m 

EVALUATE:  As  N Is  iixreased.  the  angular  range  of  the  visible  spectrum  increases. 

(a)  IDENTIFY  arxl  SET  UP:  The  angular  poMlloo  of  the  first  minimum  is  given  by  aau0  = mA  (Eq.36.2).  with 
m = 1.  Tbe  distance  ol  lie  minimum  from  the  center  of  the  put  tern  is  given  by  y = itan0. 

sing  = -=  ' .m  = l-SOxlO-1;  0 = 1.50x10''  rad 

a 0.360x10-’  m 

y,  = i tan « = (1.20  m) land .50x10"'  rad)  = 1.80xl0J  m = 1.80  mm 
(Note  that  0 is  small  enough  lor  0 * sin  0 * tan  0.  and  Eq.(36.3)  applies.) 

(b)  Identity  and  SET  Up:  Fmd  the  phase  angle  /I  where  / = /.,/  2.  Then  use  Eq.(36.6)  to  solve  for  0 and 
» = xtan0  to  find  the  distance. 


Execute:  from  part  (a)  of  Problem  36.53.  / = 2/c  when  fi  = 2.78  rad. 

P = ^ In  sin  0 (Eq.(36.6)).  so  sin  0 = 

1 A ) 2r  a 

„ , „ BAx  (2.78rad)(540xl0"a  mX  1.20  m) 

V = i tan0 - ixin0  - — — = , = 7.96x10^  in  = 0.796 

2 xa  2^(0.360x10  m) 

Evaluate:  The  point  where  I =I,/2  is  not  midway  between  the  center  of  the  central  maximum  and  the  first 

minimum;  see  Exercise  36.15. 
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36*58.  Identify;  / = / 


respect  lo  YU  zero. 


The  maximum  intensity  occurs  when  the  derivative  of  the  intensity  function  with 


Set  Up:  ^=co./.  ±(l|=-£. 

(b)  The  graph  In  Figure  36.58  u a plot  of  /J  / ) = /’-Ian)'.  When  /(/)  equal*  zero.  there  a an  Inleiull)’ 
maximum  Gelling  estimate*  from  Ilie  graph.  and  then  using  trial  and  error  to  narrow  in  oo  the  value,  we  find  that 
the  three  smallest  /-value*  are  /=  4.49  rad  7.73  rad.  and  10.9  rad. 

EVALUATE:  /=  0 is  the  central  maxunum.  The  three  values  of  / »e  found  are  the  locations  of  the  fin!  three 
secondary  maxima.  The  fir*«  four  minima  are  at  y=3.14  rad . 6.28  rad.  9.42  rr*l.  and  126  rad.  The  maxima  are 
between  adjacent  minima,  but  not  precisely  midway  between  them. 

Gunnu  m\mz 

tinn?*  jjrriiu 


DO  2.0  4.0  60  $0  10.0  12.0  U0 

Figure  36.58 

36.59.  1DEVFIFY  and  SET  UP:  Relate  the  phase  difference  between  adjacent  slits  to  the  sum  a!  the  phasors  lor  all  slits.  Hie 

phase  dillerence  between  adjarent  slits  is  ^ = ^L*in0  * when  0 is  small  and  sin#  « 0.  Thus  0 = . 

A A 2M d 

Execute:  A principal  maximum  occurs  when  C = = m2x.  where  m is  an  integer,  since  then  all  the  phasces 

add  The  lint  minima  on  either  side  ol  the  m°  principal  maximum  occur  when  $ = p mix  t {2x!N)  and  the 

phasoc  diagram  (or  N slits  forms  a closed  loop  and  the  resultant  phasor  is  zero.  The  angular  position  of  a principal 

maximum  it  0-\  — U . The  angular  position  of  the  adjacent  minimum  is  0l  = — . 

2rd  1 2.TJ 


L=;J_  =e+  _Lj'2£W+A 

“ 2t d “ N 2nd  1 N Nd 


The  angular  width  of  the  principal  maximum  is  0 *-  0~  = as  was  lo  be  shown. 

Nd 

EVALUATE:  The  angular  width  of  the  principal  naximum  decreases  like  l/N  a*  N increase*. 

36.66.  iDEVnrV:  The  change  in  wavekngth  of  the  H,  line  is  due  to  a Doppler  shift  m the  wavelength  due  to  the  motion 
of  (be  galaxy. 

SET  Up:  From  Equation  1 630.  the  Dcopler  effect  formula  for  light  is  /.  = I- — -/< . 

V + v 

Execute:  Rrsl  lied  the  wavelength  of  the  light  using  the  grating  information. 

A = d sin  0.  = 1 1/(575.800  Ilnealm)]  sin  23.4 1*  = 6.900  x 10"’  m = 690.0  nm 


Using  Equation  16.30.  we  have  /,  = ^——f  . In  this  case. /j  is  the  frequency  of  Ibe  690.0-nm  light  that  the 
cosmologisl  measure*,  and /,  is  Ibe  frequency  of  the  656  3-nm  light  of  the  11.  line  obtained  in  the  lahoratorv. 
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Solving  fox  V pve*  v = * c.  Since fA  = c.  / = c/^.  whkii  pvt* /*?5  = SubOituiing 

coiulic®  fc*  v.  we  eel 


Liu.s  into  Ibe 


1- 


656.3  nm  1* 
690.0  om 


1 + . 6563ml, 
690.0  mi 


-,.(3.00x10'  mts)  = 1501  x 107m's. 


which  u 5. (Xr*  the  speed  o< 

EVALUATE:  Since  v it  positive.  Ibe  galaxy  it  moving  anay  from  u».  We  can  also  tee  this  became  the  wavelength 
hat  increased  doe  to  (he  motion. 

36.61.  iDE-YTirY  and  SET  UP:  Draw  Ihe  specified  phasor  diagram,.  There -is  totally  deitmctive  interference  between 
two  tlitt  when  their  pharens  are  in  opposite  directions. 

EXECUTE:  (a)  For  eight  slitt.  Ibe  phasor  diagrams  must  have  eight  vecton.  Tlxe  diagrams  foe  e*h  specified 
value  of  d are  ikelcbed  in  Rgure  36.61a.  In  e*h  cate  the  phasots  all  sum  to  zero. 

<b)  Tlie  additional  pluitor  diagrams  for  p = 1*12  and  3?/4  are  sketdied  in  Figure  36.61b. 

Fottf  = — ,p=  — . and  p = — . totally  detractive  interference  occurs  between  this  four  apart  fxit  p = — . 

totally  destructive  interference  occurs  with  every  second  sht. 

EVALUATE:  At  a minimum  the  rhasurs  for  all  slits  sum  to  zero. 


<*) 


Figure  36.61 


<b) 


36.62.  IDEYTIFY:  Maxima  are  given  by  2dno0  = mA  . 

SET  Up:  d it  the  separation  between  crystal  planes. 

Execute:  (■>  0 = aresm ’ — ' = arcsin1  DID  = arcsin(0.2216m). 

1 2d  • 2)0.282  nm) 


Form  = 1:0  = 12*’ m = 
(b)  It  Uw  separation  d - 


2:1 

a 

72 


0 = 41 .7”.  and  m = 4 : 0 = 62.4”.  No  larger  m values  yield  answers. 

, = arcsm(0.3!34m). 

2a 


So  for  m = 1:  0 = 18.3”.  m = 20  = 38.8’.  and  m = 3:  0 = 70.1°.  No  larger  m valuet  yield  answers. 

Evaluate:  In  part  )b).  where  d a smaller.  Ihe  maxima  for  each  m are  at  larger  0 

36.63.  IDENTITY  and  SET  Up:  In  each  cate  consider  the  relevant  pluitor  diagram. 

EXECUTE:  (a)  For  the  maxima  to  occur  for  N slits,  the  sum  of  all  the  phase  differences  between  the  slits  mmt 
add  to  zero  (the  phasor  diagram  closes  on  itself).  Ibis  requites  that,  addmg  up  all  the  relative  phase  shifts. 

A'd  = 2am.  lot  tome  integer  m . Therefore  p = . fee  m not  an  integer  multiple  of  .V.  which  would  give  a 


<b)  The  sum  of  N phase  shifts  p = — — brings  you  full  circle  back  to  the  maximum,  so  only  the  iV-1  previous 

iV 

phases  yield  minima  between  each  pair  of  principal  maxima. 

Evaluate:  The  N - 1 minima  between  each  pair  of  principal  maxima  cause  the  maxima  to  become  sharper  as  N 
increases. 

36.64.  iDEYnrv:  Set  d = a in  the  expressions  for  p and  p and  use  the  results  in  Bq.<36.12). 

SET  Up:  Figure  36.64  shows  a pair  of  slits  whore  width  and  separation  are  equal 
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Execute:  Figure  36.64  slxiw*  that  the  two  slits  are  equivalent  to  a Jingle  jilt  o!  width  la  . 

(*  = ^^sn0.»o/f  = ^Isin0  = t*.  So  then  the  mtenuty  1> 

A A 


1=1. cc* 


, <2M(^/2)C«(^2))1_  rinV_,  ™‘<pm  2jTj2a)  . .. 

<p2)  ~wi r )-'* 7 


which  1j  Eq.  (35.5)  with  double  the  alll  width. 

EVAIXATE:  In  Chapter  35  we  considered  the  limit  where  a«d . a > d la  not  po» >ib!e . 


Figure  36.64 

36.65.  iDEvnrv  and  SET  LIP;  Ihe  condition  (or  an  intensity  maximum  ti  d*ia0  = mX.  m=0.  ±L  ±2.  Third  order 
means  m = 3.  The  Iceigest  observable  wavelength  i*  the  one  that  gives  0 = 90"  and  hence  0 = 1. 

Execute:  65(0  Unej/cm  to  6-50x10*  Unes/m  and  d = — r m = 1.538x10'*  m 

TsoxW 

^ = £»n0  = (1.53Sx.O-mXl)=s|3)<|O,m  = sl3Dm 

m 3 

Evaluate:  The  longest  wavelength  that  can  be  obtained  decreases  as  the  order  inacioes. 

36.66.  iDEVnrY  and  SET  UP:  As  ibe  rays  first  reach  the  this  there  is  already  a phase  difference  between  adjacent  slits  of 

2/rd  sin  6^ 

- . This.  adifcd  to  the  usuil  phase  difference  introduced  alter  ixissmg  through  the  slits,  raids  the 


condition  foe  an  intensity  xmximuin.  For  a maxinxim  the  total  phase  difference  must  equal  2&m  . 

IxdsmO  lAduntf  . . 

Execxte:  + = 2xm  =:  d{  sin  0+ sin  ff)  = mA 

A A 


= 2«»i  =>  d(un  0- tin  0')  = m/. 


(b)  600  jUts.  mm  =>d  = 
Fee  if  =0 , 

m = 0:  0 = «i-mo(O)  = O. 


= 1.67x10“* 


5.00x10  in 


ii  = 1;  0 = 


X . 6.50x10-' m 
d ~ 1.67x10”  m 


< 3\ 

ni=-l;  0 = menu  -— ! = 


6.50x10  m 


= -219. 


Fee  tf  = 20.0 . 


m = 0:  0 = 


1 = -20.0 . 


i«  = l:  0=are>in  650>1(>"  "‘-.Id 20.0  =2.71. 
1.67x10  m 


Tf  = -l:  0 = arc  sin 


6.50x10*  at 


-sin  20.0  =-47.0. 


’ 1.67xlGP  m ) 

Evaluate:  When  & >0 . the  maxima  arc  shifted  downward  on  the  screen,  toward  more  negative  angles. 
36.67.  iDEVnrY:  The  maxima  arc  given  by  dsin 0 = mA  . We  need  sin0  = — £ lin  teder  lor  all  the  visible 


wavelengths  are  to  be  seen. 

SET  Up:  For  650  slits/mm  =>  d = 


630x1 


= 1.53x10^  m. 
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Execute:  4 = 4.00xlO’m:m  = l:A  = 0.26;m  = 2:l^  = 0.S2;m  = 3:^.:=0.7g. 

A,  = 7.00X  10'’  m : m = 1 : i = 0.46;  m = 2 : Hi  = 0.91  m = 3 : ^ = 1 .37.  So.  the  third  uda  does  not  contain  Ibf  violet 
d d d 

cod  ol  (he  i^echum.  and  therefore  only  (be  lint  and  second  order  dilfraction  pal  lam  contain  all  colon  of  (he  spectrum 
Evaluate:  0 for  each  maximum  is  larger  for  longer  wavelengths. 

36.68.  iDEVnrV:  Apply  Un  0 = 1.22—. 

SETUP:  0 is  small,  so  sin  where  Ax  i>  (he  race  ol  (he  de(ul  and  R=7.2xl0*  ly.  1 ly  =9.41x10“  km.  A=df 

Execute:  sin  e = lJ22±~*^  A,  = '***  = "22><*  = "-^X3.00»10'  to»X7Jxltf  ly)  = 1Q6|v 
DR  D Df  (77.000x10’ km)(1.665xl0*  Hz) 

(9.41x10*'  km.'lyX2.06  ly)  = 1 .94  x 10"  km. 

Evaluate:  2 =18  cm.  AID  is  very  small.  so  is  very  email.  Still.  R is  very  large  and  Ax  is  many  orders  of 

magnitude  larger  (han  (he  diameter  of  the  sun 

36.69.  IDE-Vnr*  and  SET  UP:  Add  (he  phases  between  adjacent  sources. 

Execute:  (a)  diia0=mA.  Place  1"  maximum  a(  i»or0  = 9O.  d = A.  II  d<A.  this  puls  (be  lint  maximum 
"beyond  “>."  Thus,  if  d <A  (here  a only  a single  principal  maximum 

<b)  Al  a principal  maximum  when  <5  = 0 . (he  phase  difference  due  (o  (be  path  diifcrem  between  adjacent  slits 


^=2*1 


d 


Thu  iuU  scales  Zflttfitt*  by  the  fraction  lh<  wavelength  is  of  the  palh  dillereoce  between 


adjacent  sources.  If  we  add  a relative  phase  S between  sources,  we  still  must  maintain  a total  phase  difference  of 
4ero  to  keep  our  principal  maximum 

IrdxiaO 


^±d  = 0 


= ±2>  « 0 = san*1! 


«<Tu 


(C)  d = 


0.280  m 
14 


= 0.0200  m (count  the  number  of  spaces  betw  een  15  points).  Let  0 = 45  . Also  recall  fX  = c,  so 


*-=± 


2»<0.0200m)(8.800xl0‘  Hz)un45 
(3.00x10*  m s) 


= ±2.61  radians. 


Evaluate:  6 must  vary  over  a wider  range  in  cadet  (o  sweep  (he  beam  through  a greater  angle. 

36.70.  iDCvnrv:  The  wavelength  ol  (be  light  Is  smaller  under  water  (bin  it  is  in  air.  which  will  affect  the  resolving 
power  of  the  lens,  by  Rayleigh's  cn tenon. 

SET  Up:  The  wavelength  under  water  is  A = AJn.  and  for  small  angles  Rayleigh’s  criterion  is  0-  1.22 A/D. 
Execute:  (a)  In  air  the  wavelength  is  A,  = c/f=  (3.00  x 10*  n^sV(6.00  x 101*  Hz)  = 5.00  X lCT’m.  In  water  the 
wavelength  i%A  = Ajn  = (5.00  X 10"’  my 1.33  = 3.76  x 10"?  m.  With  the  lens  open  all  the  way.  we  have  D =f/2. 8 = 
(35X1  mmy2.80  = (0.0350  tnV2»0.  In  the  water,  we  have 

ua  0-  0=  122  A/D  = (1.22X3.76  x 10"’  myi(0.0350  my2.80)  = 3.67  x 10*  r«l 
Calling  w the  width  ol  the  resolvable  detail,  we  have 

0=  w/R  -*  w = R0=  (2750  mmM3.67  X KT*  rad)  = 0.101  mm 
(b)  0=  1.22 /W>  = (1.22X5.00  x 10J  myl(0.0350  raV2.801  = 4.88  x 10"’  rad 

w = R0=  (2750  mmX4.88  X 10*  rad)  = 0.134  nun 

Evaluate:  Due  to  (he  reduced  wavelength  underwater,  the  resolution  ol  the  lens  Is  better  under  water  than  in  air. 

36.71.  iDEVnry  and  SET  Up:  Resolved  by  Rayleigh's  cn  tenon  means  the  angular  separation  0 of  the  objects  is  given 
by  0 = \21AID.  0 = yli.  where  y = 75.0  m is  the  distance  between  the  two  objects  and  i is  their  distant  Horn 
the  astronaut  (her  altitude). 

Execute:  2. =1.22— 
i D 

, = ^-='75  0mX4(X)xdO-',n,=492„o,  m = 492  ^ 

1.22 A 1-22(500x10 * m) 

Evaluate:  In  practice,  this  diffraction  limit  ol  resolution  Is  not  achieved.  Defects  of  vision  and  distortion  by  the 
earth's  atmosphere  limit  the  resolution  more  than  diffractioo  does. 


36.72. 


36.73. 


36.74. 


Diffraction  36-19 


Identify:  Apply  sin#  = 1.22— . 

SET  Up:  0 is  small.  so  *in0  » — . when:  At  is  the  size  of  the  details  and  R is  the  distance  to  the  earth. 

R 

1 I>  =9.41xl0”  m. 

OAi  (6.00x10'  m|(2. 50  x10s  m)  . _ ,,,, 

EXfCVTE:  <a)R  = -= . = 1.23x10”  m = l3.11y 

122A  (1-22X10x10^  m) 

. 1.22irt  a -22X1-0x10'' mX4.22IyX9.41xltf’  m/ly)  ...  _ . , , , 

(b)  Ax  = = — = 4.84  xlO1  km  . Tim  11  about  10.000  nmei  the 

D 1.0  m 

diameter  o ( the  earth!  Not  enough  rejolotion  to  see  an  earth-like  planet!  Ax  it  about  3 timet  the  distaore  Horn  the 
earth  to  the  tun. 

(c) A»=  :1-">|qxlP~'  ■|(591yX9.41« !»’  m 

6.00xlCr  m 

^L.  = t 38^^,  = s 19x  10“*;  At  is  small  compared  to  the  size  of  the  planet 

EVALUATE:  The  very  large  diameter  of  Planet  Imager  allows  it  to  resolve  planet-sized  <fctail  at  great  distaixes. 
Identify  and  SET  Up:  Follow  the  Steps  specified  in  the  problem. 

Execute:  (a)  From  the  segment  dy\ the  f rxtion  of  the  amplituifc  of  Et  that  gets  through  is 

(b)  The  path  difference  between  rich  little  piece  is 

y sin  0 =>  kx  = k(D - v'  sin  0)  dE  = sin (k(D  - y sin  0)-  at).  This  can  be  rewritten  as 

a 

dE  = !¥—(xio(kD  - at)co*ky'  xin0)  + sin iky  sin  0)coi(kD  - at)\ 
a 

(c)  So  the  total  amplitude  is  given  by  the  integral  over  the  slit  of  the  above. 

->  E = J^dE  = — J^24/  (linikD  - at)  cos (ky1  sin  0)  ♦ sin <*/  sin  0)  cos (kD  - at)). 

But  the  second  term  integrates  to  zero,  so  we  have: 


£ = — Un(U>  d/(COX*/*i°  »))  = E,  <*D  - 0*)  “°g> 

a sin  0 2 


E = £,sin(*D-<tf) 


ka(sin0)-l 


iratantf)  1 


Mg-Q.  I'.’-U -1-)E: Eaip(*P - a») 


(d|  Since  '=/,  ^ 2)  ,hce  W.  have  med  /^fjainVfa-n,). 


MUn0V2  J .02, 

Evaluate:  The  same  result  for  1(0)  is  obtained  as  was  obtained  using  phasorv 
Identify  and  SET  Up:  Follow  the  steps  specified  in  the  problem. 

EXECUTE:  (a)  Each  source  can  be  thtxigbt  of  as  a traveling  wave  evaluated  at  x = E with  a maximum  amplitude 
of  Et/.  However,  each  successive  source  will  pick  up  an  extra  phase  from  its  respective  paihlenglh  to  point 

P.f  = 2x\  ^ Vm  **  | which  is  jus*  2 ft.  the  maxinwim  phase,  scaled  bv  whatever  fraction  the  path  difference. 


d sin  0.  is  of  the  wavelength.  X . By  adding  up  the  contribulicos  from  each  source  (including  the  accumulating 
phase  difference)  this  gives  the  expression  provided. 

(b)  + n?)  + i sm<*E  - 4*  + nd).  The  real  part  is  just  cos  (kR-  at  + n0).  So. 

ir-4  A'-i 

Re  y , = y £,  cos(«? -ca  + np).  (Note:  Re  means  “the  real  part  of  .. . .").  But  this  is  just 

cov(*ft  - at ) + £ ’ co*(Jjr - at  + *)  + £ cos(£E  - at  + 2p)  + ♦ E tccw( kR  - at  ♦ (N  - l)p) 
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(c)  Ye* «*“—**  = £„  v e—  e-e-  = V*"-*  V c~  f = V <**,•.  But  recall  Vz £_i . 

Lrt«  = e sog<e  ) =-?7rr(°'cetnck!).Bui77-T.  ^.1,^,1  :f  ,^,1.^.1, 

lilting  everything  together. 

Iv- — 


= £,[coMOe  -*»  + (*’- 1)*2>  + i un(Wf  -at  + (N-  1)0/2)] 


talinc  only  the  real  part  gives  to  Eco*(tR-tir  + (N-l)d/2) 


cob  .V0/2  * lain  ,VW2  - cob  N#2  + lain  N#2 
cowV2  * i sin  0(2  - cob 0/2  + i sin  0/2 

sin  0/2 


in'(A’0/2) 


(d)  / = |gf  = . - - ‘-.r  (The  ecu1  lerra  goet  lo  ^ in  the  lime  average  and  ia  included  in  the  definition  ol  I,.) 

«n  (d/2) 


'■“f- 


■V— : (*)  N = 2.  ^a.^35,,. 


/J  « 2Ej  but  for  us  /0  ~ _L  = -1. 

36.75.  Identify  and  SET  Up:  From  Problem  36.74.  / = /. 


(A^/2) 


Use  this  result  to  obtain  each  result  specified 


in  the  problem. 

KXECXTE:  (a)  Urn  I Use  FHopitaTs  rufc:  lmi  = hm  = S.  So  hm  / = Ayl/a. 

0 sin^/2  #-•!.  1/2  ; co«Ktf/2)  *-s 

(b)  The  loculic©  of  the  first  minimum  is  when  the  numerator  fust  goes  to  zero  at  — = >T  or  - dL.  Ihc 

2 N 

width  of  the  central  maximum  goes  like  2^.  so  it  is  proportional  to  — . 

S 

(c)  Whewvcr  ^ = nx  where  n it  an  integer,  the  numerator  goes  to  zero,  giving  a minimum  in  intensity.  That  is. 

2ji* 

/ is  a miumm  wherever  i>  - — This  is  true  assuming  that  the  denominator  doesn’t  go  to  zero  as  well  which 

r* 

occurs  when  j = mx.  where  m a an  integer.  When  both  go  lo  zero,  using  the  result  from  parl(a).  there  is  a 

maximum.  That  is.  if  — is  an  integer,  there  will  be  a maximum. 

N 

(d)  From  part  (c).  if  — b an  integer  we  gel  a maximum.  Thus,  there  will  be  jV  - 1 minima  (Place*  where  — is 

N iV 

not  an  integer  far  fixed  A’  md  integer  n .)  Fix  example.  n=0  will  be  a maximum,  but  n =1.2....  iV-1  will  be 
minima  with  another  maximum  at  n = N. 

(e)  Between  maxima  £ i»  a foil-integer  multiple  of  irj  1*  l£.etc.)  ’ aid  if  V U odd  then 


(lV(*/2) 


l.w /-*/,. 


KVAIXATE:  There  results  show  that  the  principal  maxima  become  sharper  as  the  number  of  slits  it  increased. 


RELATivnY 


37 


37.1.  IDEVTIFY  and  SET  UP:  Consider  the  distance  A to  O and  B lo  O as  observed  by  an  observer  on  the  ground 
(Figure  37.1). 


i <1 


* O R 

Figure  37.1 

Execute:  Sumiltaneous  lo  observer  on  train  means  light  pubes  from  A*  and  B'  arrive  al  (f  at  the  same  lime. 
To  observer  al  O light  from  X has  a longer  distance  lo  travel  lhan  light  from  X so  O will  conclude  that  the  pulse 
from  A(A *)  started  before  the  pulse  at  B(B').  To  observer  at  O bolt  A appeared  to  strike  first. 

Evaluate:  Section  37.2  shows  that  if  they  are  simultaneous  lo  the  observer  on  the  ground  then  an  observer  on 
the  train  measures  that  lb:  bolt  at  & struck  first 

37.2.  (a)  v = -, — 1 = 2 29.  / = vf  = (2.29) (220x1 O4*)  = 5.05x1  CT4*. 

jl-W)1 

(b)  d = M = (0.900)  (3.00 x 10*  m;s)  (5.05  XlO4*)  = 1 .36 x 10*  in  = 1 .36  km. 


37.3.  IDENTIFY  and  SET  UP:  Use  problem  asks  fee  u such  thit  A/0  / A/  = 


EXECUTE 


: A/=-- 1 —r  gives  a =c^l-(Af,/A/|  =(3.00x10*  mfe)^l-|  - | =2.60x10*  ns's  ; - = 0. 


Jet  planes  fly  al  less  lhan  ten  times  the  speed  of  sound,  less  than  about  3(X>0  m/s.  Jet  planes  fly  at  much  lower 
speeds  than  we  calculated  for  ii. 

37.4.  lDE>mFY:  Time  dilation  occurs  because  the  rocket  is  moving  relative  to  Mars. 

SET  Up  The  lime  dilation  equation  is  A/  = >A/0 . where  t3  is  the  proper  lime. 

Execute:  (a)  The  two  time  measurements  arc  made  at  the  same  place  on  Mars  by  an  observer  at  rest  there,  so 
the  observer  on  Mars  measures  the  proper  lime. 

<b>  Af  = *V0  = - '■ -(75.0 /A)  = 435/0 

sil-(0.985)‘ 

EVALUATE:  The  pulse  lasts  for  a shorter  time  relative  to  the  rocket  lhan  it  does  relative  to  the  Mars  observer. 

37.5.  (a)  IDENTIFY  aixl  SET  Up:  Ar#  = 2.60X  10*4  s;  to  = 4.20X  10~7  s.  In  the  lab  frame  the  pion  is  created  and  decays 

at  different  points,  so  thb  lime  is  not  the  proper  time. 

EXECVTK:  At  - *■  = 

7T777  ? 1 A.  ■ 


« L = t u = 099g£ 

c ^ 1 A/  \ 4-20xl0"‘  » 

Evaluate:  u < c.  as  it  must  be.  but  uic  is  dose  to  unity  and  the  time  dilation  effects  are  large. 

(b)  Identify  and  SET  Up  The  Speed  in  the  laboratory  frame  is  u = 0.998c.  the  time  measured  in  this  frame  is 
A r.  so  the  distance  as  measured  in  this  frame  is  d = uAl 
Execute:  d =(0.998X2.998x10*  m/s)(4.20xl0"T  s)  = 126  m 

EVALUATE:  The  distance  measured  in  the  pton’s  frame  will  be  different  because  the  time  measured  in  the  pion's 
frame  is  different  (shorter). 
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37.6. 


37.7. 


37.8. 


37.9. 


37.10. 


37.11. 


37.12. 


37.13. 


ys  1.667 

(a)  a^,=— =l-20xl0*  m =0300i. 

0 y ;.<0.800c) 

(bl  (0.300s)  (0.800c)  = 7.20X lO’m 

(c)  Af,  = 0.300 ijy  = 0. 1 80  s.  (Thu  it  what  the  racer  measures  your  clock 

, . , 1 .20x10*111 

you  real  (he  original 


read  at  lhal  instant.)  At  your  origin 
=05  *.  Clearly  (he  observer*  (you  and  (he  racer)  will  not  agree  on  (he 


.800)  (3x10*1X1.*) 

order  of  events! 

iDEvnr*  and  SET  UP:  A dock  moving  with  respect  to  an  otaerver  ippears  to  run  mne  slowly  than  a clock  at  rest 
in  the  observer's  frame.  The  clock  in  the  spacecraft  measurers  the  proper  lime  At,.  A/  = 365  days  = 8760  hours. 
EXECUTE:  The  dock  on  the  moving  spacecraft  runs  slow  and  shows  the  smaller  elapsed  time. 

Ar,  =Arv'l-i i'/c1  = (8760 b\tl - (4.80x  10* /3.00X  10*)'  = 8758.88  h . The  difference  m ehpted  tiroes  is 
8760  h -8758.88  h = 1.12  h. 

IDENTIFY  and  SET  Up:  The  proper  time  is  measured  in  the  frame  where  the  two  events  occur  at  the  same  point. 
Execute:  (a)  The  tone  of  12.0  ms  measured  by  the  first  officer  on  the  craft  is  the  proper  time. 

(b)  Ar=  i A'1 gives  u = cJl-(Afc/A/)'  =cNl-(12.0xl0~’/0.190)i  = 0.998c. 

v'l-u'/c' 

Evaluate:  The  observer  al  rest  with  respect  to  the  searchlight  measures  a much  shorter  duration  for  the  evenL 
IDE-Vnr*  and  SET  Up  1 = The  length  measured  when  the  spacecraft  is  moving  is  i = 74.0  m;  t>  is 

the  length  measured  in  a frame  al  rest  relative  to  the  spacecraft. 

I 

'l -u'lc 

Evaluate:  I.  > I.  The  roovme  soacecraft  aonears  to  an  observer  oo  the  planet  to  be  shortened  along  the 


Execute:  /,  = 


74.0  m 

v.-»  /.  ^l-(0.600c/c)' 

I.  > I.  The  moving  spacecraft  appears 


= 92.5  m. 


direction  of  morion. 

fDELVnrv  and  SET  Up:  When  the  metersrick  is  at  rest  wilh  respect  to  you.  you  measure  its  length  to  be  1 .000  m. 
and  that  is  its  proper  length. . / = 0.3048  m. 

Execute:  / = l.'H^u1 lc‘  gives  u = c^l -(111,)1  = cfi- (0.3048/1. 00)1  = 0.9524c  = 2.86x  10*  m/s . 

IDE-Vnrv  and  SET  Up:  The  2.2  Jls  lifetime  is  A/o  and  the  observer  on  earth  measures  Af.  The  atmosphere  is 
moving  relative  to  the  muoa  so  in  Ns  (lame  (he  height  of  (he  atmosphere  is  I aixl  /„  is  10  km. 

Execute:  (a)  The  greatest  speed  the  muon  can  have  is  c.  so  the  greatest  distance  it  can  travel  in  2.2x10'*  s is 
<f  =»t=  (3.00x10*  m\X2.2xlCr*  s)  = 660m  = 0.66 km. 

(b)  Af  = — — =4.9xl0^s 

Vl-u’/c*  ^1  - (0.999)' 

d=rt  =(0.999X3.00x10*  m/sX4.9xl0'’  s)  = 15km 

In  the  frame  of  the  earth  the  muon  can  travel  15  km  in  (he  atmosphere  during  its  lifetime. 

(c)  /=J,N'l-»'/c'  = (10  kn)Ntl- (0.999)'  =0.45  km 

In  the  frame  of  the  muon  the  height  of  the  atmosphere  is  less  than  the  distance  it  moves  during  its  lifetime. 
IDE-Vnrv  and  SET  Up:  The  scientist  at  rest  oo  the  earth's  surface  measures  the  proper  length  of  the  separation 
between  the  point  where  the  particle  is  created  and  the  surface  of  the  earth,  so  /,  = 45.0  km . The  transit  time 
measured  in  the  particle's  frame  is  the  proper  time.  At, . 

Execute:  (a)t  = !i  = ''5  ",KI  = 151x10'*  s 

v (0.99540X3.00x10*  mi's) 

(b)  f =f,sl'l -n'/c1  =(45.0  km)vi-(0.99S40)!  =4.31  km 

(c)  time  dilation  formula:  Ar,  = Af^l-n'/c'  =(1-51x10*  s).!1!  - (0.99540)'  =1.44x10*  s 


Olxltf  in 


from  A/:  l = - = =i.44xl0'*  s 

v (0.99540X3.00x10*  m/s) 

The  two  results  agree. 

(a)  I.  = 3600  m . 


^=*>*^»-~t=^,(3600|°>  'qxoxIq*  ° =(3600  mX0-991)= 3568  m 
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37.14. 


37.15. 


37.16. 


37.17. 


37.18. 


37.19. 


(b>  Ar,  = — = -WJ1D — =9.00x10“*  *. 

* 4.00x1 07  m/s 

(c)  Ar  = — = - 3568  ” = 8.92xlO“5rc 

m 4.00x10  m* 

Multiplying  Ibe  List  equation  of  (37.21)  by  u and  adding  to  the  first  k>  eliminate  / gives 

,W=„|  i-fyu 


and  nxiltipl>tng  the  first  by  -j-  and  adding  to  the  Last  to  eliminate  x gi ves 

mix = y (x'  + irf)  am! / = vO” + jo’/c1). which  is  milecd  Ibe  umr  as Eq.  (37.2 1 ) with  Ibc  pruned  coordinaks 
replacing  (he  unprimed.  and  a change  ol  sign  of  u. 

✓+11  0.4Wc+ 0.600c 


a v = 


i <vV  1 ♦ (0.400)  (0.600) 


= Q.SU6c 


(b»  ,=  = °.90ftr *• 0.600c  =ft974f 

1 +«✓/«*  l + (0.900M0.600) 

, . >'♦!<  0.990:  ♦ 0.600c  __ 

1+uv/c  I * (0.990M0.600) 
y = 1 .667<v  = 5/3  if  u = (4.  5 )cX 

(a)  In  Mavis’s  frame  the  event  ‘light  cm"  has  space -time  coordinates  x*  = 0 and  f = 5.00  s.  so  from  Ibe  result  of 


Exercise  37.14  or  Example  37.7.  x = y(x'  + m')  and  t =y|  t * 


> x = W = 2.00x  10* m. I =yf' =8.33  s. 

(bl  The  5.00-s  interval  in  Mavis’s  frame  is  the  proper  lime  Arc  in  Eq.(37.6).  so  M = y Af,  = 8.33  s.  as  in  pari  (aX 
(cl  (833s) (0.800:)  = 2.00x10*  m.  which  is  (he  distance  x found  in  part  (aX 

IDEVTIFY : The  relativistic  velocity  addition  formulas  apply  since  (he  speeds  are  dose  lo  that  of  light. 

SET  lip;  The  relativistic  velocity  addition  formula  is  s'  = — ~ 11  . 

EXECUTE:  (a)  Foe  the  pursuit  ship  to  catch  the  cruiser,  the  distance  between  them  must  be  decreasing,  so  the 
velocity  of  the  cruiser  rehlive  to  the  pursuit  ship  must  be  directed  toward  the  pursuit  ship. 

(bl  Let  the  unpnxwd  frame  be  Talooine  and  kt  the  primed  Iran*  be  the  pursuit  slip.  We  want  the  velocity  s'  of  lb: 
cruiser  knowing  lb:  velocity  of  the  pruned  franc  u aod  the  velocity  of  the  cruiser  v in  the  unprimed  Iramr  (TatooineX 

0.600c -0.800c 
" 1-  “*’■  1- (0.600)  (0.8001 

The  result  mplies  that  Ihe  cruiser  is  moving  toward  the  pursuit  ship  at  0.385c. 

Evaluate:  The  nomelativistic  formula  would  have  given  -0.200c.  which  is  considerably  different  from  the 
correct  result. 

Let  h,  be  the  (-component  of  the  velocity  of  S'  relative  to  S.  Billowing  the  steps  used  in  the  derivation  of 

**37*1 

lDE.vnrv  and  SET  Up:  Reference  frames  S and  S are  shown  in  Figure  37. 19. 


, — o 


0 

lib  fr  it* e 


frame  S is  at  rest  in  t be 
bboratory.  Frame  5"  is 
attached  lo  particle  1. 


Figure  37.19 

i is  the  speed  of  S'  relative  to  5;  this  is  the  speed  of  particle  1 as  measured  in  tlx  laboratory.  Thus  u - 40.650c. 
The  speed  of  particle  2 in  S’  is  0.950c.  Abo.  smcc  the  two  particles  move  in  opposite  directions.  2 moves  m the 
-i  direction  and  v'  = -0.950c.  We  want  to  calculate  v_.  the  speed  of  particle  2 in  frame  S:  use  Eq.<37.23). 
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EXECUTE:  V,  = v-*"  ■ = -0950c  ♦ 0.65Pc  _ -O.3Q0c  _ _q  7^  The >pfta  ^ fl*  second  particle. 

\ + uv’Jc‘  l + (0.950cK-0.650c)/c1  1-0.6175 
as  measured  in  the  laboratory.  U 0.784c. 

EVALUATE:  The  incorrect  Galilean  expression  for  Ihe  relative  velocity  gives  that  lix  speed  of  the  secuod  p article 

in  the  lab  frame  is  0.300c.  The  coct eel  relativistic  calculable  give*  a result  more  than  twice  this. 

37.20.  iDEVnrv  anil  SET  UP:  Let  5 be  the  laboratory  frame  and  let  S' be  the  frame  of  ooe  of  the  particles,  as  shown  in 
Figure  37.20.  Let  the  positive  x direction  for  both  frames  be  from  particle  1 to  particle  2.  In  the  lab  frame  particle  1 
is  moving  in  the  +x  direction  and  particle  2 is  mov  ing  in  the  -x  direction.  Then  u = 0.9520c  and  v - -0.9520c  . 
v is  the  velocity  of  particle  2 relative  to  particle  1. 

Execute:  ✓ = V~*  v = -°-9520c -0.9520c — r = -0.9988c.  The  speed  of  particle  2 relative  to  particle  1 

i-nv/c1  l-(0.9520cX-0-952(X:)/ci 

is  0.9988c . v<0  shows  particle  2 is  moving  toward  particle  1. 


Figure  37 M 


37.21. 


37.22. 


37.23. 


IDEYTIFY:  The  relativistic  velocity  aiklition  formulas  apply  since  the  speeds  are  close  li>  thit  of  light. 

v — u 

SET  Up:  The  relativistic  velocity  addition  formula  is  V,  - — . 


Execute:  In  the  relativistic  velocity  aiklition  formula  for  this  case.  is  the  relative  speed  of  particle  1 with 
respect  to  panicle  2.  v is  the  speed  of  particle  2 measured  in  the  laboratory,  rod  ir  is  the  speed  of  particle  1 
measured  in  the  laboratory,  u = - v. 

, _ v-i-v)  _ — 2v  _ - 2v + v.'  =0 and  (0.890c)*1  - 2c‘v + (0.890c')  = 0. 

' 1 -(->•) vtt‘  l + v'/c*  7 ‘ 


This  is  a quadratic  equation  with  sofutiem  v = 0.611c  (v  must  be  less  than  c\ 

Evaluate:  The  noorelativistic  result  would  be  0.445c.  which  is  considerably  different  from  this  result. 
IDE-Vnrv  and  SET  Up:  Let  the  narfighter's  frame  be  5 and  lettbe  enemy  spiceship's  frame  be  S' . Let  the 
positive  x direction  for  both  frames  be  from  the  enemy  spaceship  toward  the  startighter.  Then  n = +0.400e . 

>’  = +0.700:- . v is  the  velocity  of  the  missile  relative  to  you. 

. . »,+  “ 0.700c  + 0.400c 

Execute:  (a)  v = = = 0.859c 

1 *uv/c‘  1 + (0.400M0.700) 

(b)  Use  the  distance  it  moves  as  measured  in  your  frame  and  the  speed  it  has  in  your  frame  to  calculate  the  time  it 

. • . 8.00X10*  m ,,  _ 

takes  in  your  frame.  I = j =31.0  s. 

(0.859K3.00X10*  mfs) 

lDE.vnrv  and  SET  Up  The  reference  frames  are  shown  in  figure  37.23. 

y / 


,_4)  B '■ 


S = Arrakis  frame 
S'  = spaceship  frame 
The  object  is  the  rocket. 


Figure  3 7.23 


u Is  (he  velocity  of  the  spaceship  relative  to  Arrakis. 
v,  = 40.360c;  vM  = 40.920c 

(In  each  frame  the  rocket  is  moving  in  the  positive  coordinate  direction.) 


Ure  the  Loreotz  velocity  transformation  equabuo.  Eq.(37.22):  r.  = — , 

\-uvJc* 

tmxai 

0.360C-0.920,-  |=_0^=,.37c 


l-w,v.«  1 - (0.360c)(0.920c)/c  0.6688 

The  speed  of  (he  spacecraft  relative  to  Arrakis  is  0.837c  = 2.51x10*  m/s.  The  minus  sign  in  our  result  loi  u mean* 
that  the  spacecraft  is  moving  in  the  -j-doecticm.  so  it  is  moving  away  from  Anakls. 

EVALUATE:  The  incorrect  Galilean  expression  also  saw  that  the  spacecraft  is  moving  any  from  Arrako,  but 

with  speed  0.920c  - 0.360c  = 0.560c. 

37.24.  IDENTIFY:  We  need  to  use  the  relativistic  Duppiet  shift  formula. 

SET  UP:  The  relativistic  Doppler  shill  formula.  Eq.(37.25).  is  /=j£±!L/0. 

tXEtVTE;  /,=7^f‘- 
— c(f‘  -/,*)_  (///,)*-l- 

"7 rnr  (///.)'+i  ■ 

(a)  fix  fifa  = 0.95.  u = - 0.051c  moving  away  from  the  some. 

<b>  fix  flfo  = 5.0.  u = 0.923c  mining  towards  the  source. 

EVALUATE:  Note  that  the  speed  required  to  achieve  a 10  times  greater  Doppler  shift  is  not  10  times  the  original 
speed. 

j£*  + J| 

37.25.  iDEVnrY  and  SET  UP:  Source  and  observer  are  approving.  jo  use  Eq.(37.25):  / = • L.  Solve  for  u.  the 

Ve-ii 

speed  of  the  light  source  relative  to  the  observer. 

(a)  Execute:  f‘=—  f‘ 


=675  run.  ,1  = 575  nm 

u = i n'°|: — | |c =0. 159c  = (0. 159K2.998X  10*  m/»)  = 4.77xl0’  m/s;  definitely  speeding 

<b>  4.77x10’  m/s  =<4.77x10*  nVs«l  km'lOCO  mK3«X)  s/1  h)  = 1.72xl0*  knvh.  Your  fine  would  be  51.72x10* 
(172  millsoo  dolhrs). 

Evaluate:  The  source  and  observer  are  approaching.  so  / > /0  and  A < A,.  Our  result  gives  u < c.  as  it  must. 

37.26.  Using  u = -0.600c  = -(3, 5)c  in  Eq.<37.25)  gives 


37.27.  iDEVnrv  and  SET  Up:  If  F is  parallel  to  v then  F changes  the  magnitude  of  v aod  not  its  direction. 
dp_d<  mv 
di  dt\  ji-sic1 ; 

Use  the  chain  rule  to  evaluate  the  derivative:  — /<s </)> 

At  Ay  At 


1 2v  d\' 

2 "F  dT 


rfv  m 


(1-vV^) 


r2  v3 


Cl  - v /c 


But  — = a.  voa  = (F/mXl-v1/c2),'\ 


EVALUATE:  Our  result  agrees  with  Eq.(37.30). 
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<b)  iDEVnrY  and  SET  Up:  11  F i%  perpendicular  10  v then  F change#  the  direction  of  r and  not  it*  magnitude. 

F~d{ 

* v'l  - v1  tc  ‘ ' 

a m dv  I di  but  the  magnitude  at  v in  (be  denominstw  of  Eq. (37.29)  u conoant. 

EXECUTE:  F = — and  a = (F/m)(l-v>/c,)v‘. 

Vl —vie 

Evaluate:  Thu  result  agrees  with  Eq.(37.33). 

37.28.  lDE.vnrv  anil  SET  Up:  Y-  — \ ... . If  V is  1.0‘S  greater  than  1 then  r=  1.010 . if  ris  1<W  greater  than  1 

then  y= 1.10  and  if  y u 100$  greater  than  1 then  y=2.00. 

Execute:  v=cvll-l/y' 

(a)  v = c^-l/flOlO)1  = 0.140c 
<bt  v = c^-lA1.10)'  =0.4 17c 
(c)  * = cv'l-lA2.00)1  = 0.866c 

37.29.  (a)  p = . m'  , = 2mv  . 

Jl-ir/c* 

=>l  = 2^7J?-^l  = l-^  =v1=ic1sw  = ^c  = 0.866c. 

(b»  F = y'ma  = 2ma~*  / = 2^y  = <2),/*  so— Ly  = 2"’  » ^ = 0.608 

37.30.  The  force  is  found  from  Eq.<3732)  or  Eq.(37.33). 

(a)  Indistinguishable  from  F = our  = 0. 145  N. 

<b>  y'ma  =1.75  N. 

(c)  y’ma  =51.7  N. 

(d>  viim  =0.145 N.  0.333 N.  1 .03 N. 

37.31.  (a)  AT  = , mi -mc‘  = mc‘ 

Vl-vVe* 

=>—, — ! = 2 r>2.  = l-!T-»r=  ,l!c  = 0.866c. 

4 ? '1 4 

<b)  K = $mc‘  — 1 = 6rj  J_  = l-ll a, v=!llc  = 0.986c. 

J6  7 V36 

37.32.  E = 2mc‘  = 2(1.67xlO‘JTkgH3.0Oxl0,m1’s)1  = 3.01  x 10'"  J = 1.88xlO*eV. 

37.33.  iDEVnrv  and  SET  UP:  Use  Eqs.<37.38)  and  (37.39). 

Execute:  (a)  £ = me1  ♦ K.  so£  = 4.00mc1  means  AT=3.00(bc' =4-50x10'"  1 
<b)  £,=(mc'),  + (pc)':  £ = 4.00aic'.  so  15.0(mc')' =(pc)" 
p = -JiSmc  = 194x10'"  kg  ns's 
<c)  £ = mc'/«/l— v'/c* 

£ = 4.0Qoic'  gives  1 -v'/c1  =1/16  and  v = JlSn6c  = 0.968c 

Evaluate:  The  speed  is  close  to  c Since  the  kinetic  energy  u greater  than  the  rest  energy.  Nonrelativistic 
expressions  relating  £ K.  p and  v will  be  very  inaccurate. 

37.31.  (a)  W = A£  = (y,  -l)mc'=  (4.07  xlO^)  me2. 

<b>  (y,-y ,)Bic'=4.79mc'. 

<c)  The  result  of  part  (b)  i%  far  larger  than  that  of  part  (a). 

IDENTIFY:  Use  E = me 1 to  relate  the  mas*  increase  to  the  energy  increase. 

<a)  SET  UP:  Your  total  energy  E increases  because  your  gravitational  potential  energy  mgy  increase*. 


37.35. 
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37.36. 


37.37. 


37.38. 

37.39. 


37.40. 


37.41. 


EXECUTE:  A£  = mgAy 

A£  = (Am)c*  jo  Am  = AE/c1  = mg(Ay)/c* 

Am/m  = (gAy)/rs  =(9.80  mfr2)(30  0442.998x10*  m/s)a  =3.3x1 O'4** 

Thu  increase  is  much,  much  loo  small  lo  be  noticed 

(b)  SET  UP:  The  energy  increases  because  potential  energy  is  stored  in  ihe  compressed  spring. 

Execute:  A£  = At/  = ££*a  = j(2Q0xl04  N/mX0.060  m)1  = 36.0  J 
Am  = (A£)/ca  = 4.0x1 0“w  kg 

Energy  increases  so  mass  increases.  The  mass  increase  is  much,  much  loo  small  lo  be  noticed 
Evaluate:  In  both  cases  Ibe  energy  increase  corresponds  to  a mass  increase.  Bui  since  c2  is  a very  large 
number  the  mass  increase  is  very  small. 

(a)  E,  = rf\f2 . . Therefore.  m = 2m. 


f7/r 


r = 2m,.. 


1 = 1 - *j  ^ = 3-  v = Cyj 3/4  = 0.866c  = 2.60x10* m/» 


(b)  10  m,c2  = me2  = . "**  rJ . 

yjl-v  :c‘ 

— = v = cl—  = 0.995c  = 2.98x10* m/s . 

7 100  ? 100  \100 

IDEVT1FY  and  SET  UP:  Tbe  energy  equivalent  of  mass  is  £ = . />  = 7.86  g/cm*  = 7.86x10*  kg/m* . For  a 

cube.  V = l! . 

(b>  />=  — so  V = — = ul>1>kS  -0.141m*.  L=VU*  =0.521  m = 52.1  cm 
V p 7.86x10*  kg/m* 

Evaluate:  PartJC le/anliparti ck  annihilation  has  been  observed  in  ihe  laboratory.  t*il  only  wilh  small  quanlilies 
of  antimatler. 

(5 .52x10"*  kgX3.00xl0*  m/*)2  = 4.97xl£T"  J = 3105  MeV. 

IDE-Vnr*  anil  SET  Up;  Ibe  total  energy  is  given  In  terms  ol  the  momentum  by  Eq.(37.39).  In  It  ran  of  the  total 
energy  £.  the  kinetic  energy  Kit  K=E- me1  (from  Eq.37.38).  Tlie  rest  energy  is  me2. 

EXECUTE:  (a)  E = *(pc)1  = 

vi(6.6*xlO‘J,X2.998xlO*>JI,+|(2.1OxlCr‘'X2.998xl0'H1  J 
£■  = 8.67x10-"  J 

(b)  me 2 = (6.64xl0*2’  kg)(2.998xlO*  mf*)2  =5.97x10"”  J 
K =E-mc‘  =867x10*"  J - 5.97  x 10"”  J = 2.70x10*"  J 
, , K 2.70x10'“’  I „ 

,C’  5.97X10-“  J -04S2 

Evaluate:  The  incorrect  nimreUtivistic  expressions  for  K and  p give  K = p’/2m  = 3.3x10*“  J;  the  correct 
relativistic  value  is  less  than  this. 

r ( v '*'w 

£ = (mV+»V)“=«cJil  + LL 


1 D*  1 

- mc‘  1 ♦ — = me*  + -L_  = mc‘  + -mi1.  Ibe  sum  of  the  rest  mass  energy  and  the  classical  kinetic  energy. 


= -mv2  =5.34X10*"  J. 

2 


(a)  >’ = 8xl0‘  m/s->y  = ,—,.  = 1.0376.  Hx  m = m K 

yl-v2/c 

A'—  = (y-l)mc2  =5.65xlO*12 1 =1.06. 

(b)  v = 2.85x10*  m/s;  y = 3.203. 

*-  = l«vJ=6-78xlCr,,J;  £,.=  (v  - lime’s  3.3 1X10*“J:  K^iKamll  =4.88. 
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37.42. 


37.43. 


37.41. 


37.45. 


IDEYTIFY:  Siixt  the  speeds  involved  air  date  to  that  of  light.  we  must  use  the  relativistic  formula  for  kiixtic  energy 


SET  Up:  The  relativistic  kinetic  energy  is  K = (Y-  l)mc2  = 


Jl-S/c* 


-1  /nc1 


(a)  A=(y-l>mr  = ,T-1  me1  = (1.67x10"”  kgX3.00xl0‘  m/s)1 


Jl-(0.1COc/ 


-1 


A'=(1.50xl0*10  J)! 


v'l -0.0100 


-1 ! = 7.56xl0“,J  i = 4.73  MeV 


ih)  K =(1.50X10 


Jl-(0.500)a 


-l  . = 2.32x10“"  J = 145  McV 


(c)  Ar  = (1.50xl(TloJ)i  -j 1 


-1 

Jl  - (0.900)* 


= 1.94  XlO*10  J = 1210  McV 


(d)  A£  - 2.32x10“”  J -7.56x10“”  J - 224X10*11  J = 140  MeV 

(e)  A£  = 1 .94 x 10*10  J - 2.32 XlO*11  3 = 1.71x10“”  J =1070  McV 

(0  Without  relativity.  K - imv1 . He  work  dooe  in  accelerating  a proton  from  0. 100c  to  05C©c  in  the 

noorelativistic  limit  is  AE  = iirKO.SOOr)2  - Im<0.i00c)2  = 1.81xl0*11  J = 1 13  MeV. 

Hie  work  done  in  accelerating  a proton  from  0.500c  to  0.900c  in  the  noorelativistic  limit  b 

A£  = I/T7(0900c)2 - Im(O50Oc)2  = 4.21x10"”  J = 263  MeV. 

K VALLATE:  We  see  in  the  first  casc  the  nonrrlativbtic  result  b within  20%  of  the  relativistic  result  In  the  second 
case,  the  Donrelativbtic  result  b very  different  from  the  relativistic  result  since  the  velocities  are  closer  to  c. 
Identify  and  SET  Up:  Use  Eq.(23.12)  and  conservation  of  energy  to  relate  the  potential  difference  to  the  kinetic 
energy  gained  by  the  electron.  Use  Eq.(37.36)  to  calculate  the  kinetic  energy  from  the  speed. 
fcXECVTE:  (a)  K - qAV  = cAV 


K=mc * , -1  = 4.025fiar2  =3.295x10*”  J = 2.06  MeV 

' v'l-v'/c1  > 

AV  = K!r  = 2.06x10*  V 

(b)  From  part  (a).  K = 3.30x10*“  J = 2.06  MeV 

Evaluate:  Hie  speed  is  clow  to  c and  the  kinetic  energy  is  four  times  the  rest  maw. 
(a)  Accccding  to  Bq.(37.38)  and  conservation  of  masi-eneegv 


IMc1  * mc‘  = y2Afc'  o Y=  1 * — = 1 + -dlL 

2M  2(16.7) 


= 1.292. 


Ntrte  that  since  Y= 


**x  ha>c  that  —=  ll-  _L  = ll- 


T2927 


=0.6331. 


(b)  According  to  Eq. (37.36),  the  kinetic  energy  of  each  peoton  is 

K =(y-I),Wc2  = (1.292- 1X167x10"*  kgX3.COxlO,  ms)J|  - j 1=274  MeV. 

/ i oq  McV  ^ 

(c)  The  rest  energy  of  rf§  is  me2  = (9.75  xl0“”  kg)(3.00xl(f  m/s)2;  ^ 60x  lcr,»  j (=548  MeV. 

(d)  The  kinetic  energy  lost  by  the  protons  b the  energy  that  produces  the  rf . 

548  MeV  = 2(274  MeV). 


Ideytify:  T\x  relativistic  expression  for  the  kinetic  energy  is  A'  = (y-Umc1.  where  y= 
The  Newtonian  expression  for  the  kinetic  coergy  is  AL  = i/m*2. 


XT“dl 


= v*lc‘. 


SET  up:  Solve  for  v Mich  that  K = - A'» . 
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EXECUTE:  (y- 1 ymc1  = —mv1  . —! — - 1 = -x.  — = 1 l+-x  | . Alter  a little  algebra  this  become* 

A \fl-x  A 1-x  \ A / 

9x2+l5x-8  = 0.  x = — (-15  ±^(15)2+ 4(9X8)).  The  positive  root is  x = 0.425.  x = v2/c2.jm> 
v = Jk  = 0.6524- . 

Evaluate:  The  ffMtiOttl  increase  of  \bc  relativist*:  expression  above  the  noorelativistic  one  increases  as  v increases. 

37.46.  The  fraction  or  the  initial  raws  (a)  that  become*  e«rgy  is  1 - ^ = 6J82  x M**,  and  so  the  ewrgy  released 

per  kilogram  » (63 82 X 1 0“* XI  CO kgX 3.00x10*  m/s)2  = 5.74x10*  J. 

37.47.  <a)  B=mc\m  = E/c*  =(3.8x10“  J)/(2.998xl0“  m s)1  =4.2x10*  kg. 

1 kg  is  equivalent  lo  2.2  lbs.  so  m = 4.6x10*  tom 

(b)  The  current  rows  of  the  sun  is  1.99x10”  kg.  so  * would  take  it 
0 .99  X 10“  kg)/(4.2  X \&  kg  *)  = 4.7  X 10“s  = 1 .5  X 1 tf3  years  to  use  up  all  its  mass. 

37.48.  IDENTIFY:  Smce  the  final  speed  is  close  to  the  speed  of  light,  there  will  be  a considerable  difference  between  the 
relativistic  and  nonrelativistic  results. 

SET  UP:  The  nonrelativistic  week -energy  theorem  is  FAx  - Lmv1  - imv1.  and  the  relativistic  formula  lor  a 
constant  force  is  FAx  = (/- l)mc\ 

(a)  Using  the  classical  work-energy  theorem  and  solving  for  At . we  obtain 

m(vx  - v1)  (O.lOOxlCT*  kg)f (0.900X3.00x10“  m s )f  . , _ 

IF  2(1.00xl(T  N) 


37. 


(b)  Using  the  relativistic  work-energy  theorem  lor  a constant  force,  we  obtain 

Aj=(r:i W 

F 

For  the  given  speed.  /=— = 2.29,  thus 

(2^9-1)(0.100x10'4  kgX3.00xl0*  m s)1  „ , 

A*  — , = 1 1 .6  m. 

(lAOxKrN) 

EVAIAATE:  (c)  The  distance  obtained  from  the  relativistic  treatment  is  greater.  As  we  have  seen,  more  energy  is 
required  lo  actekrate  an  object  to  speeds  close  lor.  so  that  force  must  act  over  a greater  distance. 

(a)  IDENTIFY  arxl  SET  LT>:  Ar,  = 2.60x10"*  s is  the  proper  time,  roc  aimed  in  the  pioo’s  frame.  The  time 

measured  in  the  lab  must  satisfy  d = cAj.  where  u-c.  Calculate  Ar  and  then  use  Eq.(37.6)  to  calculate  a. 

. d 1-20X101  m . 

tXEtVTE:  Ar  = — = . = 4.003x10  s 

c 2.998x10*  m's 


Ar  = 


* 0-u  /c)  = — and  a--'/cJ)  = | ^ 


A/,.  . 


vW/c’  A/  l A/ 

Write  a =(1-Ajc  so  Ihit  (n/c)1  =<1-A)'  = 1-2A -FA1  - 1-2A  since  A is  small. 

UUng  this  in  the  above  gives  1 — (1  — 2A)  = ' — 


A-l(^l  -1|  ' =2.11xl0~1 

2'  A/  ' 2*  4.003x10^  s ! 

Evaluate:  An  alternative  calculation  is  lo  say  that  tbr  length  of  the  lube  must  contract  relative  to  the  moving 

pion  so  that  the  pion  trawls  that  kngth  before  decaying.  The  contrasted  length  must  be 
f = cA/0  = (2.998x10*  m/sKIbOxlCT4  s)  = 7.79ro 

/=fJVl-»'/c‘so  l-u1/rJ=(i 
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37.51. 


37.52. 


37.53. 


37.54. 


Bzeciivs:  y=  — 


= 154 


Vl-iT/c* 


TV...O-«c,l»A-i(IJ  =2...X.tr*.  »fcichvh«kf. 

(b)  iDEvnry  md  Set  Up;  E = ymc‘  <Eq.<37.38). 

1 1 1 

n'2A  ^2(2.11x10^) 

E = 154<1 39.6  MeV)  = 215x10*  MeV  = 21.5  GeV 
Evaluate:  The  total  energy  it  154  times  the  real  energy. 

IDE-Vnrv  anil  SET  Up;  The  proper  length  of  a side  is  /0  = a.  The  aide  along  the  direction  of  motion  is  shortened 
lo  l=l^fl->1/ci . The  sides  in  the  two  directions  perpendicular  lo  the  motion  are  unaflicted  by  the  loiltoo  and 
Hill  hate  a length  a. 

Execute:  V =a,l=a'>Jl-vi/t* 

IDE-Vnrv  and  SET  Up:  There  must  be  a length  Contraction  such  that  the  kngth  a hecorwa  the  sune  aa  6; 

I,  = a.  I = ft  i,  is  the  distance  measured  by  an  observer  at  real  relative  to  the  spacecralt.  Use  Eq.(37.16)  and  solve 
foru. 

Execute:  L = vl-a’/c1  to  - = Vl-u'/c1; 
a = 1.406  gives  6/1.406=  Jl and  thus  l-u’/c’ = 1/(1.40)’ 


u = Nll  - l/fl.40)’c  =0.700c  = 2.10x  10*  m/s 

Evaluate:  A length  on  the  Spacecraft  in  tbe  direction  of  the  motion  is  shortened.  A length  perpendicular  to  the 

motion  is  unchanged. 

IDENTITY  and  SET  Up:  The  proper  time  A/,i*  the  lime  that  elapses  in  the  frame  of  the  spare  probe.  Ar  is  the 
time  that  elapses  in  tbe  frame  of  the  earth.  The  distance  traveled  is  422  light  yean,  aa  measured  in  the  earth  frame. 


Execute:  (a)  Light  travels  42.2  light  years  in  42.2  yT.  so  Ar  = | q ^|0f  j(422  yr)  = 42.6  yr . 

Ar,  = Afyl-a’/c’  = (42.6  yr)v'l  — (0.9910)’  = 5.7  yT.  She  measures  her  bKiIogical  age  to  he 
19  yr+5.7  yr  = 24.7  yT. 

(b)  Her  age  measured  by  someone  on  earth  is  19  yr  + 42.6  yt  = 61.6  yt. 


(a)  E=rmc‘  and  y=10  = 


Jl-(vc)1 


I/-1  v=  f99 


(b>  (pe)*-«VVV.£*»«V|  I;y»  + 1 


MW 


= 0.01  = 1%. 


iDENnry  and  SET  UP:  The  clock  on  the  plane  measures  Ibc  proper  b roc  A/0. 

A f = 4. CO  h = 4.00  h (3600  s/1  h)  = l .44 xlO4  s. 

Ar  = -,  Af(  i.  and  A/0  = 

EXECUTE:  - small  so  Nil -u'fc*  =(1- u2 tc*)ui  « 1 - (bus  Ar#=A/|  l-~ 

The  diffcretxe  in  \he  clock  reading  is  A/-A/0  = i^rA/  = i|  - — | <1-44 XlO4  s)  = 5.01x10'*  %.The 


clock  i Xk  the  plane  has  the  shorter  elapsed 
EVALUATE:  Aj  is  always  less  than  Af;  our  results  agree  with  this.  The  speed  of  the  plane  is  much  less  than  the 

speed  of  light,  sw  the  difference  in  the  reading  of  the  two  docks  is  very  small. 

Identify:  Since  the  speed  is  very  dose  to  the  speed  of  light  we  must  use  the  relativistic  formula  for  kinetic 
energy. 


37.55. 
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37.56. 


37.57. 


37.58. 


37.59. 


SET  Up:  The  relativistic  fanout*  for  kinetic  energy  \%  K=  me  J - - 1 


iiid  Ibc  relativistic  miM  is 


Execute:  (a)  K =7xlOu  eV  =1.12x10^  J . Using  this  value  in  the  relativistic  kinetic  energy  formula  and 
substituting  the  mass  of  the  proton  for  m.  we  gel  K - me 2 — 1 — - - 1 

l Jl-vV 


which  gives 


=7.*5xIO'aad  Solving  foe  vgivw 


1 _ V _ u -f  v)(i — v)  _ 2(<  v)  r + v ; 2r.  Substituting  v = (1  - A )c , we  have. 

c*  c c 

1 

V2  2(c  - v)  2[c-<l-A)c|  l-v2/c*  (7.45x10*  i1 

l--j-= = = 2A  . Solving  for  A gives  A = = — =9x10  . to  one 

significant  digit. 

(b>  Using  Ibc  relativistic  mass  formula  and  the  result  that 


= (7  x lO’Vn . lo  one  significant  dipt 


= 7.45x10’,  »e  have 


(b,/-  =£=7-20<l°,,,=l.SOxlO“W 


EVALUATE:  At  such  high  speeds.  Ibc  prut  on's  mass  is  over  7000  times  as  peat  as  its  rest  mass. 
iDEVTirv  and  SET  UP;  Ibc  energy  released  is  £ = (Amk1 . Am  = ; j<8.00  kg) . /•„=£.  The  change  in 

gravitational  potential  energy  is  mg  Ay . 

Execute:  (■>  £ = (AmV'  =;  ^ |(8.00  kgX3.00xl0*  m/s)'  =7.20x10"  J 

7.20x10"  1 
4.00x10*  s 

(OE  = A</=mgAy.  " = ^ ^ ■)  = ?‘”X l0>  »* 

iDEVnrY  and  SET  UP:  in  crown  glass  the  speed  of  light  is  v = — . Calculate  the  kinetic  energy  of  an  electron  that 

n 

has  this  speed. 

Execute:  v=  2.998xi(/  ms  =|  y^xltf  m/s. 

1A2 

K=mc,(r-n 

me'  =(9.109x10'"  kgX2.998xlO*  m/s)1  = 8. 1 87  x lO*4  J(1  eVZl. 602x10**  I)  = 0.5 111  MeV 

r=- — 1 = -, ! = 1.328 

s»l -»J/cJ  Jl- ((1972x10*  nVs)(2. 998x10*  m/s))' 

K =mc'(/-l)  = (0.5111  MeV)(  1 .328 — 1)  = 0. 1 6B  MeV 

Evaluate:  No  object  can  travel  faster  than  the  speed  of  light  m v«uum  but  there  is  nothing  that  prohibits  an 

object  from  traveling  faster  than  the  speed  of  light  in  some  material. 

(a)  v = — =-£  ' '.  = — . where  the  atom  and  the  photon  have  the  same  magnitude  of  momentum.  Etc. 

m m me 

(b)  • = — «!.  so  Ei.mc‘. 

iDEVnrv  and  SET  UP:  Let  She  the  lab  frame  and  s'  be  the  frame  of  the  proton  that  is  moving  in  th-  -hi  direction, 
so  u = +<72 . Ibc  reference  frames  ami  moving  particles  are  shown  in  Figure  37.59.  The  other  proton  moves  in 
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37.60. 


the  -x  direction  in  the  lab  frame,  so  v=-c/2.  A prolan  has  rest  miss  m,  = 1.67X10"37  kg  and  rest  energy 
m^c2  =938  MeV  . 

v-u  _ -c/2-c/2  _ 4c 

1 “ nv/ c*  l-(c/2X-r/2)/c^  5 

4 

5 

(b)  In  nonrelativUlic  mechanics  the  speeds  iu*l  add  and  the  speed  of  each  relative  to  the  other  is  c. 


Exectte:  (a)  / = 

The  speed  of  each  prulco  relative  to  the  other  is 


(c)  AT  = - 1 —.-me2 

Vi-TT? 

(i)  Relative  to  the  lab  frame  each  proton  has  speed  v = c/2  . The  total  kinetic  eoergy  of  each  proton  is 
938  MeV 


K = 


-(938  MeV)  = 145  MeV. 


(ii)  In  its  rest  frame  one  proton  has  zero  speed  and  zero  kinetic  energy  and  the  other  has  speed  jC . In  this  frame 

938  MeV 

the  klnclk:  energy  of  the  moving  reoton  is  K = , - (938  MeV ) = 625  MeV 


Hi 


(d)  (I)  Each  reoton  has  speed  v=el2  and  kinetic  energy 


K=-m¥>=\  -m  t(o 
2 1 2 


' 8 8 


(ii)  One  proton  has  speed  v = 0 and  the  other  has  speed  c.  The  kinetic  eoergy  of  the  moving  proton 
2 2 

Evaluate:  Hie  relativist*:  expression  foe  K give*  a larger  value  than  die  Doarelativisllc  expression.  The  kirxtic 
energy  o f (he  system  Is  different  in  different  frames. 


r - ~c{l 


Figure  37.59 


iDEVnrv  and  SET  UP:  Let  She  the  lab  frame  and  let  S'  the  frame  of  the  feolun  that  is  moving  m Ibe  +»  direction 
in  the  lab  frame,  as  slwwn  in  Figure  37.60.  In  S'  the  other  peuton  moves  in  the  -x  direction  with  speed  c/2 . so 
r = -c/2.  In  the  lab  frame  each  proton  has  speed  ac . where  a is  a constant  that  we  need  to  solve  for. 

Execute:  (a)  r=  with  v = -Oc  . n = -tflcand  / = -0.50c  gives  -ac  = — .and 

l + irv'/c-  * l + (flcM-0.50c)/c' 


-a  = ■ aJ-4a*l  = 0and  a = 0.268  or  U = 3.73 . Can't  have  v>c.  weedy  a = 0.268  is  physical]) 

allowed-  The  speed  measured  by  the  observer  in  the  lab  is  0.268c. 

<b>  (a)  v = 0.269c.  /=  1.0380.  A'  = (/-l)mc'  =35.6  MeV  . 


(ii)  v = 0.500c.  y=L1547.  K =(y-\)mt>  =145  MeV. 
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37.61.  xn  =ca/2=>(x-«rf»V  =c1y1(r-«/^)2 

=e(f-iu/c1)  =>x|  1 + - j=  1 x(ii+c)  = /(w  + c)  =>x  = r/  =»x*=eV. 

J7.62.  iDEVnrv  anil  SET  UP;  Let  S be  (he  lab  frame  and  !«  S’  be  the  frame  of  the  nudeu».  Lei  the  *x  direction  be  Ibe 
direction  the  nudeu*  u moving,  u = 0.7500c . 


KXEtXTE;  (a)  v=  40.9995c.  v = 


0.9995c  ♦ 0.7500c 


I4«v7c'  _ 1 4 (0.7500M0.9995) 


= 0.999929c 


(b)  .'  = -0.9995c.  ys-~<iW9?,'20~5l>:V  = -0.9965c 

1 4- (0.7500H -0.9995) 

(c)  e milled  in  same  direction: 


(0  * = ! I — 7"1  ** 

{ v/l-v’/c* 


= (0.511  MeV) 


Jl-  (0.999929)’ 


-1  , = 42.4  MeV 


(ii)  K'=  - — : -lime*  =(0311  MeV) 

(d)  emitted  in  opposite  direction: 


Jl  - (0.9995)*  : 


-i  i=i5.7  McV 


(«)  K = 


JT77? 


I imr!  = (0.51 1 MeV)! 1 -1 ! = 5.60  MeV 

1,  ^1  - (0.9965)  | 


(ii)  K'=  -1  mc‘  = (0311  MeV) 


-1  , = 15.7  MeV 


(0.9995)'  } 

37.63.  iDEVnrY  and  SET  UP:  Use  Eq.(37.30).  with  a = dv/dt . to  obtain  an  expression  for  d\  /ds.  Separate  the 
variables  v and  / and  integrate  to  obtain  an  expression  lor  »(f).  In  this  expression,  let  t -*  <». 

KXECTTE:  fl  = £L  = —(1  - v* /ca)W2.  (One -dimensional  motion  is  assumed,  and  all  the  F.  v.  and  a refer  to  x- 

at  m 


components.) 
dv 

(l-v!/c>)wl  \m 
Integrate  from  I = 0.  when  v = 0.  to  time  I.  when  the  velocity  ii  v. 


= ! L'A 


a-W1 


J0(1- 

Since  F is  constant. 


43*4  In  the  velocity  integral  make  the  change  of  vaiabk  y = v/c.  then  <ly  = dt  /c 
r * r"  4y  y * 


um 


n 


Vi -v2/c* 


37-14  Chapter  37 
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Solve  this 
V* 

l-i  2/c* 


»»ll+!  — fl=f— 1 


^ =i— ’f  K1  =|  — f fl  — VJ/CJ) 


n 


? - 


^ + (Ff/mc)1  ' v'm'c’  + FV 


At  f — ♦ «->.  — — » — — — — * L so  w — » c. 

v'mV  + FV  vVV 

EVA14.ATE:  Now  that  -—  B always  lets  than  1 . to  v < c always  and  v approaches  c only  when  f -*  «. 

VmV+rV 

Setting  j = 0 in  Eq.(37.21).  the  lin*  equation  becomes  x = -yat  and  the  last.  upco  muluplicatroo  by  c.  becomes 
cf"  = ycr  .Squaring  and  subtracting  gi»es  e2/2  - x1  =y*(cV  -»V) = cV.oc  x'=cjt*  - 1 * = 4.53x10*  m. 

(a)  IDENTIFY  aol  SET  UP:  Ute  the  Lorentz  coordinate  transformation  (Eq.37.21)  foe  (x./,)  aid  («,./,): 


1- 


s'l  -u‘n‘'  ' c'l  -u‘lc‘ 

I, -111,1c2  ,/,-Ktj/f1 

'"v'i-V  J"^T777 

Same  point  in  S'  implies  xj  = x[.  What  then  is  At'  = t‘i-t‘,7 
EXEITTE:  x[  = x,  ut^lies  x,  -uf,  = j,  ~utl 

u(r1-tl)  = x2-xl  and  u = iiZiL  = ^l 
fi-/t  At 

From  the  time  transfoematioa  equations. 

A/ =/,-/,=  ^ \ ' ) (At  - uAx/c2) 

Ax 


_ xi~ 


Uving  the  result  that  u = — gi 


Af  = 


At'  = 


Jl-{Axy2H(Al),c2) 
Aj 


(A/ -(At)1  H(At)c2)y 


r— -(At -(A.rrt(A/|c)l 

v\Al)2-(A,)‘/c2 


V = -!!Af ' _<^1  r . = IjAj)2 -(Ax/cj2 . as  was  to  be  shown. 
JfAl)1- (Ai)1 /c’ 


This  equation  iksesa’t  have  a physical  solution  (because  of  a negative  square  root)  if  (Ax/c)1  >(At)x  or  Ax  £ cAi. 

(b)  IDENTIFY  and  SET  Up:  Now  require  that  /J  = f[  (the  two  events  are  simultaneous  in  S' ) and  use  the  Lorentz 

coordinate  transformation  equations. 

KXECTTE:  f \ - 1\  implies  t , - uxx  tc 2 =/1-*u2  lcx 

Ax  i t c2A/ 

-r-  u and  « = 

7\J  At 

From  the  Lorentz  translonnalion  equations. 


ri_,i  - ‘‘  *■ 


> so  ai  = ; 


r f f 


Using  the  result  that  u=c1Ai/Ax  gives 


Ax  = 


\-c2(At)x/(Ax)3 
Ax 


(Ax-c*(At)2/Ax) 


Ax'  = - -(Ax-SiAif/Ax) 

yjiAxY-c^Aty 

Ax'  = = ^Ax)2-c2(A»2 

v'(Ai)J  -c^.Ai.*  ' 

(e)  iDE-vnr*  and  SET  Up:  The  result  from  part  (b)  is  At'  = J(Ax)‘-c2(At)‘ 
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Soh* lor  Af : (A*)1  = (Ax)2 -c2(At)2 

E».XT«: 

c 2.998x10'  m»s 

Evaluate:  Thu  provides  another  illustration  of  the  coocept  of  simultaneity  (Sectioa  37.2):  events  otaserved  to 

be  simultaneous  m one  frame  are  not  simultaneous  in  another  frame  that  is  moving  relative  to  the  lint. 

37.66.  (a)  80.0  m/s  is  noo-relalivistic.  and  A'  = imv1  = 186 1. 

<b)  </-l)a«-'  =131x10“  I. 

<c)  In  Eq.  (37.23).  c)  »'  = r20xltf  m/s.  n = -1.80x10*  m/s.and  so  v = 7.I4xl0’m/». 

<d,^l  = 13.6m. 

20.0  m 


(e) j = 9.09x  1CT  *. 

2.20x10*  m i 

If)  f = — = 6.18X104** or/  = 


13.6  m 


= 6.l8xl0*4 


y 220x10*  m s 

37.67.  IDENTIFY  and  SET  Up:  An  in nc^c  in  wavelength  com  spends  lo  a decrease  in  frequency  (/  = c/A\  so  Ibe 


-M 


atoms  arc  moving  away  from  the  earth.  Receding,  so  use  Eq/37.26):  / 

Execute:  Solve  for  m:  (///#)2(c+«)=c-m  and  u=c 

l + </'/o) 

f=cU.fc=c/A,  so 

-cl  =c(  =OJS7c=,o7xl0.  ^ 

1 + <4,  /4)‘  1 + (656.3/953.4)* 

Evaluate:  The  relative  speed  is  large.  36%  ol  c.  The  cosmological  in^ilicatsoo  of  such  observahoos  will  he 
discussed  in  Section  44.6. 

37.68.  The  baseball  had  better  he  moving  non-relativmicaliy.  so  the  Doppler  lAilt  formula  <Eq.<37.25))  becomes 

/ a /0(1  - (h/c)).  In  the  baseball's  frame,  this  is  the  frequency  with  which  the  radar  waves  strike  the  baseball,  and 
the  baseball  r eradiates  at /.  But  in  Ibe  coach's  frame,  the  reflected  waves  are  Doppler  shifted  again,  so  the  detected 
frequency  is  /(l  - (n/'c))  = f(  1 - (u  c))1 « /,( 1 - 2(u  c)).  so  Af  = 2/,(u  c)  and  the  fractional  frequency  shill  is 

— = 2 <u/c).  In  this  case. 

/o 

u = iic  = <2&6*1U  1 (3  00x10*  m)  = 42.9  m/s  = 154  km  h = 92.5  mi/h. 

37.69.  iDEVnrv  and  SET  UP:  5CO  light  years  = 4.73x10"  m . The  proper  distance  l0  to  the  star  is  500  light  yeas.  The 

energy  needed  rs  the  kinetic  energy  of  the  rocket  at  its  final  speed. 


Execute:  (a)  m=  0.5Ck.  ai  = — = 


= 3.2x10"  s = 1000  vt 


4.73x10"  m 
IT”  (0.50X3.00x10*  m/s) 

The  proper  tune  is  measured  by  the  astrooauts.  Ar  lAfv'l-u'/c*  =866  yr 


A'  = ,m‘.  -me1  =<1000  kg)( 3 .00x10*  m/s)‘l  ! _-l  1 = 1.4x10"  I 

lvl-<o.soo)*  J 

Thu  is  140%  of  the  US.  yearly  use  of  energy. 

(b)  u = 0.99c  . Ar  = — = ‘ ~ 'll~ — ^ = 1.6x10“  s = 505  >t.  Ar.  = 71  yr 

u <0.99X3.00x10*  nVs)  ’ c ’ 


K = (9.00xl0*'1  J).  ! -1 

( v'l-(0.99)‘ 

Thu  is  55  tunes  the  US.  yearly  use. 


= 5.5x10”  J 
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(f)  u = 0.9999.' . Ar  = — = 1113,111  = 1.58x10"  s = 501>r.  A/-  = 7.1yt 

x (0.9999H3.00X10'  nv's)  ' 0 ’ 

K =(900x10*  J>  ! -1  j = 6.3xI0JI  i 

1 yll- (09999) 1 j 

Thu  it  630  lima  the  U.S.  Nearly  use. 

The  energy  com  of  accelerating  a ticket  to  these  speeds  it  immensr. 

37.70.  (a)  At  in  the  hint,  both  the  tender  rod  the  receiver  measure  the  tame  distance.  However,  in  our  frame,  the  ship  hat 

moved  between  emission  of  successive  wave  fro  tUi.  and  we  can  use  the  time  T = Ilf  at  the  proper  time,  with  the 
result  that  f = if a>  /,. 

<b>  Toward:  / = = 345  MHz|  •"*  = 930  MHz 


f-f0  = 930  MHz  - 345  MHz  = 585  MHz. 

Away:  / =345  MHz;  " =128  MHz  and/-/,  =-217  MHz. 

(c)  vf,  = 1 .53/,  = 528  MHz.  / - /,  = 1 83  MHz.  The  shift  it  Mill  bigger  than  f . but  not  at  large  as  the  approaching 
frequency. 

37.71.  The  crux  of  this  problem  it  the  question  of  simultaneity.  To  be  ‘m  the  bam  at  one  lime"  for  the  runner  it  different 
than  foe  a stationary  observer  in  the  bam.  The  diagram  in  Figure  37.71a  shows  the  rod  lining  into  the  bam  at  time 
f = 0 . according  to  the  stationary  observer.  The  diagram  in  Figure  37.71b  it  in  the  runner's  frame  of  reference.  The 
front  of  the  rod  enters  the  bam  at  time  r,  and  leaves  the  back  of  the  bam  at  time  r2.  However,  the  bark  of  the  rod 
does  not  enter  the  front  of  the  bam  until  the  later  time  I,. 


fcocii  Acted  <tixccrf 
roJ  fcrgih  i tan) 

<•> 


Figure  37.71 


37.72.  In  Eq.(37.23).  u = V.V  = (c/n).  and  so  v = + V . R*  V Doo-rdalivbbc.  this  is 

1 + lL  l + (V/*c) 

nc 

v«((ai)+VXl— (V/nc))=(nr/n)+V'-(V/nJ)— (FJA«c)*— +j  1— ^ jv  . to  * =j  l--!j  ;.  For  water.  n= 1.333 


and  *=0.437. 
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37.73. 


37.74. 


37.75. 


J/_  1 v - II 

<tv  1 - BV'/C*  (l-BV.'c')4  1.7/ 

=4 — i—T+(v-u)mfl  1=4  i-,^l 

I.  l-irv  c‘  0-av/c‘y  J I,  (l-uvc*)' 

a— V«*> 

o-«v,V.«fr(i -»*/«*) i_ 

ydt-uydx  cJ  Jr  (l-trvc*)1  y(l-irv  c*) 

■ifl^/*ra-vW 

/ ,,-s 

(b>  Changing  frames  from  -*  5 just  involves  changing  = iVc* ),;i  J 1 + j • 

(a)  The  speed  v is  measured  relative  to  the  rocket,  and  so  for  the  rocket  and  its  occupant.  v'=0.  The  acceleration 
as  seen  m die  rocket  is  given  to  be  a = g.  and  so  the  acceleration  as  measured  on  the  earth  is 


«*  -t  ? 

(b>  With  v.  =0  when  1=0. 


. 1 du  f'j.-'f'  di 

g (1 -■*/*')*'  '*  Q-u‘f 

(c)  di'=rdi  = dilA-u‘ic>.  so  the  relation  in  part  (b)  between  dt  and  <ftc  expressed  in  terms  of  di  anil  du.  is 


=,d,= 


Integrating  as  above  (perhaps  using  the  substitution  z = m/c)  gives  ( = — aretanh  j 21  j.  For  those  who  wish  to 
avoid  inverse  hyperbolic  funebons.  the  above  integral  may  be  done  by  the  method  of  partial  fractions; 

. which  integrates  to  = —In  i-tii  I. 


a+n/rX l-«/c)  211  + b/c  l-«cj*  ~ ‘ 2 g \ c-v, 

(d>  Solving  the  expression  from  part  (c)  foe  v,in  tenia  of  (vjc)  - tanbfgf^r).  so  that 

- (vi/c)1  - l/cosh  (gfJ/cX using  the  appropriate  mdcnlibes  for  hyperbolic  funebons.  Using  this  in  the  expression 

found  in  part  (b).  /.  = — t4nb*yl»  ■ * j_  - LtaMg/jc),  which  may  be  rearranged  slightly  as  = sinh’  — I.  If 
g 1 c oA{gfl  c)  g c \ c ) 

b>perbolic  functicns  are  not  used,  v,  in  terms  of  t\  is  found  lobe  — = *— ^ r wh kh  is  the  same  as 

lanb(  gf'/c).  Inserting  this  expression  into  the  result  of  part  (b)  gives,  alter  much  algebra.  tx  - -e’l%  *), 

which  is  equivalent  to  the  expression  found  using  hyperbolic  functions. 

(e)  After  the  first  acceleration  period  (of  5 years  by  Stella* s clock),  the  elapsed  time  on  earth  is 

if  = C unti(slf/c)=  265x10*  s = 84.0yr. 

The  elapsed  lime  *111  he  tbe  tame  toe  ea:h  ol  the  loin  parts  ol  the  voyage,  so  when  Stella  has  relumed.  Teen  has 
aged  336  yr  and  the  year  is  2436.  (Keeping  more  precision  than  it  given  in  the  problem  gives  Febeuary  7 ol  that 
yen.) 

(a)  /,  = 4.5681 10X10“  Hz;  f,  =4.56S910xl0‘*  Ha:  f.  = 4.567710X101*  Hz 


, _ ,e + (“  + *)  , 


c-iu-v) 


^(c-(«+v»=/#‘(c+ (>+»)) 
!'<<■- (a -v))  = /'(c*(u-v)) 
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when:  u is  the  velocity  of  the  center  u!  mass  and  v is  (he  orbital  velocity. 

riC  + W-^-'c  and 

</.'/«>  +1  (/-//.>♦  I 

r>ii  + v = 5.25x10*  m/i  and  u-w  = -2.63x10*  m.1  . 

Thu gives  n = *1.31x10*  m/»  (moving  toward  at  13.1  kra/s)  and  v = 3.94x10*  nVs. 

(b>  v= 3.94x10*  m/t  r = 11.0  day*.  2xR  = vt~> 

R = gjgg 111  ^ ^>|36°^-  g = 5.96x10'  m . TO,!,  about 

2z 

0.040  limes  the  earth-sun  distance. 

Abo  the  gravitational  force  between  (hem  (a  distance  of  2 R)  must  equal  the  centripetal  force  from  the  center  of 


(Gm2)  _ mv* 

(2R)‘  ~ — 


*Rv‘  4(5.96x10*  n>K3.94xlO*  m *)! 


= 5.55x10“  kg  = 0.279  m_. 


G 6.672xl0~"  N m','V 
37.76.  For  any  function  / = /(«. r)  and  , = ,(,'. /'). t = H,'. let  Fix. {)  = /(«(*'.  A /))  and  use  the  standard 
(but  mathematically  improper)  Dotation  £(« . f")  = /(«'.  f‘).  The  chain  rule  is  then 

»(^.o_a/(,./)aF  aru'.oar- 

a«  a.i'  dr  a/'  a«* 

»(^.o_a/(,./)ay  »(».oar 

df  dr'  df  df'  df 

In  this  MilulMm.  the  explicit  dependence  of  the  funcliucu  on  the  sets  of  dependent  variables  It  suppressed,  and  the 
above  relays  « then  £=**♦£* 


At  d/  dr  dt‘  dr  dl 


dr  dr'  dr 


S-l.Theo.^£  = ^E.aoJ  = Fix  the  tune  derivative, 

of  di  ax 


d£  d£  d£ 

= -v — + To  lind  (he  second  time  denvalive.  \bc  chain  rule  must  be  applied  to  both  terras:  that  is. 


dx  df' 


d dE  __  d'£  d'£ 

Jf  dx'  dx'1  * dt'dx' ' 


a d£ 


d‘E  d*£ 


ar_v*5?+*71- 


Using  these  in  — r.  collecting  terms  and  equating  the  mixed  partial  derivatives  gives 


dr  ' 

d!£  .d‘£  , d‘£  d1 

= V — --2v 


d *'£ 


— - = v — — - 2v— — * — — . and  using  this  and  (be  above  expression  Iix  — — gives  the  result, 
dl  dr  ax  at  at  ax 

dr"  dx  df”  dr' 

(b)  P»r  the  Lorenlz  transformation.  — = y.  — = JV.  — = yv/c!  rod  = y. 

dr  dr  dx  df 

The  first  partials  are  then 

d£  d£  v d £ d£  d £ d£ 

dx  * dx  r3T  it  dx  * dT 

ind  the  sccood  partial*  are  (again  equating  the  mixed  partials) 

d*£  id  1£  + ^v2  V J^£. 


a7“;  a?r,  ; 7dF  ?5?§r 
^=vVS+v'S-2vVd' 


aF  * aF  ' aF  a*ar’ 

Substituting  into  the  wave  equation  and  combining  terms  (note  that  the  mixed  paitiais  cancel), 

d'£  1 d'£  .1.  r1  d'£  ,(V  1 id*E  d1£  1 dJ£  „ 

ST'*’'!  7-7^=57i-73F=0- 
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37.77.  <a)  In  the  center  of  momentum  frame,  the  two  prulons  approach  each  o<her  with  equal  velocities  (since  the  protons 

have  the  same  mm).  After  the  collision,  the  two  protons  are  at  rest- but  now  there  are  kaons  as  well.  In  this 
situation  the  kinetic  energy  of  the  protons  must  equal  the  total  rest  energy  of  the  two  kaons  o 2<ym  - bm^c2  = 

.526.  The  velocity  of  a proton  in  the  center  ol  momentum  frame  is  then 


= 0.7554c. 


To  get  the  velocity  of  this  proton  in  the  lab  frame,  we  must  use  the  Locentz  velocity  transformations.  This  is  the 
same  as  “hopping"  into  the  proton  that  will  be  our  target  aixl  as&ing  what  the  velocity  of  the  projectile  proton  is. 
Taking  the  lab  frame  to  be  the  unpnmed  frame  moving  to  tlx  left  w = and  v/  = (the  velocity  of  the  projectile 
proton  in  the  center  of  monxnlura  frame). 

v*  = * + “ = -5-  = 0.9619c  ->  = n , 1 v , = 3.658  ^ = (y*  - l)m^c2  = 2494  MeV. 

■V  '4  ,"4 

K 2494  MeV 


:l.) 


= 2.526. 


2m,  2(493.7  MeV) 

(t)  The  center  ol  momentum  case  considered  in  part  (a)  is  the  same  as  this  situation.  Thus,  the  kinetic  energy 
required  ir  just  twice  the  rest  mass  energy  ol  the  kaons.  A'_  = 2(493.7  MeV)  = 987.4  MeV.  This  offers  a 
substantial  advantage  over  the  fixes!  target  experiment  in  part  <b).  It  lakes  less  energy  to  create  two  kaons  in  the 
proton  center  of  momentum  frame . 
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38.1.  iDEVnrv  utal  SET  UP;  The  Hupping  potential  V»  is  related  to  the  frequency  ol  the  light  by  V,  = — / . The 

r e 

slope  of  V„  venus  fa  h/e.  The  value  /„  of /when  V;  = 0 is  related  to  **  by  p = h/,  . 

Execute:  (a)  From  the  graph.  /4  = lSSxlO1’  Hz . nserefore.  with  the  value  of  h Horn  part  (b). 

*=*/»  = 48  eV. 

<b>  From  the  graph,  the  slope  it  38X10""  V *.  A = (eX»bpc)  = 0-60x10""  CX3.8xl0‘"  V s)  = 6.1xl0"“  J s 
(e)  No  pholoelectruns  are  produced  foe  / <fa. 

(d)  H>r  a different  metal  f,  and  dare  different.  The  slope  is  h/e  so  would  be  the  same,  but  the  graph  would  be 
shifted  right  or  leil  so  it  has  a different  intercept  with  the  horizontal  axis. 

Evaluate:  As  the  frequency /of  the  light  is  increased  above /„  the  energy  of  the  photons  in  the  light  increases 
and  more  energetic  photons  are  produced-  The  work  function  we  calculated  is  similar  to  that  for  gold  or  nickel. 

38.2.  IDE-Vnrv  and  SET  UP;  c = f\  relates  frequency  and  wavelength  and  E = hf  relates  energy  and  frequency  for  a 

photon.  e = 3.00x10*  m/s  . I eV  = 1.60x10'"  1 . 
c 3.00x10*  m/> 


execute:  (a)/  = j = 


=5.94x10**  Hz 


(b)  E-hf  = (6.626x10'**  J • s)(5.94x  10“  Hz)  = 3.94x10""  I = 2.46  eV 

, , . . |2F  (2P.94X1CT"  J)  „ , 

(c)  K = ~mv‘  so  v = , — = . =9.1  mini's 


, c 3.00xl0*ms 

f =-- — = 5.77x10"  Hz 

5.2QX10''  ra 


h _ 6.63x10"**  J s 
5.20x10"  m 


= 1.28X10^  kg  m/s 


E = pc  = <1.28xl0’il  kg- m/a) (3.00x  10* m/a)  = 3.84x10""  1 = 2.40 eV. 

38.4.  iDEVnrv  and  SET  Up  Pm  | eV  = 160x10*"  J.  For  a photon.  E = hf  = y.  h = 6.63x10""  J-». 

Execute:  <■)  energy  = Pj  = (0600  W)(20.0xl0"*  s)  = 1.20xl0'J  I = 7.5x10"  eV 
,4,^  » sX3  00x,0*  ■*)  =3_0Sx|0^  J=|  9|  eV 


X 652x10  m 

(c)  The  number  o f photons  it  the  total  energy  in  a pulse  divvded  by  the  energy  of  one  photon; 

1.20X1C*  J _ u _ 

= 3.93x10*  photons. 


3.05x10  1/pboton 

Evaluate:  The  number  of  riiotons  in  each  pulse  is  very  large. 


38.5.  IDENTIFY  and  Set  Up:  Eq.(38.2)  relates  the  photon  energy  and  wavelength.  c = fX  relate*  speed,  frequency  and 
wavelength  for  an  electromagnetic  wave. 

Execute:  (■»  E = hf  so  f=j='2^'  £W*gxlg  ./I  eV)  a„2xl0,  ,b 


,,  , c 2.998x10*  mfs 

lb)  c = /X  so  X = — = ^ y2<10A.  ^ =5.06x10  m 

(c)  Evaluate:  A is  comparable  to  a nuclear  radius.  Note  that  in  doing  the  calculation  the  energy  in  Me  V was 

converted  to  (be  SI  unit  of  Joules. 
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38.6. 


38.7. 


38.8. 


38.9. 


38.10. 


IDEYTIFY  ami  SET  UP:  A^=  272  run.  c = fX  - =hf  -f.  At  the  thwahoid  frequency.  /4  . v*M  -♦  0. 

A = 4.136xl0“15  eV  i. 

“c™ 

(b)»»  = h/.  =(4.136x10*“  eVsXl. 10x10“  Hz)  =4.55  eV. 

(f)  imv^,  =hf-fi  = <4. 1 36x10*“  eV  s)(l  .45  x 10“  Hz)  - 4.55  eV  = 6.00  eV  - 4.55  eV  = 1 .45  eV 
Evaluate:  The  threshold  wavelength  depend*  on  the  wort  function  lot  the  surface. 

IDENTIFY  and  SET  Up:  Eq.(38.3):  =h/ -a  = ^-p  Take  the  wort  funclioo  9 from  Table  38. 1 . Solve 

lor  vM.  Note  that  we  wiote /as  c/A 

Execute:  ■*>  -(5.1  eVXl.602x.Q-  3/1  eV) 

2 “ 235x10- m 

intvi,  = 8.4S3  x 10*“  1-8. 170X 10*“  J = 2.83  x 10**  J 


= 2.49xl0’n,s 

“ Y9.109X10*’1  kg 

Evaluate:  The  work  lunclion  in  eV  was  e inverted  to  Joule*  fen  use  in  Eq.(38.3).  A phutim  with  X = 235  nm 
ha*  energy  greater  then  the  work  function  for  the  surface. 

iDEVnry  and  SET  IIP:  9 = hfa  = -j~-  The  nununutn  0 correspond*  to  the  minimum  X . 

. he  (4.136x10*“  eV  sXJ.OOxlO*  m/%)  „ 

Execute:  6 = — = = 1.77  eV 

X,  700x10-  m 

IDE-Vnrv  and  SET  Up:  c = fX.  The  source  emits  (0.05)(75  J)  = 3.75  J of  energy  as  visible  light  each  seccod. 

E = hf . with  * = 6.63x10*“  I-S. 


Execute:  (■>/  = ! = '‘■I?--  = 5.00x  10“  Hz 

' A 600x10- m 

<b)  E = hf  =(6.63x10*“  J -sX5.00xl0“  Hz)  = 3.32x10*"  I.  The  number  of  photon*  emitted  per  seccod  is 

Ull = 1.13X10“  photon*. 

3.32x10-'  J/photon 

(c)  No.  The  frequency  of  the  light  depend*  on  the  energy  of  each  photun.  The  number  of  photons  emitted  per 
secood  is  proportional  to  the  power  output  of  the  source. 

IDEVTIFY:  In  the  photoelectric  effect  the  energy  of  the  photen  is  used  to  eject  an  eiectruo  from  the  surface,  aixl 
any  ezees*  energy  goes  into  kinetic  energy  of  the  electron. 

SET  Up  The  energy  of  a photon  is  E = */.  arxl  the  week  furxtun  is  given  by  p=f/s  where/,  is  the  threshold  frequency. 
Execute:  (a)  From  the  graph,  we  see  that  K u,  = 0 when  X = 250  nm.  so  the  threshold  wavelength  is  250  nm. 
Calling /i  the  threshold  frequency,  we  have 

fa  = r/Ac  = (3.00  x 10*  mf*V(250  nm)  = 1 2 x 10“  Hz. 

<b)  <*=*/„  = (4. 1 36  X 10*”  eV  • s XI  -2  X 10“  Hz)  = 4.96  eV  = 5.0  eV 

(c)  The  gngih  (see  Figure  38. 10)  is  lirxar  lor  A<  At{\!A>  1/AJ.  *xl  linear  graphs  are  easier  to  interpret  duo  curves. 
Evaluate:  If  the  wavelength  of  the  light  i*  longer  than  the  threshold  wavelength  (that  is.  if  MA  < MXt),  the 
kinetic  energy  of  the  electrons  is  really  not  defined  since  no  photoelectrons  are  ejected  from  the  metaL 
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38.11. 


38.12. 


38.13. 


38.14. 


38.15. 


IDEYTIFY:  Protons  have  mass  a&J  photons  are  massless. 

(a)  srr  UP:  Fox  a particle  with  mas*.  K - p1/2m . 

EXECUTE:  p1  = 2 ft  means  K2=4Kt. 

(b)  SET  Up:  fix  a photon.  £ = pc. 

EXECUTE:  px  = 2ft  means  £j=2£j. 

Evaluate:  Tbe  relation  between  £ and  p is  different  foe  particles  with  mass  and  particles  without  mass. 
IDENTIFY  and  Set  UP:  eVc  = . where  V0i*  the  stopping  potential.  Tbe  stopping  potential  in  volts  equals 

eV,  in  electron  volts.  = hf  - p . 

Execute:  (a)  cV.  = iim**  so 


; = v - * = (*-»36xlO-»cVsK3.QOxltf^  _ 2 3 eV  = 4«*  eV  _ Z3  eV  = 2.7  eV . The  topping  po*u„al 

250x10  m 


•V 


is  2.7  electron  volts, 
(b)  Imvi.  = 2.7  eV 


(a)  Identify:  first  use  Eq.(38.4)  to  find  the  work  function  p. 

SETUP;  cV0  = V~*  «o  * = hf -eV0=^L-eVa 

. (6.626x10"**  J-sM2.998xlO*  m/s)  „ 

Execute:  p = — -(1.602x10^  CK0.181  V) 

d = 7821x10'“  J-2.900XI0"*  J = 7-531x10'**  J(1  eV/ 1.602x10""  J)  = 4.70 eV 

IDENTIFY  and  SET  Up  The  threshold  frequency  /A  is  the  smallest  frequency  that  still  produces  pbotoelectrons. 
It  corresponds  to  = 0 in  Eq.(38.3).  so  hf 4 = p. 

Execute;  / = j«>*^ 

be  = (6.626X.0-  > ,),2998XKV  ^s)  ^ m = 264  „ 

^ <*  7.531.10-') 

(b)  Evaluate:  As  calculated  in  part  (a).  P = 4.70  eV.  This  is  the  value  given  in  Table  38. 1 for  copper. 
IDENTIFY  and  SET  Up  a photon  has  zero  rest  mass,  so  its  energy  and  momentum  are  related  by  Eq.(37.40). 
Eq.(38  J)  then  relates  Us  momentum  and  wavelength. 

Execute:  (a)  £ = pc  = (8.24x10-*  kg  01/5X2.998x10*  m/s)  = 2.47 xlO-”  J = 

(2.47x10-**  JX1  c V/l .602 x 101*  I)  = 1.54  eV 

,b,  ,■*,].*.  ***<*"  =8.04x10"*  m=804nm 

X p 8.24xl0  J kg  ns's 

Evaluate:  This  wavelength  is  looker  than  visible  wavelengths:  it  is  in  the  infrared  region  of  the 
electromagnetic  spectrum.  To  check  our  remit  we  could  verify  that  the  same  E is  given  by  Eq.(38.2).  using  the  X 
we  have  calculated. 

IDEVnrr  and  SET  UP:  Balmer's  formula  is  -L  = /f|  JT~~T  |-  F0"**  spectral  line  n=5.  Once  we  have  X, 
calculate  f from  f = c/X  and  E from  Eq.(38.2). 

Thus  ^ = — = !22 m = 4.34  lxicr7  m = 434.1  nm. 

21 R 21fl  .097x10') 
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38.16. 


38.17. 


38.18. 


38.19. 


(c)  £ = V =(6-626x10^  J *X6.906xl0M  Hx)  = 4376 X 10*1*  I = 2.856 cV 

EVALUATE:  Secboo  38.3  show*  that  the  longest  wavelength  in  the  Balroex  series  (Htf ) is  656  am  and  the 
shortest  is  365  nil  Our  result  for  Hr  falls  within  this  range.  Tire  pholco  energies  lor  hydrogen  atom  transitions  are 
in  the  cV  range,  and  our  result  is  of  this  order. 

Identify  and  SET  Up:  For  the  Lyman  series  the  final  slate  i n = l and  the  wavelengths  are  given  by 


— = /?|  jt“-t  r w = For  ***  Mritt  the  final  state  is  n = 3 and  the  wavelengths  are  given  by 

i = ^T~~T  |*  n =4’5. £ = 1.097xl0?  m"*.  The  longest  wavelength  is  for  the  smallest « and  the  shortest 

wavelength  is  for  #i  . 


1 13  R 

F"F;  4 

i 


EXECTTE:  Lyman  Longest;  — = R\  - 1 = — . A = .-  = 121-5  nm . 


Shortest 


30.097x10’ m'1) 

= 91.16  nm 

Paschen  Longest:  — = /?!  -1---^  ! = — . A l^L, = 1875  nm  . 

6 A IF  7)  144  7(1.097x10  m-) 


A *'  7 7?)  *’  1 1.097X107 


***** 


So  (be  internal  energy  of  the  Horn  increase*  by  1 .44  eV  to  £ = -6.52  e V + 1 .44  eV  = -5.08  e V. 

> = ^_,6.6a<»(T-l-4,(300xltf^)B474x|(r,  y 

r i 420x10  - m 

So  the  final  internal  energy  of  the  atom  decrease*  to  £ = -2.68  eV  - 2.96  e V = -5 .64  eV. 

iDEVrirv  and  SKI  Up:  Hie  ionuation  threshold  is  at  £ =0 . The  energy  of  an  absorbed  photon  equal*  the 

energy  gained  by  the  atom  and  the  energy  of  an  emitted  photon  equals  the  energy  lint  by  tlx  atom. 

KXEtVIE:  (a)  A£-0- (-20  eV)  = 20 eV 

(b)  When  the  atom  in  the  n = 1 level  absorb*  a 18  eV  photon,  the  final  level  of  the  atom  is  n = 4 . The  possible 
transitions  from  n = 4 and  corresponding  photon  energies  are  n = 4-*n  = 3.  3 eV  ; n = 4-m  = 2.  8eV; 

n = 4 -»  n = L 18  eV.  Once  the  atom  has  gone  to  the  n = 3 level,  the  following  transition*  can  occur: 
n = 3 -* n = 2 5 eV  ; n = 3-»it  =1.  15  eV . Once  the  atom  has  gone  to  the  n = 2 level  the  following  tramitiem 
can  occur:  it  = 2 -» it  = 1.  10  eV.  The  possible  energies  of  emitted  photons  are:  3 eV.  5 eV.  8 eV.  10  eV.  15  eV, 
and  18  eV. 

(c)  There  Is  no  energy  level  8 eV  higter  in  energy  than  the  grourxl  stale,  so  the  photon  cannot  be  absorbed. 

(d)  The  photon  energies  foe  n = 3-*  n = 2 and  foe  n = 3 -*n  = lare  5 eV  and  IS  eV.  The  pteton 
energy  lor  n = 4 -» it  = 3 is  3 eV.  The  work  function  must  have  a value  between  3 eV  and  5 eV. 

iDEVnrv  and  SKI  Up:  Use  w avelength  of  the  photon  is  related  to  the  transition  energy  E>  - E,  of  the  atom  by 

E,-E,=lj  where  he  = 1240x10'*  eV  m . 

Execute:  (a)  The  minimum  energy  to  ionize  an  atom  is  when  the  upper  state  in  the  transition  has  £ = 0 . so 
£,  =-17.50  eV.  For  n = 5 -*  n = 1 . 2=  73.86  nm  and  E,-fi  = 1 = 1679  eV  • 

£,  = -1750  eV  .16.79  eV  = -0.71  eV  . For  n = 4 -*  n = 1 . 2 = 75.63  nm  arxl  £.=-1.10  eV  . For 
it  = 3 -*n  =1 . 2 = 79.76  nm  and  £,=-1.95  eV.  Foe  n = 2-*n  = l.  2 = 94.54  nm  and  £,  =-4.38eV  . 


1240x10*  eV-m 


= 378  am 


(b)  fc^-£;=£.-£1=-1.10eV-<-4.38eV)  = 3.28eVand2  = _i 

EVALUATE:  The  n = 4-»n  = 2 transition  etxrgy  is  smaller  than  the  n = 4-»n  = l transition  energy  so  the 
wavelength  is  longer.  In  fact,  this  wavelength  a longer  than  for  any  transition  that  ends  in  the  it  = 1 stale. 


. Electrons.  aid  Atonu  38-5 


38.20. 


38.21. 


38.22. 

38.23. 


38.24. 


38.25. 


(a)  Equating  initial  kinetic  energy  anil  final  potential  energy  and  solving  for  the  separation  radius  r. 

r_  1 (92c)(2c)_  1 (184)(1.60xlQ-“Q_<c<w>||.>._ 

*X<,  K ilfh,  (4.78x10*  J/C) 

(b)  The  above  result  may  he  substituted  Into  Coulomb'*  law.  tx.  the  iclaboo  between  tbe  imgmtude  of  tbe  force 
anil  (he  magnitude  ol  Ibe  potential  energy  In  a Coukimbtc  liekl  is 

F _ * . (*-78xl0*  eV)  ( 1 -6x  10*  J ev ) _ p . ^ 

~ r <5-54xl0‘" m) 


(a)  IDENTIFY:  11  (be  particles  are  Healed  as  paint  charges.  V = 


4*,. 


SET  Up:  q,  = 2r  (alpha  particle);  q,=  82e  (gold  nucleus);  r is  given  so  we  can  solve  toe  V. 

Execute:  f/  =(8.987x10*  =5.82xl(r"  I 

U = 5.82x10"°  3(1  eV/l  .602x10"°  J)  = 3.63x10*  cV  = 3.63MeV 
(b)  IDEYTIFY:  Apply  conservation  of  energy:  Kt  + Ut  = K1  +£/r 

SET  Up:  Let  point  1 be  the  initial  position  of  lb:  alpha  particle  and  point  2 be  where  the  alpha  particle 
momentarily  comes  to  rest.  Alpha  particle  is  initially  far  from  tbe  lead  nucleus  inches  rt  « ~ and  Ut  =0.  Alpha 
particle  stops  implies  K}  =0. 

Execute:  Conservation  of  energy  thus  says  K{=U2  = 5.82  x 10"**  J = 3.63  MeV. 

Evalu  ate:  v/c  = 0.014.  so  it  is  ok  to  use  the  noorclativistic  expression  to  relate  K and  v.  When  the  alpha 

particle  slops,  all  its  initial  kinetic  energy  has  been  converted  to  electrostatic  potential  energy. 

(a),  (b)  Foe  either  atom,  the  magnitude  of  the  angular  momentum  is  — = 1.05x10"**  kg  m2/s. 

Identify  and  SET  Up:  Use  the  energy  lo  calculate  n for  this  stale.  Then  use  tbe  Bcfcr  equation.  Eq.(38.10).  to 
calculate  L 

Execute:  Em  - -(13.6  eVyn1.  JO  this  stale  has  n = ^13.6/1.51  =3.  In  the  Bohr  model.  L = ftf  so  lor  this  stale 
L = 3A  -3.16x10“**  kg  * mVt. 

Evaluate:  We  will  lind  in  Section  41.1  that  the  nuxlem  quantum  mechanical  descriplioo  gives  a diff» 
result 

Identify  and  SET  Up  For  a hydrogen  atom  £ =- 


13.6  cV 


-j — . AL  = — - . where  At  is  the  magnitude  of  the 
#i  A 

energy  change  foe  (he  Mum  and  A is  (be  wavelength  of  (he  photem  (hal  is  abwrbed  oe  emitted. 

Execute:  A£  = £,-£,  = -<13.6  eV)|  Jj-Jj.  ; =+12.75eV. 

^^=(4.136xl0-'’eV0(3.00xl(yi,'',=973[un  /=c=yQM&,m 
A£  12.75  cV  A 

IDEYFIFY:  The  force  between  the  electron  and  tbe  nucleus  m Be*4  i F = * ^ . where  Z = 4 is  the  nuclear 

4*‘o^ 

charge.  All  tbe  equations  fee  tbe  hydrogen  atom  apply  lo  Be**  if  we  replace  e1  by  Zt2. 

(a)  SET  Up:  Modify  Eq.(38. 1 8). 


Execute:  £ =- 


'Mr 


(hydrogen)  becomes 


13.60  cV 


= -218cV. 


wi  A*  l 8nV 

The  ground-level  energy  of  Be*4  is  = 16| 

EVALUATE:  The  ground-level  energy  of  Be*4  is  Z1  = 16  times  the  ground-level  energy  of  H. 

(b)  SET  Up:  Tbe  ionLtation  energy  is  tbe  energv  difference  between  tbe  n -*  <o  level  eoergy  and  the  n = 1 level 


38-6  Cla| Her  38 


38.26. 


38.27. 


38.28. 


EXECUTE:  The  level  energy  U zero.  so  the  ionization  energy  of  Be*  is  2 1 8 cV. 

Evaluate:  This  is  16  times  the  ionization  energy  of  hydrogen. 

(c)  SET  Up:  \ = R jt»l  as  for  hydrogen  but  now  R his  a different  value. 

X ' «2  J 

4 


Execute:  = 


= 1.097x10' m"'  for  hydrogen  becomes 


Rfc=Z'^-p-  = 16<l .097x10’  1.755x10*  m“'  for  Be1*. 


Fox  n = 2 to  a = L — = Ru  - =}R/4 


A- 4/OR)  = 4/13)1.755x10*  m"1 ))  = 7.60x  10"*  m = 7.60 nm. 

EVALUATE:  This  wavelength  is  smaller  by  a fixtoe  of  16  compared  lo  (he  wavelength  for  Ibe  conespoodmg 

(d)  SET  UP;  Modify  Eq.(38. 12):  '.=•*— j (hydrogen). 
n‘h‘  m 

tUM-vra:  ,.  = ,0__T_  (Be  ). 

*mZ*  ) 

EVALUATE:  For  a given  n the  orbil  radius  for  Be1*  is  smaller  by  a factor  of  Z = 4 compared  to  (be 
corresponding  radius  for  hydrogen. 

(a)  We  can  find  (he  photon's  energy  from  Eq.  38.8 

E = hcR\  *2-  \ | = <6.63xl0j‘l-»)(3.00xl0,m1',l)(1.097xl0,m‘l)j  ;=4.58xl0"*  J.The 

conesponding  wavelength  is  >.  = — = 434  nm 

he 

(b)  In  the  Bohr  model,  the  angular  momentum  of  an  electron  with  principal  quantum  number  n a given  by 

Eq.  38.10:  L = n— . Thus,  when  an  electron  makes  a transition  from  n = 5 to  n = 2 orbital,  there  is  the  following 


2/T 


lw>  ID 


(which  we  would  assume  is  trumferred  to  the  photon): 
h 3(6.63x10“*  Js) 


AL  = <2-5,  =- 


=-3.17x10  la. 


2.T 


However,  this  prediction  of  the  Bohr  model  is  wrong  (as  shown  in  Chapter  41). 

(■)  v,:l— »:lnn=  =2.18x10*  mh 

e,  2nh  ‘ .,2  (6.63x10-"  71) 


(1>)  Orbital  penod  = 


h = 2 =»Vj  = y = 1.09x10*  m/s.  h = 3=>v,  = ^ = 7.27x10*  m/s 

....  _2«-..V*'  ™'-4qW 


l;Ve\2«J.  me* 

, T 4^(6.63X10"”  I s)1  , ,, 

n =1  ->7j  = — - = 1.53x10  > 

1 (9.11xl0-‘  kg)  (1.60x10-"  C|* 

n =2:  7"J=r,<2),  = 122xl0-us.  n = 3:  T,  = 7|(3)’  =4.13xl(T1’  s. 

1.0xl0"*s 


(c)  number  of  orbits  = .7  = 8.2xl(r. 

122x10“  a 


Ideytify  and  Set  Up:  £.  = - 


13.6  cV 


13.6  cV 


13.6  cV 


tXEtV,E: 


1 _ 1 

oJTIF  ^ 


l£  = £^,-£.=(-13.6  cV) 

Af  = (13.6eV)  ;2n*1  , As  n becomes  large.  AE  -*(13.6  eV)~  = (13.6  eV)-^ 
(u  X«  + l)  n n 


Zr 


. Electrons.  aid  Atoms  38-7 


38.29. 


38.30. 


38.31. 


38.32. 


38.33. 


Thus  A£  becomes  small  as  n becomes  large. 

(b)  r = rt2fj  so  the  oebits  gel  farther  apart  in  sprte  as  n increases. 

iDEVnry  anil  SET  Up:  The  number  of  pbjlcms  emitted  each  second  is  the  total  energy  emitted  divided  by  the 
energy  of  one  photon.  The  energy  of  one  photon  is  given  by  Eq.(38.2X  E = Pt  gives  the  energy  emitted  by  the 
laser  in  lime  /. 

Execute : In  1.00  s ihe  energy  emitted  by  ihe  laser  is  (7.50x10“*  WK1.00  s)  = 7.50xl0“*  J. 

_ , v , „ he  (6.626X10-14  JsX2.998xl0*  mfc)  m o,4  t ~ _ 

The  energy  of  each  photon  is  £ = -— = 3 = 1 .874x10  J. 

X 10.6x10  m 

Therefore  7 ^i'1  'J!l = 4.00x10"  photon* 

1. 874x10"*  J/photun 

Evaluate:  The  number  of  photons  emitted  per  secood  is  extremely  large. 

Identify  and  SET  Up:  Visible  light  has  wav  elengths  from  about  400  run  to  about  700  run.  The  ecxrgy  of  each 

he  1.99x10 


photon  is  E = hf  =— .= 


The  power  is  the  total  energy  per  secood  and  the  total  energy  £«  is  the 


number  of  pholcos  N tinxs  the  energy  E of  each  photon. 

EXECUTE:  (a)  193  run  is  shorter  than  visible  light  so  is  in  the  ultraviolet. 

(b)  £ = ^-  = 1.03xl0“11  J =6.44  eV 

1«)  P=Es.  = V*  so  *=*  = 0.50«10-,WX120X10-S)  = | 7sx|0' 

I I £ 1.03X10-"  I 

EVALUATE:  A very  mall  amount  ol  energy  is  delivered  lo  Ihe  lens  In  earh  pulse.  but  Ibis  still  corresponds  la 
large  number  of  photuos. 

IDE-Vnrv:  Apply  Bq.<38.21): — = e''*-'*,y,r 

">f 

SET  UP:  From  Rg.38.24a  in  ihe  textbook.  £,,  = 20.66  eV  and  £,,  = 18.70  eV 
Execute:  £,.-£„  = 20.66  eV  -18.70  eV  = 1.96  eV(  1.602x10*"  J/l  eV)  = 3. 140x10*"  J 

(a)  n'‘  - r*" Wfcl>r*  "*lr"  ‘x,>'  w = i 2x  10*” 

% 

"if 


(t,  - ,-UUM"  MUMOf*  mUXtl]  _ _ 5 9X1Q-" 

"if 

(d)  Evaluate:  At  each  of  these  temperatures  the  number  o!  atoms  in  the  Si  excited  stale.  the  initial  state  lor  the 
transition  that  emits  632.8  mn  radiation,  is  quite  small.  The  ratio  increases  as  the  temperature  increases. 

"i*. 

"if,. 

„ , ..  ...  he  (6.626x10*”  J)(3.000xl0* m s)  , 

horn  the  diagram  A E, ...  = — = = 3.375  XlCT  J. 

^ 5.890  xlO-'m 

he  (6.626x10^*  J>(3.000xl0,m  s) 


5.896x10”  m 


= 3.371x10“”  J.  so  A£,.a.f2  =3.375x10*^  J -3.371x10”*  J = 


4.00x10*“  J.  = =0.944.  So  mure  alums  are  in  the  2**  stale. 

"lAai 

= JL;(6.6».|0-l 

eV*,  (1.60x10“*  CK4000  V) 

This  is  the  same  answer  as  would  be  obtained  if  electrons  of  this  energy  were  used.  Electron  teams  are  much  more 
easily  produced  and  accelerated  lhan  proton  beams. 


38-8  Chapter  38 


38.il. 


38.35. 


38.36. 


38.37. 


38.38. 


he 

iDEvnrv  and  Set  IIP:  — = eV . where  a u the  wavelength  ol  the  x ray  and  V is  the  accelerating  voltage. 

EXECUTE:  (.,  y * -sIQ.COxltf  m/s)  ^ fcy 

e>t  (1 .60x10“"  0(0.150x10  m) 

, he  (6.63x10**  I SK3.00X101  mb)  .. 

<1>)  A = — = rj— , = 4.14x10^“  m =0.0414  nin 

eV  (1.60x10**  0(30.0x10*  V) 

(c)  No.  A procuo  has  t be  same  magnitude  of  charge  a*  20  electron  and  therefore  gains  the  same  amount  of  kinetic 
energy  when  accelerated  by  the  same  magnitude  ol  potential  difference. 

lDE>mFY:  The  initial  electrical  potential  energy  of  the  axeleraled  electrcnt  is  converted  to  kinetic  eoergy  which 
is  then  given  to  a photon. 

SET  Ur:  The  electrical  potential  energy  of  an  electron  is  cVac.  where  Vac  is  the  accelerating  potential,  and  the 
energy  of  a photon  is  hf.  Sirce  the  energy  of  the  electron  is  all  given  to  a photon,  we  ha ve  cVac  = hf.  For  any  wave. 

fl-v. 

EXECUTE:  (a)  pVac  = hf*.  gives 

/,»  = rVu/h  = ( 1 .60  x Kr“ CX 25.000  VX6.626 X KT1*  Ji)  = 6.037  x 10"  Hz 
= 6.04  x 10"  Hz.  rounded  to  three  digits 

<b>  x„  - : = (3.00  x 10'  n^.y(6037  x 10"  Hz)  = 4.97  x 10*"  ra  = 0.0497  nm 

<c)  We  assume  that  all  the  energy  ol  the  electron  produces  only  one  photon  on  impact  with  Uw  screen. 

Evaluate:  These  photons  are  in  the  x-ray  and  fray  port  ol  the  electromagnetic  spectrum  (see  Figure  32.4  m the 
textbook)  and  would  be  harmlul  to  the  eyes  without  protective  glass  on  the  screen  to  absorb  them. 

iDE-vnrv  and  SET  Up:  Use  wavelength  ol  the  x rays  produced  by  the  tube  is  give  by  !lf.  = rV  . 


A =A  + — (1-cmA.  — = 2.426x10  m . TTse  energy  ol  the  scattered  x ray  is  — . 

mr  me  A 

, he  (663xl0*“  J-*X3O0xltf  m/S)  .. 

Execute:  (a)  A = — = — , = 6.91x10  m = 0.0691  nm 

eV  (1.60x10"'  0(18.0X10’  V) 

(b)  A' =^+—(l-C04#)  = 6.91x10"  m»(2.426xl(T'1  m)(l-cos45.0  ) . 

me 

^ = 698x10-“  m = 0.G598  nm . 

,0  £ = £=<4'1 36<|0'l,|V  ^00)'IC|,-n'„=l7.8keV 
x’  6.98x10"  m 

Evaluate:  Hie  incident  x ray  has  energy  18.0  IteV.  In  ihe  scattering  event,  the  photon  loses  energy  and  its 
wavelength  increases. 

IDEvnrv:  Apply  Eq.<38.23):  X-A  = — (1 -cos#)  = ,^(1 -cos#) 

me 

SET  UP:  Solve  lor  A’ : A'  = A + ^(1  - CM#) 

The  largest  A'  corresponds  to  # = 180".  so  cos#  = -l. 

Execute:  /l' = ^♦2^=0.0665x10"'  m + 212.426xl0"''  m)  = 7. 135x10*"  m = 0.0714  nm  This  wavelength 
occurs  at  a scattering  angle  ol  # = 1 80". 

Evaluate:  The  incident  pbctoa  transfers  some  ol  its  energy  and  momentum  to  the  electron  Iroci  which  it 
scatters.  Since  (he  photon  loses  energy  its  wavelength  increases.  A' > A. 

(a)  From  Eq.  (3823).  cos#  = 1 - - — - . and  so  A-  = 0.0542  nm  -0.05IX)  nm. 

(hmc) 

COs#=l--i2??ntn  .=-0.731. and#  = 137*. 

0.002426  nm 

(b)  Ac  =0.0521  nm- 0.0500 nm.  cos#  = l-  l">"lnm  =0.134.  # = 82.3". 

0.002426  am 

(c)  A>.  =0.  the  pfciXuo  is  undetected.  000^  = 1 and  d = 0. 

IDEYTIFY  and  SET  UP:  The  shift  in  wavelength  of  the  photon  is  A*  -A-  — (1  -cos*)  when:  X is  the 


wavelength  after  the  scattering  and  — = A,=  2.426x10"**  m . The  energy  ol  a photon  of  wavelength  A i% 


38.39. 


Atoms  38-9 


E = ^~=  l-4*10  m . Comervaboa  of  energy  applies  to  the  colli  sit®,  so  the  energy  leal  by  the  photon 

A A 

C<l uals  the  energy  gained  by  the  election. 

Execute:  (a)  i^-i=i,(l-ccntf)=(2.426xl(r"  mXl- coa35.fr)  = 4.39xl<r°  m = 439xlfr4  nm 

(b)  X'  = X *4.39x10'*  nm  = 0.04250 nm. 4.39x10'*  nm  = 0.04294nm 

(c)  E,  =^1  = 2.918x10*  eV  and  Er  = ^=  2.888x10*  eV  so  the  pho«oo  loses  300  eV  of  energy. 

A A 

Id)  Energy  conservation  lays  the  election  gams  300  eV  ol  energy. 

Tlie  change  in  wavelength  of  the  scattered  photon  is  given  by  Eu.  38.23 


-cosdl 


Thus.  k = 16.63.10  ~ I t) (1  + 1)  = 2.65 x 10*“  m. 

(1.67»10~r  kg)(3.00xlO  m'sXO.100) 

The  derivation  of  Eq.(38.23)  is  explicitly  shown  in  Equations  (38.24)  through  (3827)  with  the  final  substitution  or 
p = hfk'  and  p =hfk  yielding  >/-X  = — (1  - cosp). 


From  Eq.  (38.30),  (a)  ).m  = — — = 0.966  mm.  and  / = — = 3. 10X  10"  lit.  Note  that  a more  precise 

value  of  the  Wien  displacement  law  COOS  tact  has  been  used. 

(b)  A factor  of  100  increase  in  the  tenyeralure  lowers  by  a !«toc  of  100  to  9.66  pm  and  raises  the  frequency 
by  the  same  factor,  to  3.10x10^  Hz. 

(c)  Similarly.  ).m  = 966 nm  and  / =3.10x10*  Hz. 

(a)  H =AccT*.  A = Xr2l 

i H \w  ( IfflW  T 


I Am)  ' 2rt(0.20xl0  mM0.30m)(0.26X5.671XlCr  W 
r = 2.06xl0’K 

(b>  ).mT  = 2.90x10°  m-K;  i._  = 1410nm 
Much  ol  the  emitted  radiation  is  in  Ibe  infrared. 
r=2.90xl0-mK  = 2.90.1Q-mK=7  25x|(>,K 
/m  400x10*^  m 

IDENTIFY  and  SET  UP:  The  wavelength  where  the  Planck  distribution  peaks  is  given  by  Eq.(38.30). 

Execute:  A = ■2’9?xl0>  m K = l .06x  UT*  m = 1 .06  mm. 

" 2.728  K 

Evaluate:  This  wavelength  is  in  the  microwave  portion  o f the  electromagnetic  spectrum  This  radiation  is  often 
referred  to  as  the  “microwave  background”  (Section  44.7).  Note  that  in  Eq.(38.30).  T must  be  in  kelvins. 
iDEVnrV:  Since  the  stars  radiate  as  blackbodies.  they  obey  the  Stefan-Bolumsnn  law  and  Wien's  displacement 
law. 

SET  Up:  The  Stefan-Bolumann  law  says  that  the  Intensity  of  the  radiation  is  /=  dT*.  so  the  total  radiated  power 
is  P - a\T *.  Wien's  displacement  law  tells  us  that  the  peak-intensity  wavelength  is  X*  = (constant IT. 

Execute:  (a)  The  hot  and  cool  stars  radiate  the  same  total  power,  so  the  Stefan-Bolumann  law  gives  (StaTa*  = 
aXj'  - 4iRttTt=*’H<‘T‘  = *<tiR^1Ti,^Ti=9r‘  —T,=T-Jl  = 1.77.  rounded  to  two  significant  digits, 
(b)  Using  Wien's  law.  we  take  the  ratio  of  the  wavelengths,  givmg 

^“lhUl*  = — = = -L  = 0.58.  rounded  U>  two  signtfxant  digits. 

x»(cool)  7,  7V’3  ^ 

EVALUATE:  Although  Ibe  hot  star  has  only  1/9  the  suttee  area  of  the  cool  star,  its  absolute  temperature  has  to  be 
only  1.7  times  as  great  to  radiate  the  same  amount  of  energy. 

(a)  Let  a = hclkT.  To  find  the  maximum  in  the  Planck  distribution: 

di  d 2 irhc‘  ^ (2 *hc‘)  2 rbc’C-a/A2} 

3T~  V*-» J_0=  x V*-i)  - V -l)1 

= -5<e-  -1  ».  = a -Se"'  +5  = ay?.  =>  Solve5-x  = 5f‘  where  » = “ = 

X /JT 
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38.48. 


38.49. 


38.50. 


38.51. 


root  is  4.965,  so  - = 4.965  X = 


(b>  i .T  = 


il 


• (4.965)*r 

_ <6.63x10'“ 1 sM3  00xl0*  m.'s) 
(4965X1.38x10""  IK) 


= 2.90x10'’  m K. 


(4.965W 

iDE-vnr*:  Since  the  stars  radiate  as  blackbodies.  they  obey  the  Stefan-Boltzmann  law. 
SET  Up:  Tbe  Stefan-Boltznunn  law  says  that  the  intensity  of  the  radiation  is  / = Or'.  s 
i*£  = aKT'. 

Execute:  (■)/=  oT*  = (5.67  x lO*  W/m1  K‘  >(24,000  K)‘  = 1.9  x 10*’  W/m1 

(b)  Wien’  s Uw  gives  = (0.00290  m K V(24.000  K)  = 1 .2  x KT  m = 1 20  nm 

This  it  not  viable  nice  the  wavelength  it  leva  lhan  4(Xl  id 

(c) /,  = A/o4.Ri  = /’/T  = (l.(0x  10"WV(1.9X  1010  W/m1) 
which  gives  Riot.  = 6.51  X 10*  m = 6510  km. 

Ri*JR~>  = (6.51  X 10*  m>(6.96  x 109  m)  = 0.CO93,  which  gives 

R^  - 0.0093  : 1%  R„ 

Id)  Using  the  Stefan-Boltzmann  law.  we  have 

_ <TA„T^  4*RLtL  Is-  | ( | /•«.  I R-  W 5800  K 


ihe  total  radiated  power 


= 39 


) PfMt  1 0.(0935/?^  ) V 24. COO  K 
EYALUATK:  Even  though  the  absolute  surface  temperature  of  Sinus  B is  about  4 limes  that  of  our  sun.  it  radiates 
only  1/39  times  as  much  eoergy  per  second  as  our  sun  because  it  is  so  small. 

Eq.  (38.32):  /(;.)=■  ,■  ^ ^ but  r*  = l + s+ y + -~\  + x fur 

x4Z\  =>/(/)•-.  __  (38.31).  which  is  Rav*cigh‘ s distribution. 

X (hc^kT)  X 

(a)  Wien's  law:  i_  = * . = 9.7xl0"*m  =97  nm 

I 30.000  K 

This  peak  is  in  the  ultraviolet  region,  which  is  not  visible.  The  star  is  blue  because  the  largest  put  of  the  visible 
light  radiated  is  in  the  blue/  violet  part  of  the  visible  spectrum 

(b)  P^vAT*  (Stefan-Boltzmann  hw) 


(100.0(»X3.86xl(r  W)=  5.67x10"*  . . , j (4^X30.00)  K)4 


ff  = 82x10*  m 


^xltfm=12 

' 6.96x10*  m 

(c>  The  visual  luminosity  is  proportional  to  the  power  radiated  at  visible  wavelength v.  Much  of  the  power  is 
radiated  noovisible  wavelengths,  which  does  not  contribute  to  the  visible  luminosity. 

IDE-vnr*  and  SET  Up:  Use  c = /<l  to  relate  frequency  and  wavelength  and  ui t E = hf  to  relate  photon  energy 
ind  frequency. 

EXECUTE:  (a)  One  photon  dissociates  c©e  AgBr  molecule,  so  we  need  to  find  the  energy  required  to  dissociate  a 
single  rootecule.  The  problem  slates  that  il  requires  1.00x10s  J to  dissociate  one  mole  o!  AgBr.  and  one  mole 
contains  Avogadru's  number  (6.02  X1021)  of  molecules,  so  the  energy  required  to  dissociate  coe  AgBr  is 
1.00x10*  J/mol 
602x10”  mokcules/mol 

The  photon  is  to  have  this  energy,  so  £ = 1.66x10'”  J(leV/1.602xl<r“  J)  = 1.04  eV. 


= 1.66x10'”  1/nnlecule. 


(b)  £ = — so  A = — = 


he  (6.626X10'“  J SM2.998X  10*  in's) 


(c)  c = /A  so  /=-  = 


1. 66x10'”  J 

2.998X10*  a/s 


= 1.20x10  m = 1200nm 


= 2.50x10*  Hz 


120x10"* 

(d)  E = hf  = (6.626X  1(T“  J ■ sX  100X 10*  Hr)  =6.63x10'“  ) 
£ = 6.63x10'“  J(1  eV/1.602xl0'”  J)=4.14xl0J  eV 
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38.52. 


38.53. 


38.54. 


38.55. 


(e)  EVALUATE:  A photoo  with  fiequmey  / = 100  MHz  has  too  bitle  energy,  by  a Urge  factor,  to  dissociate  a 
AgBr  molecule.  Hie  photons  in  the  visible  light  from  a firefly  do  individually  have  enough  energy  to  dissociate 
AgBr.  The  huge  number  ol  ICO  MHz  pholcos  can’t  compensate  for  the  fact  that  individually  they  have  to 


(a)  Assume  a nonrelativistic  velocity  aixl  conserve  momentum  >mv  = -->v  = — . 

X mX 

2 


Ibl  K = 


2*0. 


K h*  X h 

(c)  — = — = . Recoil  becomes  an  important  coocen  foe  small  m and  small  A since  this  ratio 

E 257  he  2 mo. 
becomes  large  in  those  lirails. 

E (102  eVXl. 60x10"  J/eV) 


„ <6.63*10*  J-s)J 

" 2(1.67*10-  kgK122xl0-  m)- 
K 5.53X1Q"*  eV 


102  eV 


= 8.84x10"^  J = 5.53x10"*  eV. 

= 5.42*  10-®.  This  is  quite  small  ai  recoil  cm  be  neglected. 


iDEVnrv  and  SET  UP:  / = 1.  The  (/.V0)value*  are:  (8.20*10"  Hz.  1.48  V).  (7.41*10"  Hz.  1.15  V). 
(6.88x10"  Hx.  0.93  V).  (6.10*lO“  Hx.  0.62  V).  (5.49*10"  Hi.  0.36  V).  (5.18*10"  Hz.  0.24  V).  The  graph 
of  V,  versus/is  given  in  Figure  38.53. 

EXEITTE:  (a) The  threshold  frequency.  /*  . is/ where  Vc  =0.  From  the  graph  this  is  /4  =4.56*10"  Hz  . 

, c 3.00*10*  m/s 

(b)  A.= — = = 658  run 

/*  4.56*10"  Hz 

(c)  <* =6/,  =(4.136*10"“  eV  »X4.56*10"  Hz) =1.89 eV 

(d)  eV„  =hf-«i o V0  =|  - | f-f.  The  slope  ol  the  graph  i>  -. 


= 4.11xlG"‘!  V/HxaoJ 


hj  1.48  V-024  V 
7 = l 8.20. 10"  Hz-S.lSxlO"  Hz 
h = <4.1 1*10'*’  V/Hx)(l .60*10"“  C)  = 6J8*10""  J i 

Vn(vohs) 


Miiy*Hr. 


dN  _(dE  dt)  _ P _ <200  W)(0.10) 

*’  ~dt~(dE  dN)  ~hf~  *<5.00*10“  Hz) 

(b)Demmd  = 1.00*10"  photons/aec- cm1. 


= 6.03x10"  photons, 'sec. 


Thercfcee.  r = 


cl 


= 6930  cm  = 69.3  m 


603 « 10“  pbotQM  sec 
1 4ff(  1.00*10"  photons  sec  ern*) 

(a)  IDENTIFY:  Apply  the  photoelectric  effect  equation.  Eq.(38.4). 

SET  UP:  r V0  = hf-?  = the /A)  - p.  Call  the  stopping  potential  V « lor  A,  and  for  A,.  Thus 

eV^,  = thel A,)~0  and  rVu  = thc/A.J-0.  Note  that  the  work  function  fi  is  a property  of  the  material  and  is 

independent  of  the  wavelength  of  the  light. 

EXECUTE:  Subtracting  one  equation  from  the  other  gives  e (VM  - VM)  = h.  -7-7-1 

A.A- 
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38.57. 


38.58. 


38.59. 


(b)  (6626X10*  295x10* -265x10*  m |=0476V. 

1.602x10*"  C 1 (295x10*  n>X265x  10*  m),* 

Evaluate:  eAV' . which  i>  0.476  eV.  it  the  increase  in  photon  energy  Horn  295  nm  to  265  nm  The  stopping 

potential  increases  when  A tie xeases  because  (he  photon  energy  increases  when  (he  wavelength  decreases. 
lDE.vnr*:  The  photoelectric  effect  occurs.  to  (he  energy  of  (he  photon  it  used  to  eject  an  electron,  with  any 
excess  energy  going  into  kinetic  energy  of  the  electron. 

SET  UP;  Conservation  of  energy  gives  hf  = hc/A  = + p. 

EXECUTE:  (a)  Using  hc/A  = ♦ p.  we  solve  for  the  work  function: 

f=  hc/A- K^,  = (4.136  x 10*1’  eVsX300x  101  nVsVI  124  nm) -4.16  eV  = 5.85  eV 

(b)  The  number  N of  photoelectrons  pet  second  is  equal  to  the  number  of  photons  per  second  that  strike  the  metal 
per  second.  S X (energy  of  a photon)  = 2.50  W.  N(hc/A)  = 2.50  W. 

V = (250  WX124  nm VI (6.626  x 10*’*  JsX3.00  x 10*  mf*)l  = 1.56  X 10"  electrons/s 

(c)  A'  is  proportional  to  the  power,  so  if  the  power  is  cut  in  half,  so  is  iV.  which  gives 

A'  = (1.56  X 10"  cV%)/2  = 7.80  x 10°  el/s 

Id)  If  we  cut  the  wavelength  by  half,  the  energy  of  each  photon  is  doubled  sioce  E = hc/A.  To  maintain  the  same 
power  the  number  of  photons  must  be  hall  of  what  they  were  in  part  (b),  so  A1  is  cut  in  hall  to  7.80  X 10IT  el/s.  We 
could  also  see  this  from  part  (b),  where  S is  proportional  to  A.  So  if  the  wavelength  is  cut  m half,  so  is  A1. 
Evaluate:  In  part  (c).  reducing  the  power  does  not  reduce  the  maximum  kinetic  energy  of  the  photons;  it  cnly 
reduces  the  number  of  ejected  electrons.  In  port  (d).  reducing  the  wavelength  does  change  the  maximum  kinetic- 
energy  of  the  photoelec  Irons  because  we  have  increased  the  energy  of  each  photon. 

iDEVnrv  and  SET  Up:  Tbe  energy  added  to  mass  m of  the  bkiod  to  heat  il  to  Tt  = 100  C and  to  vaporize  it  is 
Q = mc(h  with  c = 4190  1/kg-  K and  L,  =2.256x10*  Jilg.  The  energy  of  one  photon  is 

r _ he  _ 1.99x10*“  I m 

= A ~ A 

Execute:  (a)  C*  = (2.0xl0*  kgX4190J/kg  K)(100  C-33  C)+<2.0xl0*  kgX2.256xl0*  IAg)=  5.07x10*  I 
Tlie  pulse  must  deliver  5.07  mJ  of  energy. 

ib.  f=”°sr-5:gxi^,;„,v 

1 450x10  % 

(c)  One  photon  has  energy  E = ^ *”  = 3.40x10***  J.  The  number  N of  pbjlons  per  pulse  is  the 

energy  per  pulse  divided  by  tbe  energy  of  ooe  photon:  N = 1- — = 1.49x10*  photons 


(a)  ).0  = — . and  the  wavelengths  are:  cesium:  590  nm.  copper.  264  nm.  potassium:  539  nm.  zinc:  288  nm. 

b)  The  wavelengths  of  copper  and  zinc  are  in  tbe  ultraviolet,  md  visible  light  is  not  energetic  enough  to  overcome 
the  threshold  energy  of  these  metals. 

207 mn 


(a)  IDENTIFY  aal  .SET  UP:  Apply  Eq.(38.20):  m.  = 


rr\  + m1  207 mt  + m , 


Execute:  „ = ^1-673x1^)  = , 69x|Q„ 

207(9. 109X10*"  kg)  + 1673x10**'  kg 
We  have  used  m,  to  denote  the  electron  mass. 

(b)  IDEVnrv:  In  Eq.(38. 18)  replan  m = m.  by  m. : E,  = - 


SETUP:  Write  as  E = — -X^-r  . unce  we  know  tout  ’ Hs'=\ 3.60  eV.  Here  nc.  denotes  the 


v -,v  

reduced  mass  for  the  hydrogen  atom;  m,  =0.99946(9.107x10'"  kg)  =9.104x10*"  kg. 
Execute:  £=  IS."  13  60  rV 


1.69x10**  kc 

El  = ___n^(-13.60  eV)  = 186(- 13.60  cV)  = -2.53  keV 
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38.60. 


38.61. 


38.62. 


(c)  SET  Vn  Horn  p«t(b).  £.=(—  jj  - ■-**  where  Ru  = 1.097xl07  nr*  i*  the  Rydberg  constant  foe  the 

he 

hvdrogen  atom.  Use  this  retult  m -j-  = £,  - E,  to  find  an  expression  (oi  1 I A.  The  initial  level  for  the  tranutmo  is 
the  ^ =2  level  and  the  final  level  it  the  n,  = 1 level. 

Execute:  = ^ R«'h  *** 

A 

_flR  1 

A m,  ' n‘  * 

. ■■69x10'“  kg  (11  27xl0. 

A 9.104x10-"  kg  ! 7 ¥ I 

A = 0.655  nm 

Evaluate:  From  Example  38.6  the  wavelength  o!  the  radiation  emitted  in  this  transition  in  hxdrogen  is  122  nm. 


Die  wavelength  for  muomum  is  — = 5.39 xlO-1  times  this.  The  reduced  mass  lor  hydrogen  is  very  close  to  the 

electron  mass  because  the  electron  mass  is  mix~h  less  then  the  proton  mass:  mf/m%  =1836.  The  muon  mas*  is 
207m.  = 1.886xl(T*  kg.  The  prole©  is  only  about  10  times  more  massive  than  the  muon,  so  tbe  reduced  mass  is 
somewhat  smaller  than  the  muon  mass.  The  nxi on -proton  alom  has  much  more  strongly  bound  energy  lewis  and 
much  shorter  wavelengths  in  its  spectrum  than  for  hydrogen. 

(a)  The  change  in  wavelength  of  the  scattered  photon  is  given  by  Eq.  38.23 

X' -X  = — (1-cos*)  X =X'-  — (1  -cos*)  = 
me  me 

(0.0830X  1<T*  m) l6  f1'l<l° — i-li- (1  + 1)  = 0.078 1 nm. 

(9.11x10-"  kgX3.00x!0'  ms) 


<b»  Since  (he  coUiticn  u one-dnoeniional.  the  magnitude  id  the  electrun't  momentum  must  be  equal  to  the 
magnitude  of  the  change  in  the  photon'*  momentum  Thu*. 

= 1.65x10'"  kg  m/* •2x10'“  kgm/t. 


(c)  Since  the  electron  it  non  relativistic  (JI-0.06).  K,  =£l  = 1A9xIO~16  J-10'“j. 

Identify  and  Set  Ur:  At=A  + — (1-cottf) 

me 

* = 180°  so  X = A + — = 0.09485  m.  Use  Eq.(38  .5)  to  calculate  the  momentum  of  the  scattered  photon.  Apply 
me 

conservation  of  energy  to  tbe  collision  to  calculate  the  kinetic  energy  of  the  electron  after  the  scattering.  The 
energy  of  the  photc©  is  given  by  Eq.(38.2). 

Execute:  (a)  p=h/X  = 6.99X10"14  kg  ntfs. 

(b)  £ = £'+£.:  he/A  = ke/X+E, 

£*=KT"T)=(Ac,^=n29xl0"“,=705aV 

EVAIXATE:  The  energy  of  tbe  incident  photon  It  13.8  keV,  to  only  about  5%  of  ifi  energy  it  transferred  to  the 
electron.  This  corresponds  to  a fractional  shifl  in  the  photon- 1 wavelength  that  is  also  5%. 

(a)  ^ = 180'so(l-co»tf)  = 2 Ai.  = — = 0.0019  nm.  so  i/=0. 1849  nm 

me 


1 1 ’’ 

(b>  AE  = hc|  ---,;  = 2 93xl(r”l  = 183eV.  Thu  will  be  tbe  kinetic  energy  of  the  electron. 


<c)  The  kinetic  energy  is  far  lest  than  the  ret«  mats  energy,  so  a non-relativiitic  calculation  it  adequate: 
v = JlKlm  = 8.02  x 10*  ra/t. 
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38.61. 


38.65. 


38.66. 


Identify  and  Set  llr:  The  H line  in  the  Balmcr  series  corresponds  to  the  #i  = 3to  n=2  transition. 


13.6  eV  Ar 

E*— 7—  T_ 


EXECUTE:  (a)  The  atom  rous*  be  given  an  amount  of  eoergy  £,  - = -(1 3.6  eV)j  -y - -y  =12.1  eV 


(b)  There  are  three  possible  transition*.  n=3-*n  = l:  AE  =12.1  eV  and  A = — = 103  ora  ; 

A I 


= -<136  eV)|  =1.89  eV  and  A = 

3 T 


n = 3-t/i=2 : 


A£  = -<13.6eV)|  ; = 102  eV  and  ,1  = 122  ora. 

* 1 


657 


= 2->n  = l: 


- <* 


Hnlnj/n,) 

-13.6eV 


= -3.4 eV.  £ =-13.6eV.  £„ -£ , =10.2  eV  = 1.63x10*"  I. 


(a)  — = 10*“.  T = 


-<1 .63x10""  J) 
(1.38x10""  J K)ta(10~“| 


= 4275  K. 


(b)Hi  = 10'4.  T = I6m,I°  , =6412  K. 

n <1.38x10  J,'K)  IdIKT*) 


(c)  — = 10"*.  T = 


= 12824  K. 


-(163x10*"/) 

(1.38x10""  J.  KIMIO**) 

(d)  for  abscxptioo  (o  lake  pUw  in  the  B aimer  tenet,  hydrogen  must  start  in  the  n = 2 state.  Rom  part  (a),  colder 
stars  hate  fewer  atoms  in  this  state  leading  to  weaker  absixption  linet. 

(a)  IDENTIFY  aal  SET  L>:  The  photon  energy  is  giten  lo  the  electron  in  the  atom.  Some  at  Out  eoergy 
overcomes  the  binding  eoergy  of  the  atom  and  what  is  left  ap peart  as  kinetic  energy  of  the  free  electron.  Apply 
hf  = Et-El,  the  eoergy  given  to  the  electron  m the  atom  when  a photon  it  ahtorbed. 

EXECUTE:  The  energy  of  «,e  Photon  is  'p^XlC*"  J-X2.998-10-  m/s) 


55.5*10"  m 


-^  = 2-323x10*"  J(1  eV/1.6O2xl0*"  J)  = 14.50 eV. 


the  energy  of  the  electron 


The  final  energy  of  the  electron  is  £,  = + Af . Inlbe  ground  stale  of  the  hydrogen 

is  £,  = -13.60  eV.  That  E,  = -13.60  eV  . 14.50  eV  =0.90  eV. 

(b)  Evaluate:  At  thermal  equilibrium  a few  atoms  will  be  in  the  n = 2 excited  levels,  which  have  an  eoergy  of 
-13.6  eV/4  = -3.40  eV.  10.2  eV  greater  than  the  energy  of  the  grourxl  stale.  If  an  electron  with  £ = -3.40  eV 
gaini  14.5  eV  Horn  the  absorbed  photon,  it  will  end  up  with  14.5  eV  - 3.4  eV  = 1 1 . 1 eV  of  kinetic  energy. 
iDEVtirV:  The  diffraction  grating  allows  us  to  determine  the  peak-intensity  wavelength  of  the  light.  Then 
Wien’s  displacement  law  allows  us  lo  calculate  the  texr^ierature  of  the  blackbody.  and  the  Stefan  BolUmam  law 
allows  us  lo  calculate  the  rale  at  which  it  radiates  energy. 

SET  Up:  Ibe  bright  spot!  for  a diffraction  grating  occur  when  d sm  0=  mX.  Wien’s  displacement  law  is 
2.9QXl0*’m  K 


/,= 


. and  the  Stefan- Boltzmann  law  says  that  the  intensity  of  the  radiation  is  / = OT  . so  the 


total  radiated  power  is  P = OAT 

Execute:  (a)  Fust  find  the  wavelength  of  the  light: 

A = dtm  0 = (1A385.0CO  Unes/m)l  sinfl  1.6*)  = 5.22  x 10*’  m 
Now  use  Wien’s  law  to  find  the  temperature : I = (2.90  x 10J  m K V(5.22  x 10*’  m)  = 5550  K. 
(b)  The  energy  radiated  by  the  blackbody  is  equal  to  the  power  times  Ibe  tin*,  giving 
V = Pi  = Mr  = aKT*t  which 


r =(//(<«£*)  = (12.0 X 101  J)/|(5.67  x 10“*  W/m!  K‘ )(4r X0.0750  m):(5550  K)*l  = 3.16s. 

Evaluate:  By  ordinary  standards,  this  blackbody  is  very  hot.  so  it  does  not  take  long  to  radiate  12.0  MJ  of 
energy. 
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38.67. 


38.68. 


38.69. 


iDEYTIFY:  Asstiming  that  Belelgeuse  radiates  like  a perfect  blackbody.  Wien  * displacement  and  the  Stefan- 
Boltzmann  law  ipply  to  its  radiation. 

SET  Up:  Wien's  displacement  law  is  ~ "Q<^  m K . and  the  Slefan-Boltzmonn  law  *ay*  tbit  the 

intensity  of  the  radiation  is  / = dT 4.  so  the  total  radiated  power  is  P = a\T  4. 

EXEtXTE:  (a)  First  use  Wiens  low  to  find  the  peak  wavelength; 

4*  = (2.90  x 10~s  m-K  V(3000  K)  = 9.667  x 10*7  m 
Call  S the  number  oed  pbotona/secxind  radiated.  jV  x (energy  per  photon)  = M = cftT4. 

V(hc/Au)=Mr\  N = ^aAT'  ■ 


N = 


he 

[9.667  x 10~‘  ro)(3.67x  10~*  W’/m1  K4)(4t)[600»6.96x10‘  m),(3QQ)K)‘ 
(6.626xl<r“  J nXS  OOxlC*  m/s) 


V = 5 X 10“  photoru/s. 

,h,  I,\  -Q\r:  «*>*,  ‘ 30QQK.,_  , 

4.r*j7'  K,  1 5800  K 1 

EVALUATE:  Betdgeuse  radiates  30.000  lanes  as  much  energy  per  second  as  does  our  sun! 

IDE-Vnrv:  Hie  blackbody  radiates  heal  into  the  water,  but  the  water  also  radiates  heat  back  into  the  blackbody. 
The  net  heat  entering  t(*  water  causes  evaporatioo.  Wien's  law  tells  us  the  peak  wavelength  radiated,  but  a 
thennophile  in  the  water  measures  the  wavelength  and  lrequerxy  o(  the  light  in  the  water. 

SETUP;  By  the  Stelan-BolUman  law.  the  net  power  radiated  by  tbe  blackbody  is  — = - TL - ) . Since 

dt 

this  beat  evaporates  water,  the  rate  at  which  water  evaporates  is  — = — 1 . Wien's  displacement  law*  is 

dt  dt 

« 2.90xl(T4m  K t 

A^ . and  tbe  wavelength  in  the  water  is  A,  = AJn. 

EXECUTE:  (a)  The  net  radiated  beat  is  — = t tAIJ ^ - T^m ) and  the  evaporation  rale  is  — = L\  — . where 

dr  dt  dt 

dm  is  tbe  mass  of  water  that  evaporates  in  tin*  dt.  Equating  these  two  rates  gives  L — = a A [T\  - 74  ) . 

dt 

dt  fs 

* -l567’"11'  K-)(«)(0;120.1-[(.9SK>--H13K>-i^| 

dt  2256x10’  I/Kg  * * 

(b)  <i)  Wire's  law  gives  4,  = (0.00290  m K V(498  K)  = 5.82  X lff'm 

But  this  would  be  the  wavelength  in  vacuum.  In  the  water  the  thermophile  organism  would  measure  A.  = )Jn  = 

(5.82  x 10"4  mVI  .333  = 4.37  x 10^  m = 4.37  pm 

(ii)  The  frequency  is  the  same  as  if  tbe  wave  were  in  air.  so 

/=  </itp  = <3.00  xlO1  m'sV15.82  x 10*m)  = 5.15x  10”Hz 

Evaluate:  An  alternative  way  is  to  use  the  quantities  in  the  water.  / = = c/<L.  which  gives  the  same 

V" 

answer  lor  the  frequency.  An  organism  in  the  water  would  measure  tbe  light  coming  to  it  through  the  water,  so  the 
wavelength  it  would  measure  would  be  reduced  by  a factor  of  l/n. 

IDE-Vnrv:  The  energy  of  the  peak-intensity  [*otons  must  be  equal  to  tbe  energy  difference  between  the  n = 1 
and  the  n - 4 stales.  Wien’s  Law  alkiws  us  to  cakulate  what  the  temperature  of  the  blackbody  must  be  fur  it  to 
radiate  with  its  peak  intensity  at  this  wavelength. 

SET  Up:  In  the  Bohr  model  the  energy  of  an  electron  in  shell  n is  E,  = • and  Wien's  displacement  law 


is  , - gjgg 1,1  il1  ,K  . n,,  rnCTgy  ofa  photon  is  E = hf=he/i. 


EXECUTE:  Fttit  find  the  energy  (A £)  that  a pboton  wixild  need  to  excite  the  atom.  The  ground  slate  of  t be  atom 
is  n = 1 aixl  the  third  excited  state  brv  = 4.  This  energy  is  the  difference  between  the  two  energy  levels.  Therefore 
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38.70. 


38.71. 


38.72. 


A£  = (-13.6  eV )j  jy-  p.  | = 12.8  cV.  Now  fmd  the  wavelength  of  the  ptooton  having  this  amount  of  energy. 
he/ A =128  eV  and 

X = (4.136  x 1 O'15  eV  s X3.00  x 10*  m/sV(12.8  cV)  = 9.73  xlO*4  m 
Now  use  Wien' 8 law  to  find  the  temperature.  7 = (0.00290  m • K V(9.73  X 10~*  m)  = 2.98  X 104  K. 

EVALUATE:  This  temperature  is  well  above  ordinary  room  temperatures,  which  is  why  hydrogen  atoms  are  not  in 
excited  states  during  everyday  coniliboos. 

Identify  and  Set  In  Electrical  pjwec  is  VI.  Q = mcAT . 

EXECUTE:  (a)  (0.010)V/  = (0.0 10X1 80x10*  VX60.0X10"1  A)  = 10.8  W = 10.8  1/s 

(b)  The  energy  in  the  electron  beam  that  isn't  converted  to  x ra>s  stay*  in  the  target  and  appears  as  thermal  energy. 

For  1=  1.00s.  0 = (O.99O)V/(1. 00  s)  = 1.07x10*  J aixl  A7  = — = 1<b<1°  J = 32.9K.  The 

me  (0.250  kgXl  30 1 Ag  • K) 

temperature  rises  at  a rate  of  32.9  K/s. 

EVALUATE:  The  target  must  be  nude  of  a material  that  has  a high  melting  point. 

IDEVTIFY:  Apply  conservation  of  energy  and  conservation  of  linear  momentum  to  the  system  of  atom  plus 


(a)  SET  UP:  Let  be  the  transition  energy.  E^  be  the  energy  of  the  plxilon  with  wavelength  A\  and  Et  be 
the  kinetic  energy  of  the  recoiling  atom.  Conservation  of  energy  gives  EsA+E1=  £t. 

£*=7“7=£--£'^'=^ 

Execute:  11  the  recoil  energy  B neglected  then  the  photon  wavelength  it  A = hr  IE,. 

he  . 1 


tU  = Z-A=hc 


E*~E,  E. 


- 1 


E.  A 

l 


1 =1-5.  =1*— i.  vince  — 

l-E.IE„  E,  £„  £* 

(We  have  u*ed  the  bimmial  Ibeorem.  Appendix  B.) 

Thus  \X  = ^!L  . or  tince  £„  =hcU.  &A=  jl*. 

SET  Up;  U*e  cootecvalion  of  linear  motor  alum  u>  God  £ : Ai  aiming  lhal  the  alum  it  initially  at  rest,  the 

momentum  p,  of  the  recoding  atom  must  be  equal  in  magnitude  and  opposite  in  direction  to  the  momentum 

pit=h/A  of  the  emitted  photon:  h/A  = pr 

i h‘ 

Execute:  £ = — . where  m is  (he  mass  o!  the  atom,  so  £ = — . 

2m  2mA‘ 

E h1  A2  h 

Use  this  result  in  the  above  eqinlion  SA  = | \ X1  = j — j = - — ; 

note  that  this  result  for  SA  i independent  of  the  atomic  transition  energy. 

(b)  Ibr  a hydrogen  atom  m = mt  and  A^  = — = 6.6^6x10 — Jj< — = 661x10"**  m 

' 2m,r  2(1.673x10"^  kgX2.998xl0“  m/s) 

Evaluate:  The  correction  is  lndepenJenl  of  n.  The  wav  elengths  of  photons  emitted  in  hydrogen  atom 

transitions  are  on  the  order  of  100  nm  = 10":  in.  so  the  recoil  correction  is  exceedingly  small. 

(a)  Ak,  = (A/mcX 1 -cos//,), Aka  = (A/mcXl  -cos^a).  and  sw  the  overall  wavelength  shift  is 
Ak  = (A/mcX 2 - coatf,  - c« 

(b)  For  a single  scattering  through  angle  0,  Ak§  = (A/mrXl  - cos//)  For  two  successive  scatterings  through  an 
ingle  of  0(1  for  each  scattering, 

* =2(A,'mcXl-cos 


1 -cos/1  = 2(1  - cc*s<0/2»  and  Ak,  = (A/mc)2(l  - cos2 (/1 ,2)) 
60 *(0/2)  Z 1 va  1 - cos2(0  2)  £ (1 - coi(0  2))  and  Ak,  £ Ak, 
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Equality  hold*  only  when  0=180”. 

<c)  {hi me) 20  - cos  30.0")  = 0.268(6,' we). 

<d>  (A/«)(l  - cos 60’)  = 0.500(6  me),  which  a indeed  greater  than  the  shift  found  In  part  (c). 

>8.73.  IDE-Vnrv  and  SET  UP:  Had  the  average  change  in  wavelength  for  one  scattering  and  use  that  in  iai  in 
Eq .(38.23)  to  calculate  the  avenge  scattering  angle  9- 
EXECtm:  (a)  The  wavelength  of  a 1 MeV  photon  is 
, he  (4.136xl0*“  eV*K2.998xl0*  tn(*)  , ... 

£ lxl <T  eV 

The  total  change  in  wavelength  therefore  b SOOxlO*  m-lxl0',j  m = 500xl(T*  m. 

If  this  shift  is  produced  in  10*  Compton  scattering  events.  the  wavelength  shill  in  eich  scattering  event  is 
500x10^  m 

“IxTo3- 


1A  = 


=5xl(T“  m 


(b)  Use  this  in  &A  = _(1  -cos^)  and  solve  for  £ We  anticipate  that  «>  will  be  very  small,  since  AA  b 
me 

modi  less  than  h/mc,  so  we  can  use  CCI^*l-d2/2. 


= 2))  = JL^ 


USxlVm)  ^ - = 


(4x10-*) 


[h/mc)  V 2-426x10—  m 
4 in  radians  b much  less  than  1 so  the  approximation  we  used  is  valid. 

<c)  IDEVTIFY  and  SET  UP:  We  know  the  total  transit  time  and  the  total  number  of  scatterings,  so  we  can  calculate 
the  average  lime  between  scatterings. 

Execute:  The  total  lime  to  travel  from  the  core  lo  the  surface  is  (10*  y)(3.156xl07  %/y)  = 3.2x10*  s.  There  are 
10*  scatterings  during  this  lime,  so  the  average  tune  between  scatterings  is  t = 3 * = 3.2x10“*  s. 

The  distant  light  travels  in  this  lime  b d =r/  = (30x1 01  mfc)(3.2xl0~>J  s)  = 0.1  mm 

EVALUATE:  The  photons  are  on  the  average  scattered  through  a very  small  angle  in  each  scattering  event.  The 
average  distance  a photon  traveb  between  scatterings  is  very  small. 

he 

>8.74.  (*)  The  final  energy  of  the  photon  It  £"  = — -.and  E = E'  * K.  wbrre  K i*  the  kinetic  energy  of  the  electron  after 


the  collision.  Then. 


He  _ Ac  _ he 

Tk  ~ (hcXi+K  ~ the.X')  + <y-l)mc‘  ~ i me 


r 


-1 


(AT  =mc,(y-l)  since  the  relativistic  expressiem  must  be  used  for  three-figure  accuracy), 
(b)  9 = «CC0»(I  - A k ; (6  ;«)) 


(c)  r- 1 = 


-(ST) 


3 


-1  = 125-1= 0.250,  — = 2.43x10*"  m 


= 


I*- 


S-lOxlO*1 

(5.10x10—  m)(9.1 1x10"“  kg)(3.COxlO' m s>(0.250) 
(6.63X10*“  J s) 


= 3.34x10*’ nra. 


38.75.  (a)  Identify  aoJ  SET  UP:  Conservation  of  energy  applied  lo  the  collision  gives  Ex  = Ex  + £..  where  £4  b the 

kinetic  energy  of  the  electron  after  the  collision  and  EA  and  Er  are  the  energies  of  the  photon  befcee  and  after  the 
collbion.  The  eoexgy  of  a photon  b related  to  its  wavelength  according  to  Eq.(38.2). 
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38.76. 


38.77. 


38.78. 


38.79. 


EXECLTI:  £ 


=Ki4)= 


A'-A 

-fir 


0.0032x10"*  m 
(0.1100x10-  mXO.l  132x10-  m) . 


£.=(6.626x10"**  I - 1X2.998x10*  mfc) 

£.=5.105x10"*’ J = 319eV 

(b)  The  wavelength  A of  a photon  with  energy  £,  is  given  by  E,=hc/A  so 

, he  (6.626x10"*  Js)(2. 998x10*  mi's)  , 

A = — = = 3.89  run 

E » 5.105x10"* 7 J 

EVALUATE:  Only  a small  portion  of  the  incident  photon's  energy  a trmslened  lo  Ibe  struck  election;  this  is  why 
the  wavelength  calculated  in  port  (b)  is  much  larger  than  the  wavelength  of  the  incident  pbatun  in  the  Compton 


iDEvnrv:  Apply  the  Compton  scattering  formula  A'-A  = £A  = — (1  -co*tf)  = 2,(1  -cos  tf) 

(a)  Sir  UP:  Largest  A2  is  lot  # = 180*. 

Execute:  Fee  # = ISO’.  AA  = 2 At  = 2(2.426  pm)  = 4.85  pm. 

(b)  SET  Up:  A'- A = A,(l-cos#) 

Wavelength  doubles  inches  X = 2A  so  A'-A  = A.  Thus  A =^(l-cos#k  A is  related  to  E by  Eq.(38.2). 
Execute:  E = hc/A  so  smallest  energy  photon  means  largest  wavelength  photon,  so  # = 180"  and 

A = 2A,=  4.85  pm  Then  £ = * 3(1  «V/1.602xKr"  J)  = 

^ y A 4.85x10""  m 

0256  MeV. 

Evaluate:  Any  plxitun  Compton  scattered  at  # = 180'  has  a wavelength  increase  ol  2 A,  = 4.85  pm  4.85  pm  is 
near  Ibe  short-wavelength  end  Of  the  range  of  x-ray  wavelengths. 

2xhc‘  c 


(a)  /0  ) = 7, 


-n — — r, bUt  *.=  — 

■V‘"-1)  / 


=>/(/>=-■  = 


Ithf 


ib)  j'w-)<JA=j°f(/,<ff[Z.; 

_f-  2*W’d/  _2xfkT)‘r  «*  . 2*( *T)‘  1 _2.t'k*r 

pST-J.7n‘,‘— " 24Wi'e!  "1W 

(c)  The  expression  ‘.X*  =<T  as  shown  in  Eq.  (38.36).  Plugging  in  the  values  lor  Ibe  constants  we  get 
<7=5.67x10*  W/m’-K*. 

/ = cT'.P  = M.  and  AE  = ft;  combining. 

A£  (100  J) 


ArtT*  (4.00X  10-  m‘M5.67  x 10-  W m*  K*  M473  K)* 

4.A.V 


=8.81x10*  s = 2.45  lira. 


(a)  Ibe  period  was  lound  m Exercise  38.27b:  I = 


lb)  Eq.  (38.6)  tells  us  that  / =f  <£.  - £.).  So  / = 


II  n,  = itandn=n  + l.  then  * -_L  = J_- 1 

1 ^ 1?  V (n-.!)- 


rrequency.s,u,t/=7  = 3-w. 


(Irom  Eq.  (38.18)). 


- 1 ■ 1 
n‘  (1 + !.«)* 


- *ll-  1-2 


= -i-(or  large  n~>  f - 


JOT' 
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38.80.  Each  p holed  h«  momentum  p = and  il  the  rate  at  which  the  photons  strike  the  surface  is  (diV/dr),  the  force 
on  the  surface  is  (h!X)(dN  dl\  ami  the  pressure  is  (h/X)(dN:dl)iA.  The  intensity  i* 

I = (dN/'dl)(E);A  = (dN:dt)(hc;X)/A.  ami  comparison  o<  the  two  eapressioos  gives  the  pr enure  as  (l/c). 

38.81.  Momentum:  p + P = p' + P 3 p- P = -p'~  f p'  = P-(p  + P") 
eoag>  pc+E=p'c+Ef  =pc+  J(P'c)2  + (me2? 

=>(pc-pc  + E)2  = (P'c)2  + (me2)2  = (Pc)2  + ((p  + p»' -2Hp  + p')c 2 + (me2)2 

(pc  - pc)2  + E2  = E2  + (pc + pc)2 -2(Pc‘)(p  + p)  + 2Ec(p-  p) -App'c2  + 2£c(p-  p) 

+2(Pc‘)(p  + p')  = 0 


=>  p'tfc2  - Ipc 2 -Ec)  = p(-Ec  - Pc2 ) 


. Ec  * Pc2 

E + Pc 

P P2pc‘  + Ec-Pc2 

2pc  + (E-Pe ) 

_1._;  2 hc:X  + (E-Pc) 

1 E+Pc 

1 \ E + Pc)  E + Pc 

_!._Q.(E-Pc)*2hc) 
E + Pc 

=>E-PcX{^f 

2 E 2E(2E)  E E AhcE ) 

<b)  11  X = 10.6x10"*  m.  E = 1.00x10“  eV  = 1.60x10"*  I 

. , he  f ^ (9.11x10"“  kg)'c*(10.6xl0"*  m>  . 

1.60x10"*  J1  4hc  <1.6X10"*  J)  J 

= 0 24x10"“  m)(l  + 56.0)  = 7.06x10"“  m. 

(c)  These  photons  are  gamma  rays.  We  have  taken  lnlrare<l  radiation  and  converted  it  into  gamma  rays!  Perhaps 
useful  in  nuclear  medicine,  nuclear  spectroscopy,  ox  high  energy  physics:  wherever  controlled  gamma  ray  sources 
might  be  useful 
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39.1.  IDENTIFY  and  SET  Up:  >l  = — = — . Fi*  an  ekctruG.  m =9.1  lxlO'M  kg  . For  a proton.  m = 1.67x10"®  kg  . 

p mv 

Execute:  (■)  A = 6 — = 1.55x10"*  m=0.155  nm 

(9.11x10  1 ksK4.70xl (T  m/s) 

(b)  A is  proportional  lo  i-.  ik>  A9  = ^j  — j = (1.55xl0"11  m)  ^-xlO:T  ^ ! = 8.46xlO"M  m . 

39.2.  Identify  and  Set  Up:  For  a pbjlon.  E = ^ . Foe  an  electron  or  proton.  p = ?L  and  E = — , *o  E = h . 

A A 2m  2/ttA 

„ he  (4.136x10*“  eV-,K3.00*I0'  iat%)  , _ , ,, 

EXECUTE:  (a)  £ = — = . = 6.2  keV 

A 0.20X10  iu 


lb)  E = 


h‘  _ 6.63x10"’*  l i 
2mF  0.20  X10-*  m 


= 6.03x10’“  1=38  eV 


EVALUATE:  For  a given  wavelength  a photon  has  much  more  energy  than  an  electron,  which  in  turn  has  more 
energy  ihin  a proton. 

39.3.  (a)  -.  = * =p  = * = <6-63xl0‘“3  =2.37x10^ kg  m,.*. 

p i.  (2^80x10^  m) 

<b>  K=-gl=<2'37*10  * tf'm  ',r=3.06xl0-|,J  = 19.3fV. 

2m  2(9.1  IX 10*”  kg) 


39.4.  i.  = — = — — — 

P v‘2m£ 

= |663>1Q',,,  = 702X10**'  m. 

^2(6.64x  10**  kg)  (4.20x10*  eV)  (1 ,60x  10*“  J.  e V) 

39.5.  iDEVnr*  and SET  UP;  Tbe  dr  Brogbe  wavelength  is  A = — = — .In  the  Bohr model.  mvr  =n{hl2s), 

p mv 

vo  mv  = nft/(2»r.).  Combine  these  two  expressions  and  obtain  an  equation  loi  A in  terms  of  it.  Then 

i 2/Tr  \ 2xi 


V nft  ) n 

EXECUTE:  (a)  Foe  n = l.  A = 2 Xr,  with  »,  = ac  = 0.529x10*”  m.  vo  A = 2^0.529x10*'’  m)  = 3J2xl0-“  m 
A = 2xr,;  the  de  Broglie  wavelength  equals  the  circumference  of  the  orbit 
(b)  For  n = 4.  A = 2nrJA. 

>(  = 1*0,  vo  rt  = 16a,. 

A = 2x(l6a,)/4  = 4(2xac)  = 4(3.32xl0~l‘  m)  = lJ3xl0**  m 

A = 2rrt  /4;  the  de  Broglie  wavelength  i.  i = i times  the  circumference  of  the  oebil 

EVALUATE:  As  n increases  the  momentum  of  the  election  increases  and  its  de  Broglie  wavelength  decreases.  Foe 
my  n.  the  circumference  of  the  oebits  equals  an  integer  number  of  de  Broglie  w avelengths. 
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39.6. 

39.7. 

39.8. 

39.9. 


39.10. 


(a)  Bit a nonrelatlvistic  particle.  K=—.vi  A = — = —jL 

2m  p %i2  Km 

(b)  (6.63x10”“  J • «)/ ^2(800 eV)(l ,60x lO1’  J/eVX9.HxlOJ‘  kg)  = 4.34x10'"  m 

IDENTITY:  A person  walking  through  a (loot  is  like  a panicle  going  through  a slit  and  hence  should  exhibit  wave 
properties. 

SEI  Up:  The  de  Broglie  wavelength  ol  the  person  is  A = M n». 

Execute:  (a)  Assume  m = 75  kg  and  v = 1 .0  m/s. 

A = h/mv  = (6.626 X 1C r“ 1 ■ sVI(75  kgMl.O  m/s)l  = 8.8  X 10'“  m 
EVALUATE:  (b)  A typical  doorway  is  about  1 m wide,  so  the  person's  de  Broglie  wavelength  is  much  too  small 
to  show  wave  behavior  through  a “slit”  that  is  about  10*  times  as  wide  as  the  wavelength.  Hence  ordinary  objects 
do  not  <Aow  wave  behavior  in  everyday  life. 

Combining  Erpiatioos  37.38  and  37.39  gives  p = mc-J.1  - 1 . 


(a)  Z = — = (h  mc)fjri-l  =4.43x10'“  m.  (Ihe  incorrect  noorelativirtic  calculation  gives  5.05x10'“  m.) 

(b)  (k«c)/^  — I =7.07x10'“  m. 

iDEVnrv  and  SET  Up:  A photon  has  zero  mass  and  its  energy  and  wavelength  are  related  by  Eq.(382).  An 
electron  has  mass.  Us  energy  is  related  to  its  momentum  by  E = p‘l2m  arxl  its  wavelength  is  related  to  its 
momentum  by  Eq.(39.1). 

Execute:  (a)  photon 

he  he  (6.626x10'“  I SX2.998X10*  mTs) 

E-t*>A-t=  =62.0  nm 


electron 

E = p‘H2m)  so p=j2mE  = %£c5Tl <»x  10'“  kgX20.0eV«  1.602x10'*  J/eV)  = 2416x10'“  kg  m/s 
A = hip  =0274  nm 

<bt  photon  E = Ac/<l  = 7.916x10”"  J = 4.96  eV 
electron  A = h/p  so  p =hlA  = 2.650xl0'i'  kg  m/s 
£ = p* /(2m)  = 3.856x10'"  1=2.41x10^  eV 

(e)  Evaluate:  You  should  use  a probe  ol  wavelength  approximately  250  nm.  An  electroo  with  A = 250  nm  has 
much  less  energy  than  a photon  with  A = 250  nm.  *>  is  less  likely  to  damage  the  molecule.  Note  that  A=h/p 
applies  to  all  particles,  those  with  mass  and  those  with  zero  mass.  E = hf  = hclA  applies  only  to  photons  and 
E = p‘ 12m  applies  only  to  particles  with  mass. 

IDEVnrv:  Any  moving  particle  has  a de  Broglie  wavelength.  The  speed  of  a molecule,  and  hence  its  de  Broglie 
wavelength,  depends  on  Ihe  temperature  ol  Ihe  gas. 

SET  Up  The  average  kinetic  energy  ol  Ihe  molecule  is  K„  = 3/2  kT.  and  the  de  Broglie  wavelength  is  A = 
h/mv  = h/p. 

Execute:  (a)  Combining  K„  = 3/2  kT  and  K = p!/2m  gives  3/2  kT  = p„J/2m  and  p„  = JirnkT  . The  de  Broglie 

. , , h h 6.626x10*“  I s , „ ...  „ 

wavelength  is  A=  — = = = 1.08x10  m . 

p v’3 mkT  ^3(2x1.67x10-*’  kg)(l.38xl(T*  J/K}(273  K) 

(b)  Bar  an  electron.  A=  h/p  = h/mv  gives 


h 6626x10'“  I s 

mA  (9.1 1X10“  kg)|l.C8xlO"u  ml 


= 6.75  X lC  m/s 


This  is  about  2%  the  speed  of  light,  so  we  do  not  need  to  use  relativity. 

(c)  Bar  photon: 

£ = he/ A = (6626  x Hr“j  SH3.00X  10*  m/s)/(1.08  x lO""  m)  = 1.84  X 10"”  J 
Bar  Ihe  Hr  molecule:  A„  = (3/2)*T=  3/2  (1.38  X 10””  J/K)(273  K)  = 5.65  x 10"*'  J 
Bar  the  electron:  K = Vi  mv*  = Vt  (9. 1 1 x 10""  kgX6.73  x 10*  m/s  f = 2.06  x 1CT 17  J 

Evaluate:  The  photon  has  about  100  times  more  energy  than  the  electron  and  300.CO0  times  more  energy  than 
the  Hj  molecule.  Ibis  shows  that  photons  of  a given  wavelength  will  have  much  more  energy  than  particles  of  the 
same  wavelength. 
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39.12. 


39.13. 


39.14. 


39.15. 


39.16. 


IDENTITY  and  SET  UP:  Use  Eq.(39.1). 

..  . A A 6.626x10“*  J s W1_H 

LXEtXTE:  A = — = — = = 3.90x10  m 

p mv  (5.COX1CP  kgX340ntfs) 

EVALUATE:  This  wavelength  is  extremely  short;  the  bullet  will  not  exhibit  wavelike  properties, 
(a)  A = h!m\'  — » v=hfm A 


Energy  conservation:  rAV  = — im* 


\V  = 


Jl 

- h - • - ^ = 669  V 

2e  2 tmA3  2(1 .60x10"**  C)  (9. 1 1 x 10“"'  kg)  (0. 15  x 10“*  m)2 


[6626x10“*  J-s)* 


«b,  g_  =Hf  -.^= (6626<10'1,  ’ ->g-°xltf  m 11  =1.33x.O- 
A 0.15x10  m 


f A V = K = and  AV  = 


1.33X10*"  J 


= 8310V 


(a)  i = 0.10 nin  . p = mv  = h;A  ai  v =/i/(m^)  = 7.3xl0‘  m/s . 


lb)  £ = 


= 150eV 


(t)  E=AcM  = 12  KeV 

Id)  The  electron  is  a bcUei  probe  because  foi  Ibe  same  A it  has  lew  energy  and  is  lew  damaging  to  the  structure 
being  probed. 

IDEYHFY:  Ibe  electrons  behave  like  waves  and  are  dillracted  by  the  slit. 

SET  Up;  We  use  conservation  of  energy  to  find  the  speed  of  the  electrons.  and  then  toe  this  speed  to  find  their  de 
Broglie  wavelength,  which  it  A = h/mv.  Finally  we  know  that  the  first  dark  fringe  fee  single-slit  diffraction  occurs 
when  a sin  0=  A. 

fcXECXTE:  (a)  Use  energy  conservation  to  find  the  speed  of  the  electron:  V6  im;  = rV. 

2(1.60x10*"  CHlOOV)  . 

J = 5.93  X 10*  nVt 

9.11X10-’1  kg 

which  is  about  2%  (he  speed  of  light.  so  we  can  ignore  relativity. 

(b)  First  find  the  de  Broglie  wavelength: 

A = ±=  6.626X10-..S  = 1.23  X 10*"m  = 0.123  nm 

mv  (9.11x10  1 kg  )(5.93xl0^  in's) 

For  the  first  single  slit  dark  fringe,  we  have  auaO-A  which  gives 

A 1.23X10**'  m 


£ 


= 6.16  X 1(T  m = 0.616  nm 


iinO  sin(ll.S’) 


Evaluate:  The  slit  width  is  around  5 limes  the  de  Brogbe  wavelength  of  the  elec  tree,  and  both  are  mt>:h 
smaller  than  the  wavelength  of  visible  light. 


For m =1,  A = dsin0  = 


d2mE  ' 


E = 


h3 


(6.63x10“*  J-i)1 


2nd1  sin1/?  2(1.675xlO-/T  kg)  (9.10xl0“u  m)'  sinJ(28.6°) 


= 6.91x10“*  J =0.432  cV. 


Intensity  maxima  occur  when  d xin  0 = rrv  . x = — = 


v'2ME 


p J2ME 

of  the  maxima,  whereas  M is  the  mass  of  the  incoming  particle.) 

,.v.  mh  _ (2X663x10“*  J s) 

y2.U£sin0  ^12(9.11X10*“  kgX188  eV)(1.60xl0*"  J/eV) *10(60.61 
= 2.06x10*”  m = 0.206  nm. 

(b)  m = 1 also  gives  a maximum. 

(1X6.63x10-**  J-*) 

J 2(9.1 1x10*"  kg)  (188  eV)  (1.60x10*“  J.  e V)  (2.06x10*“  m) 


(Careful!  Here,  m is  the  order 


= 25.8’. 
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Thu  is  the  only  other  one.  If  we  lei  mZX  then  Ihete  are  no  more  maxima* 

(c)  r-  "V  - (!>a(6.63xl0-1*  I'*)* 

2Md-  Un* 2(9.1 lx  10'"  kg)  (2.60x10  " ra)*  un*(60.6") 

= 7.49x10*“  J = 46.8  eV. 

Using  ihis  eneigy.  if  »e  lcl  m = 2.  iben  aaO  > 1 . Thin,  there  is  do  m = 2 maximum  in  this  caw. 

J9.17.  The  condition  for  a maximum  is  diu>0  = mA.  A = — = —.  so  0 = aii-tin  ! !.  (Careful!  Here,  m is  the  order  of 

p Mv  [Ml,} 

the  maximum,  whereas  M is  the  incoming  particle  mass.) 


la)  «n  =1  =>  (A  = arc  tin  

dMv 


= arcs  in  , L± . 1 = 2.07*. 

V (1.60x10  m)  (9.1 1x10  * kg)  (1 .26x10*  m/*)  J 

<2)(6.63xlO“*J  s)  , 

’.  0-60x10  m) (9.1 1x10  1 kg)(i-26xHr  m'l)] 

(b)  for  small  angles  (in  radians!)  y *•  DO,  so  >’,  * (50.0  cm)  (2.07’)  j ;T  **&*** 


= 1.81  cm , 


y1  » (50.0cm) (4. 14*);  — j = 3.61  cm  an!  r2-yt  =361  cm -1.81  cm  = 1.81  cm 

39.18.  IDEVTOY:  Smce  w*  know  otdy  that  tbe  mosquito  b ^OKwlxre  m tbe  room  there  is  an  uncertainty  in  its 
position.  The  Heisenberg  uncertainly  principle  tells  us  that  there  is  an  urxertainly  in  its  moiwoluin. 

SET  Up:  Tbe  uncertainly  principle  is  AxApM  £ h . 

EXECUTE:  (a)  You  know  the  mosquito  is  somewhere  in  Ibe  room,  so  the  maxuxxim  uncertainty  in  its  horizontal 
position  is  A x = 5.0  m. 

<b)  The  uncertainty  principle  gives  A xApt  £ A . and  Apt  = mAv,  since  we  know  the  mosquito's  mass.  This  gives 
AzmAv,  £ ft  . which  we  can  solve  for  Av,  to  get  the  minimum  uncertainty  in  va. 

ft  1.055x10“*  I i , 

Av  = = , =1.4x10  m/s 

m&x  (1.5x10  kgX5.0m) 

which  is  hardly  a serious  impediment! 

Evaluate:  For  son*  thing  as  “large"  as  a mosquito,  the  uncertainty  principle  places  a negligible  limitation  on 
our  ability  to  measure  Us  speed. 

39.19.  <a)  IDENTIFY  aal  SET  UP:  Use  A xApt  £ h/2x  to  calculate  Ax  and  obtain  Av,  from  this. 

EXECVTl:  Ap  2 h = 6626,10  ' 1 ‘ =1.055x10-*  ^ 


2sAx  Z.TU.CWX10  m) 


Av  . 055X10  “ hg  m^g79x|()Ji|art 

* m 1200kg 

<b)  EVALUATE:  Even  for  this  very  small  A*  the  minimum  Av,  required  by  the  Heisenberg  uncertainty  principle 
is  very  small.  The  uncertainty  principle  does  not  impose  any  practical  limit  on  the  simultaneous  measurements  of 
the  positions  and  velocities  of  ordinary  objects. 

39.20.  IDEVTOY:  Since  we  know  that  the  marble  is  somewhere  on  the  table,  there  is  an  uncertainty  in  its  pxjdtiuo.  The 
Heisenberg  uncertainly  principle  tells  us  that  there  is  therefore  an  uncertainly  in  its  momentum. 

SET  Up:  The  uncertainly  principle  is  A xApt  £ /i . 

Execute:  (a)  Since  tbe  nibble  is  somewhere  on  the  labte.  the  maximum  uncertainty  in  its  horizontal  position  is 
Ax  = 1.75  m 

<b>  following  the  same  procedure  as  in  part  (b)  of  problem  39.18.  tbe  minimum  uncertainty  in  the  hcrizoolal 
velocity  of  tbe  marble  is 

ft  1.055x10“*  J * -sx 


Av,=  — 

mAx 


= 6.03  x 10  ml* 


(c)  The  uncertainty  principle  tells  us  that  we  cannot  know  that  the  marble’s  horizontal  velocity  is  exactly  zero,  so 
the  smallest  we  coukl  measure  it  to  be  is  6.03  X 10'”  mfs.  from  part  (b).  The  longest  tin*  it  could  remain  on  the 
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39.21. 

39.22. 

39.23. 

39.24. 


39.25. 

39.26. 

39.27. 


39.28. 


table  is  the  lime  lo  travel  ihe  full  width  of  the  lable  (1.75  m).  s»  t = x/vt  = (1.75  ray(6.03  X 1C r”  m/s)  = 2.90  x 10“ 
s = 9.20  X 1014  years 

Since  the  universe  is  about  14  X 10v  years  old.  this  lime  is  about 

9.0x10*  >t  |Qi4  Qrow  the  age  of  ihe  universe!  Don't  bokl  your  breath! 

14x10*  >r  ^ 

KVAIX’ATE:  For  household  objects,  the  uncertainly  principle  places  a negligible  limitation  on  our  abihly  lo 
measure  their  speed. 

Heisenberg's  Uncertainty  Principles  lells  us  lhal  AxAp,  ^ — We  can  Heal  the  standard  deviation  as  a direct 

measure  of  uncertainty.  Here  AxAn .=Q2x\(Tl§  m) (3.0x10"“  kg  tn.*)  = 3.6x10'“  J shut  h = 1.05x10'*  J •* 

2t 

Therefore  A xAn  < — so  the  claim  is  not  valid. 

2.T 

(a)  (Ax)  (/nAv,)^  */2.t.  and  setting  Av,  =(0.010)v4and  the  product  of  the  uncertainties  equal  lo  h/lz  (foe  ihe 
mimnxim  uncertainty)  gives  vM  = A/(2.twi(0.010)Ax)  = 57.9  m/s. 

(by  Repeating  with  the  proton  mass  gives  31.6  mm/s. 

A £ > — = 16  63X 10  ~ ’ 0 = 203 x 10-"  1 = 1.27x10-“  cV. 

2rAl  2.t(5-2*10  s) 


iDEvnrv  anil  SEI  Up;  TV  Heuenbeig  Uncertainly  Ptmciple  says  AiAp,  2 — . The  minimum  allowed 
AxAp.u  hllK.  Ap  = mAv  . 


Al  . h 4 ^ a _ . ..a 

Execute:  (■)  mAiAv  = — . A»  = = , — =3.2xl(r  m^s 

2k  IrmA.i  2f(l  .67x10"'  kg)(2.0xl0u  m) 


lb)  A»  = 


5.63xlCTMJ» 


6.63x10-“  J * 

=4.6x10-*  m 


2?mAv  2ff<9. 11x10*"  kg)(0.250  mf*> 

A£Al  = A . A£  = — = <663*Kr>';l»>  = 1.39X10-“ I = 8.69x10* eV  =0.0869 MeV. 
2r  2-tAi  2.1(76x10""  s) 


A£  _ 0.0869  MeV.!1 
~E  3097  MeV  c' 


= 2.81x10-’. 


ABM  = — . A£  = Ami1.  Am  = 2.06x10*  eV/c*  = 3.30X  10*"  l/c*. 

h 6.63x10"“  Js  - 

Ai  = r = — = 3.20x10**. 

2eAmc'  2c(3.30xKrl*  J) 

IDENTIFY  and  SET  UP:  Focaplxilun  £^  =^j=  IW,l'J — — . Foe  an  etectroo  £ =£_  = _Lj^; 

Fxecx-TE:  (->^^=1^1^  = ,. 99X10-’  I 

elecuc  £.= ^2^2^-—=  2.41x10*1 

2(9.11x10-"  kgXlO.OxlO*  m)1 

1 =826x10* 

£.  241x10""  J 

(b)  The  electron  hat  much  less  energy  so  woukl  be  lew  damaging. 

Evaluate:  Foi  a particle  with  maav.  such  as  an  elecdua.  £ - 2~>.  Foe  a mastless  photon  £ - A4. 

(a)  ,V  = £ = £l  = l*ill.  soV  =15-— 11  = 419  V. 

lm  2m  2me 

9 llXlO01  kit 

(b)  The  voltage  is  reduced  by  the  ratio  of  the  particle  masses,  (419  V)-— _,T  = 0.229  V. 

1 .67  x 10  kg 

Ideytify  and  SET  UP:  y(x)  = Asinlx.  The  position  probability  density  is  given  by  \p(x)f  = A2 sin2 lx. 

EXECUTE:  (a)  The  probability  is  highest  where  an  Ax  = 1 so  kx  = 2xx!A  = ntf /2.  n = 1.  3,  5.  . 
x = iU/ 4.  n = L 3.  5,  ..sox  = i/4,  3A/4,  5A/4,  .. 


39.29. 


39-6  Chapter  39 


39.30. 

39.31. 


39.32. 


39.33. 

39.34. 

39.35. 


(b)  The  probability  of  finding  the  particle  is  zero  where  =0.  which  occurs  when:  unh  - 0 and 
kx  = 2sx/A=nX.  ji=0.  1.  2.... 
x = nA/2.  n = 0.  1.  2.  ..  sox  = 0.  >1/2.  >4.  3>l/2f... 

Evaluate:  The  situation  is  analogous  to  a standing  wave,  with  the  probabihty  analogous  to  the  sejuare  of  the 
amplitude  u!  the  standing  wave. 

4**  = sin<uf.  so  fpf  = |4/*'F|  = yVsin2<uf  = |/|2sin2  <ot.  |4'|2  is  not  time- independent  so  Y is  not  the 
wavefunebun  foe  a stationary  slate. 

iDEvnrY:  To  describe  a real  situabon.  a wave  funebon  must  be  normalizable. 

SET  Up:  \y?  dV is  the  probability  that  the  particle  is  fouixl  in  volume  dV.  Since  the  particle  must  be  somewhere. 
y must  have  the  property  that  Jlpf  dV  = 1 when  the  integral  is  taken  over  all  space. 

Execute:  (a)  In  one  dimension,  as  we  have  here,  the  integral  discussed  above  is  of  the  form  | pt*)  f dx  = 1. 
(b>  Using  the  result  from  part  (a),  we  have  J __(e"  fdx  = J^e2"dx  = *— 


= »>.  Hence  this  wave  (unction  cannot 


be  normalized  and  therefore  cannot  be  a valid  wave 
(c)  We  only  need  to  integrate  this  wave  function  of  0 to  ' because  it  is  zero  for  x < 0.  For  normabzabon  we  have 

i -u*  . A 


=\_\ytdx  = \ (*-)W  A^dx=21 


lb 


= ^.»hK*g..«^  = l.«,  A = j2b. 


Evaluate:  If  b were  positive.  the  given  wave  fuiKtkin  coukl  do*  he  nonnalired.  so  il  would  no!  be  allowable, 

(a)  Tbe  uncertainly  in  the  particle  portion  is  proportional  lo  Ibe  widlh  of  v(»).  and  is  inversely  proportional  lo 

•Jo.  This  can  be  seen  by  eillKi  pkHling  the  function  for  dillcrent  values  of  a.  finding  Ibe  expectation 
value  \x')  = j oVdi  lot  Ibe  normal (ed  wave  function  or  by  finding  Ibe  full  widlh  al  half-nsuimum.  The 
particle's  uncertainly  in  position  decreases  wilh  increasing  a.  The  dependence  ol  Ibe  expectalion  value  <**!  on  a 
mav  be  found  by  considering 


B 


<**)==* 


1 a 

2 do  I i 


f-‘dU 

2 da  J 


when:  the  subsutuboo  u = yfax his  been  made. 

(b)  Since  the  uncertainty  in  position  decreases,  the  uncertainty  in  momentum  must  increase. 


,(x.y,= \*±  and /*<,.*=' 
x+iy, 


= //  = 


x — 


ilii  =L 

*-v 


-ly,  • • 1 x+ty 

The  same.  [rfx.y.flf  = p'(x.y.tV(».y.l) 

|y<x.y.,-y'|'  = </<x.  y.  ;)e-')(y  (x.  y.  r V*-(  = </(x.  y . ;Mx  y.  z). 

The  complex  conjugate  means  convert  all  r's  to-f  s and  vice-versa,  e*  c~*  =L 
IDEvnrY:  To  describe  a real  situabon.  a wave  funebon  must  be  normalizable. 

SET  Up:  I \y?  dv  is  the  probability  that  the  particle  is  fouixl  in  volume  dV.  Since  the  particle  must  be  somewhere . 
p'must  have  the  property  that  |l  y I2  dV=  1 wben  the  integral  is  taken  over  all  space. 

Execute:  (a)  For  normalizabon  of  the  one -dimensional  wave  funebon,  we  have 


=j>«>  * = 


e-2** 
+ 

— 

-2b 

> 

= which  gives  A = -Jb  = %'2.00  m"1  = 1.41  m 

(b)  The  graph  of  the  wavefuneboo  versus  x is  given  in  Figure  39.35. 

(c)  (i)  P=  | Jp'l2  dx  = 2J  j A2c~***dx . where  we  have  used  the  fact  that  the  wave  funebon  is  an  even 
function  of  x.  Evaluating  the  integral  gives 

^■>-,)=±fQ°L>(^-l)=0.g65 


F=  - 

b % ' 2.0) 

There  is  a little  mixe  than  an  8W  probabibtv  that  the  particle  will  be  found  within  50  cm  of  the  origin. 
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39.42. 


39.43. 


39.41. 


IDE.YT1FV:  The  electrons  behave  like  waves  and  produce  a double-sltf  interference  pattern  alter  pasting  through 
the  slits. 

SET  Up:  live  first  angle  at  which  destructive  mterfereexe  occurs  is  given  by  ft  sin  0=  A/2.  The  de  Broghe 
wavelength  of  each  of  the  electrons  is  A - Mnv. 

EXECUTE:  (a)  First  find  the  wavelength  of  the  electrons.  Fur  the  first  dak  Hinge,  we  have  d sin  ft=  A/2.  which  gives 
(125  nmXsin  18.0’)  = A/2  . and  A = 0.7725  nm.  Now  solve  the  de  Broglie  wavelength  equation  lor  the  speed  u!  the 
electron: 


h _ 6.626x10"“  J * 

ml_  (9.11X10"”  kgX0.7725xlO**  m) 


= 9.42  X 101  ia/% 


which  is  about  0.3%  the  speed  ol  light,  so  they  are  mmrelalhinic. 

<b)  Energy  conservation  gives  eV  = W mv)  anil 

V = mv'Ot  = (9.1 1 X 10""  kgX9.42  x 101  m)'/I2(1.60  x 10""  C)|  = 252  V 
EVALUATE:  The  hole  must  be  mixh  stroller  than  the  wavelength  of  visible  hghi  fee  the  electrons  to  tAow  ddlraction. 
iDEVnrVi  The  alpha  particles  aid  protons  behave  as  waves  and  exhibit  circular-aperture  diffraction  alter  passing 
through  the  bole. 

SET  Up:  For  a round  bole,  the  first  dark  ring  occurs  at  the  angle  ftfor  which  sin  ft = 1.22 A/D.  where  D is  the 
diameter  of  the  bole.  Use  de  Broglie  wavelength  for  a particle  is  A = h/p  = h/mv. 

EXECUTE:  Taking  the  ratio  of  the  sines  for  the  alpha  particle  and  proton  gives 

sin  ft.  _l.22A._A. 
naiT~  122A,  Tf 


The  de  Broglie  wavelength  gives  >v  = h/p,  and  A.a  = h/p „ so  >lng*  = *"  P‘  = — . Using  K = pV2m.  we  have 

h/pr  p. 


p = •JimK  . Siore  the  alpha  particle  has  twice  the  charge  ol  the  proton  and  both  are  accelerated  through  the  same 
potential  dillereoce.  K„  = 2 Kr  Therefore  p,  = *2 m,K,  and  p.  = J2mj(.  = j2m.{2K,)  = j*n.K,  . 
Substituting  these  quantities  into  the  ratio  of  the  sines  gives 

smft,  _ P,  _ V2"1,*,  _ 

'a  ~ 


tint/ 


Solving  for  Mn  ft,  gives  sin  ft.  = 


1.67x10"^  kg 
2(6.64X10"'’  kg) 


anl5.0‘  and  ft.  = 53". 


Evaluate:  Since  sin  ftis  inversely  proportional  to  the  man  of  the  particle,  the  larger-mass  alpha  particles  form 
their  first  dark  ring  at  a smaller  angle  than  the  ring  for  the  lighter  protons. 

iDEVnrV:  Both  the  electrons  and  photons  behave  like  waves  and  exhibit  single-sht  dillraction  after  passing 
through  their  respective  slits. 

SET  Up:  The  energy  of  the  photon  is  E = he/ A and  the  de  Broglie  wavelength  of  the  electron  is  A - h/m\-  - h/p. 
Destructive  interference  for  a single  slit  fust  occurs  when  a sin  ft  = A 

Execute:  (a)  For  the  photon:  A = hc/E  and  a sin  ft  = A.  Since  the  a and  ft  are  the  same  for  the  photons  and 
electrons,  they  must  both  have  the  same  wavelength.  Equating  these  two  expressions  for  A gives  a sm  0=  hc/E. 

For  the  electron.  A = h/p  = -Jl and  a sin  ft=  A.  Equating  these  two  expressions  for  A gives  a sin  ft=  -Jl. 

v'lm/T  s' 2m  A' 


Equating  the  two  expressions  for  min  ft  gives  hc/E 
cJ2mK 


which  gives  E = cs'2mK  = (4.05x10"’ 


N'2mA' 

Si&re  v « r.  me2  > A.  *o  the  square  root  is  >1.  ‘nxcefore  E/K  > 1.  meaning  Ihit  the 


,b>*  = 

photon  has  more  energy  than  (he  electron. 

Evaluate:  As  we  have  seen  in  Problem  39. 10.  when  a photon  mil  a particle  have  the 
photon  has  more  energy  than  the  particle. 


wavelength,  the 


According  to  Eq.(35.4)  A = 


d sinft  (40.0 xlO-4  m>tin(0.0300  rad) 


= 600  nm  The  velocity  ol  an  electron  with 


this  wavelength  is  given  by  Eq.(39.1) 


[6.63x10"“  J-s) 


= t = 2L=  „ =1_21xl0.m,, 

m nv.  (9.11X10"11  kgM6O0xlO“*  m) 
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39.50. 


39.51. 


39.52. 


39.53. 


39.54. 


39.55. 


2.t(5.0x10*45  m) 

(b>  K = yj(pc)1  +(mc1)2  -iwc1  = 1.3x10""  J =0.82  MeV. 

(c)  The  result  of  part  (b\  about  1 MeV  = 1x10*  eV  . is  rainy  orders  of  magnitude  larger  than  the  potential  energy 
of  an  electron  in  a h>\irogen  atom. 

(a)  Identify  aal  Set  Up:  AxApM  Zh/2x 
Ertixnalc  Ax  as  Ax  - 5. 0x10"“  in. 


EXECUTE:  Ibeo  tlx  minimum  allowed  An  is  Ap,  «■ 


6.626xlO"M  i s 


= 2.1X10"*  kg  rate 


2xAx  2*(5.0xl0"“  m) 

(b)  IDENTIFY  and  SET  Up:  Assume  p - 2.1x10"“  kg  m's.  Use  Bq.(37.39)  to  calculate  E.  and  then  K = E-mc\ 
Execute:  E=J(mc'?+(i>f? 

mc‘  = (9.109x10-"  kgM2.998xl0*  m/s)*  =8.187xl(H*  ) 
pc  = ( 2.1xl0'i>  kg  • m's)(2.998x  10*  m/s)  = 6.296xl0‘"  J 
£ = „i’(8. 1 87 x 10*“  J)'  * (6.296X  1CT1'  J)‘  =6.297xl(Tu  J 

A'  =E-mc‘  = 6297x10'“  J-Eir/XlO-"  J = 6215x10'“  J(1  e\71 .602x10'“  J)  = 39  MeV 

(c)  iDEvnrv  mil  SET  Up:  The  Coulomb  potential  energy  lor  a pair  of  point  charges  is  given  by  Eq.(23.9).  The 
proton  has  charge  ♦<•  and  the  electron  has  charge  -e. 

..  *e!  <8988x10*  N-m*/C*X1.6Q2xlO'"  C)!  ....  „ 

r 5.0x10-'  m 

Evaluate:  The  kinetic  energy  of  the  electron  required  by  the  uncertainty  principle  would  be  much  larger  than 
the  magnitude  ol  the  negative  Coulomb  potential  energy.  The  total  energy  of  the  electron  would  be  large  and 
positive  and  the  electron  could  not  be  bound  within  the  nucleus. 

(a)  Take  the  direction  of  the  electron  beam  to  be  the  i -direction  and  the  direction  of  motion  perpendicular  to  the 

. . . Ap  h 6.626x10""  Js  „„  , 

beam  to  be  tlx  v-direction  Av  = = = . = 0.23  m/s 

' m 2/fmAy  2«(9.11XlCTH  kgM0.50xl0'J  m) 

(b>  The  uncertainty  Ar  in  the  position  of  the  point  w here  the  electrons  strike  the  screen  is 


At  = AvJ  = —’■  — = 

m v,  2anAy  J2X]m 


= 9-56x10'"  m. 


(c)  This  is  far  tixi  small  to  allect  the  clarity  of  the  picture. 

IDEvnrv  and  SET  UP:  AEAl  2 . Take  the  minimum  uncertainty  product,  so  A£  = “,<b 

Ar  = 84x10'”  s.  m = 264m..  Am  = ^£. 

Execute:  A£=  = U6xlQ-J.  Aw  = -1  1 , ■■4X.Q-*  kg. 

2t(8.4x  10",?  s)  (3.00x10  rn/s)1 

— = 'AXi(r*%  =5-8x10* 
at  (264119.11x10  kg) 

IDE-Vnr*:  The  insect  behaves  like  a wave  as  it  passes  through  the  bole  in  the  screen. 

SET  Up:  (a)  For  wave  behavior  to  show  up.  the  wavelength  of  the  insect  must  be  of  (he  coder  of  the  diameter  of 
the  hole.  The  de  Broglie  wavelength  is  A = A/niv. 

Execute:  The  de  Broglie  wavelength  of  the  insect  must  be  of  the  order  of  the  diameter  of  the  hole  in  the  screen, 
so  A 5.00  mm.  The  de  Broglie  wavelength  gives 


A 


6.626x10""  J-s 


mA  (1.25x10"*  kg) (0.00400  m) 


= 1.33  X 10^’  m's 


(b)  l = x/v  = (0.000500  mV(1.33  x 10'“  in's)  = 3.77  X 10“  s = 1.4  X 10"  yr 

The  universe  is  about  14  billion  years  old  <1.4  X 1010  yr).  so  this  time  would  be  about  85.000  times  the  age  of  the 
nnivene. 

Evaluate:  Don't  expect  to  see  a diffracting  insect!  Wave  behavior  of  particles  occurs  only  at  the  very  small  srale. 
1DE.YTIFY  and  SET  Up  Use  Eq.(39.1)  to  relate  your  wavelength  and  speed. 

Execute:  (a)  A = soi  = -i-=  6626<KI  H ’ * =i.lxl<r“  in's 
mv  mu  (60.0  kgX  1.0  m) 
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39.62. 


39.63. 


39.61. 


(b)  IDENTIFY  and  SET  Up:  Use  the  uncertainly  principle,  expressed  as  ApAx  » h . am!  as  in  Problem  3950 
estimate  A p by  p and  Ax  by  x.  Use  this  to  write  the  energy  £ of  the  particle  as  a func  tion  of  x.  Find  the  value  of  x 
iH^i  gives  the  minimum  E and  then  find  the  minimum  E. 

Executb:  E = K+U  = £-+A\>\ 
px*h,  top  h/x 
h‘ 


Thro  E • 

I'ox  x>0,E  = 


to?**™ 
h1 


Aa 


To  find  the  value  of  x that  gives  mnunxim  £ set  — = 0. 


, h*  A ( h* 
x and  x = 


.•  i 


mA  \ mA 

With  this  x the  imtumum  E is 


f2  V*  ( n | 

— ~ + A _ 

2»i7  mA  2 


E = 


,ih‘A‘ 


Si 


Evaluate:  The  potential  well  is  shaped  like  a V.  The  larger  A is  the  steeper  the  slope  of  U and  the  smaller  the 
region  to  whkh  the  particle  is  confined  and  the  greater  is  its  energy.  Note  that  for  the  x that  minimizes  E1K=U. 
For  this  wave  fraction.  'P*  = y,V  'f  + v so 

(VlV* + + v/4*) = ytV, + vfo ♦ 

The  frequencies  » •/,  and  rti2  arc  given  as  not  being  the  same,  so  |*P|S  is  not  time-independent  and  H*  is  not  the 
wave  function  foe  a rtationary  a tale. 

The  time -dependent  equation.  with  the  separated  feem  for  Y(t.l)  as  given  becomes 


ihw(-fcj)  = 


ft1  d\ 

Imd? 


Since  \)  is  a solulloa  of  the  time-milepenilenl  solution  with  energy  E.  the  term  in  parenthesis  is  and  a> 

mA=£.andn»=(E//>X 

. . , , 2r£  £ , 2r  It  p . _ „ p2  tf*)1  fit2 

(.)4U=2t/=_=-.  *=T  = T£  = --  ^=B=K  = -=—^=—. 

(b)  From  Problem  39.63  the  lime -dependent  Schrddmger’s  equation  is  _ f|  di.fx./)^ 

2m  ax 

UixMx.  t)=ihh«*!l.  U (x)  = 0 for  a free  particle.  so  = -*SL 

d/  dx  ti  at 

Try  p(x.  t) = coo(£x-  a*) : 

dr 

^ = -At  5in(ix - of) and  = At 2 cos(tx - <u/). 

ax  dr 

i 2mi 

Putting  this  into  the  Schrbdmger’s  equation.  At2  co*(tx  -<of)  = -|  j Am  san<Ax  -zvl). 

This  is  not  generally  true  fee  all  x and  t so  is  not  a solulicn. 


r.  r)  = Am  san(tx  - eat ) 


»V 
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39.65. 


39.66. 


39.67. 


(c)  Tryi*x.r)  = Asin(£x-mr): 


a i 


= -Ato  c<xs(ta  - cut) 

= Ak  coitkx-t  d)  anJ  ^ = -Ak1  sin(Ux  - ruf). 


r so  u nix  a soluboa. 


Again  -Ak1  sin(*x  - mf)  = -m  Ai  t coi(kx  - crA)  b not  generally  Ime  lor  alt  x ami 

(d)  Try  v{x.  t)  = A co*(kx-t.vt)  + B sin(£x  - for) : 

**"[*' *^  = +^y  sictfUt  - at ) - Bvj  cos ikx  - &l) 
w 

^-^^  = -Akiin(kx-(rA)*Bkcoiikx-r>t)  arxl  ^ ^ = -Ak1  COt((kx  - &»/)  - Bk2  %it^kx-cot). 

lilting  this  into  the  SchrtHlmger’s  equaboo. 

-Afc*cos(fa  - at)  - Bk 1 wn (kx  - at)  = (+An>  s m(kx  - irA)  - Bi  t COMx  - for)). 


kk* 

Recall  that  e>  = -1— . Collect  sin  and  cos  terms. 

(i4  + i«*‘cortta-^  + M-B)*1»in(ta-  rrrt)  = 0.  This  it  only  true  if  B = 1.4. 

(a)  IDENTIFY  anl  Srr  UP:  Lei  the  y-direeboo  be  (loin  the  thrower  to  Ibe  catcher.  and  lei  Ibe  i -direction  be 
hotitoolal  and  perpendicular  to  the  y-direebon.  A cube  with  volume  V'  = 125  cm*  =0.125x10'’  m*  har  side  length 
/ = V,,=(0.125xl0'’  m’)"’  =0.050  ra  Thus  ertimale  A*  at  A««  0.050  m.  Use  Ibe  uncertainly  principle  to 
estimate  An 


EXECUTE:  A«Ap.  ih!2n  Ihenpves  An.  “ 


0.0663  J 1 


=0.21  kg -m/s 


2*5*  2«(0.050  m) 

(The  value  o<  h m this  other  universe  has  been  used.) 

(b)  iDEVnrv  and  SET  UP;  A * = <Av()f  is  ibe  uncertainly  in  Ibe  *-coordinate  of  ibe  ball  when  il  reaches  Ibe 
catcher,  where  I is  Ibe  lime  il  laker  the  ball  to  reach  the  recool  student.  Obtain  Av_  from  A pl. 

An  0.21kir-mfc 

EXECUTE:  The  uncertainly  in  the  ball’r  horizontal  velocity  is  Av,  = — = — ^ — = 0.84  m/s 

The  lime  il  lakes  Ibe  ball  to  travel  to  Ibe  second  rludenl  is  f = — "—  = 2.0  s.  The  uncertainty  in  the  (-coordinate 

6.0  m/s  ’ 

of  ibe  ball  when  il  reaches  Ibe  second  rludenl  that  is  introduced  by  Av_  is  A*  = (Avi)t  = (0.84  m'iXZ.O  s)  = 1.7  m. 
The  ball  could  misr  the  second  rludenl  by  about  1.7  m. 

Evaluate:  A game  ol  catch  would  be  very  different  in  this  tmiverre.  We  don't  nolke  Ibe  elleclr  of  the 
uncertainty  principle  in  everyday  life  because  Ms  to  small. 

(a)  p|  = A'*VJ,jJ,‘>'*‘,).To  save  some  algebra,  lei  u = *i,solhal  |y|*  ■ ue'^/fy.i). 

Ah.l'  = (1  - 2au)|s> f ; the  maximum  occurs  at  n>  = >c  = ±— — . 

dw  2 a yj2 a 

(b)  y vanishes  At  x = 0.  so  ibe  probabdrty  of  finding  the  particle  in  Ibe  x = 0 plane  is  zero.  The  wave  function 
vanishes  for  x = ±». 

(a)  Identify  anJ  SET  UP:  The  prubabdity  is  P=  dV  with  JV  - AxSdr 
KXECVTE:  f = A so  P = 4/r A2 dr 


(b)  Identify  and  SET  Up:  P is  maximum  w Vie  — = 0 

dr 


KXECVTE:  — (rV—*  ) = 0 

dr 

2re~“°‘  -4ar‘e~u,‘  = 0 anl  this  reducer  to  2r-4tfr’  =0 

r = 0 is  a sotubcm  of  the  equation  but  correrponls  to  a minimum  nut  a maximum.  Seek  r not  equal  to  0 so  divide  by 
rarxl get  2-4</r1=0 
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39.68. 


39.69. 


39.70. 


This  give*  r - (We  took  the  positive  square  root  sii*e  r must  be  positive.) 


i i 


EVALUATE:  Tins  u different  from  the  value  of  r.  r = 0.  where  |y|  is  a maximum.  At  r = 0.  | has  a 

maximum  but  the  volume  element  dV  = Axr2dr  is  zero  bexc  jo  P does  not  have  a maximum  at  r = 0. 


(a)  B(k)  = e 


-M 


B(0)  = B^  = l 


mk%)=±=4r',t  =>w/2)=-o*kZ  =*,=iv'ta(2j=,u,. 

& 


(b>  Using  integral  table*:  v{*>  = J(  e""1*1  cotkxdt  = ).  ^(«)  15  a maximum  when  i = 0. 


V' 


> 


(c)  i»(*»(=^wh«e'<'*^=-»^.=to(,/2)  ^>\=  2aja2  = 

|d)w=te],,.=^lVEl)(MJE)=±(a,a=*^. 


I 


(a)  vt«)=  I B(k) co» 


= [*•  1 
Jo  t, 


tui  itv 


V 


>V 


lb)  iv(«)  has  a maximum  value  at  Ihe  origin  » = 0.  v-(»c)  = 0 “hen  = a SO  x0  = — . Thus  the  width  ol  thu 

*c 

(unction  vr,  = 2%  = — . 1/  *,  = — . w,=L  B(k)  vetKU * i>  graphed  in  Hgurc  39.69a.  The  graph  o ( v<x)  veraiu 
*o  *■ 

« i*  in  Figure  39.69b. 


(c)Il  kc  = -w,=2L 


Id)  H.  h,  = j — = ^L  = ^L  = A.  The  uncertairty  principle  Mates  that  ww,Z  — . Bn  us.  do  matter  »bat 

V 2*  I k,  k,  k.  2x 


t,  U.  = h.  which  15  greater  than  — . 


5-.I 


1 ,,  j-l  1.1 

la)  Bn  a standing  wave.  nA  = 2L.  and  £.=-i—  = — ^ ^ 

(b)  With  h = a,  =0.5292x10'“ m. £ = 2.1Sxir” J =134eV. 
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39.71.  Time  ol  flight  of  the  marbfc.  frocn  a free-fall  kinematic  equation  is  Jurt  / = ° = 2 26  * - 

A*,=A«(+(Av,*=A*(  + 


To  minimize  Ai  «ith  reipcct  to  Ax  . 1/1  =0  = - — . + 1 

' ^ 1 d(Ax)  IxmiAxY 


> Ar  (min)  = 


->  Ax.(min)  = 


Iht  _ iKe.tlxUT14  J sX2.26s) 
m~\  .t  (0.0200  kff ) 


= 2.18xiG*l<  ra  = 2.18xl0'?  oin. 


Quantum  Mechanics 


40 


10.1.  IDENTIFY  and  SET  Up:  The  energy  level*  foe  a particle  in  a box  arc  given  by  E = 


E2T 


Execute:  (a)  The  lowevt  level  is  for  n = 1.  and  E^  = M6  6~6xI° — lj*L  = i^xlO**1  J. 

8(0.20  kgX  1.5  m) 

(b)  £ = imv2  w v = , = I * Xl0"“  m/j.  If  the  ball  has  this  speed  the  time  it  would  take  it 

to  travel  from  one  aide  of  the  tabic  to  the  other  is  i = — — = 1.4x10**  5. 


(c)  £1  = T.  E2  =4£^.  so  A£=E1-£;  =3^  =30  2x10*^  J)  = 3.6x10^  J 


4Q.Z.  L = 


(d)  Evaluate:  No.  quantum  mechanical  effects  arc  not  important  foe  the  game  of  billiards.  The  discrete, 
quantized  nature  of  the  energy  levels  is  coirfiletely  unobservable. 
h 


(6.626x1 O'*4  J s) 


L=-  =6.4X10  ~ m 

^8(  1.673x1  O’*  kg)(5.0xl0*  e V)(  1. 602x1 O’ ,v  I/eV) 

40.3.  iDEVnry:  An  electron  in  the  lowest  energy  slate  in  this  box  roust  have  the  same  eoergy  as  it  would  in  the  ground 
slate  of  hydrogen. 

SET  Up:  The  energy  of  the  na  lewl  of  an  electron  m a box  is  E%  - 

Execute:  An  electron  in  the  ground  slate  of  hydrogen  has  an  energy  of  -13.6  eV.  so  find  the  width 
corresponding  to  an  energy  of  = 13.6  eV.  Solving  foe  L gives 

L = jL-= (6-626>UrU,t> = 1 ,66x 10-”  m. 

JKmEi  ^ift(9.1 1x10“* 1 kgX13.6eV)(1.602xi(Tlf  J;eV) 

Evaluate:  This  width  is  of  the  saroe  onfcx  of  magnitude  as  the  diameter  of  a Bohr  atom  with  the  electron  in  the 
K shell. 

40.4.  (a)  The  energy  of  the  given  photon  is 

C = ^=Al  = (6.63xl0-,,J-,)13  00,110  .ID')  = 1.63x10-*  J. 

A ' (122x10  m) 

The  eoergy  level*  of  a particle  m a box  are  given  by  Bq.40.9 

A *=  *„.-">>•  L=  |*S>=  | (6.63x1Q--J-,)^g^  = 3 33x|lr,.m 
8 mV  \)  8mA £ ^8(9.11xltr  kgX1.63xl0  J) 

(b>  The  ground  Hale  energy  for  an  electron  in  a box  of  file  calculated  dimensions  is 

E = ■ ' — Lll — ^ = 5.43x  10""  J = 3.40  eV(ooe-third  of  the  original  phirtoo  eoejgv). 

WT  8(9.11x10-'-  kg>(3.33xlO  u m)‘  ^ 

which  does  mX  cotrespcmd  lo  the  -13.6  eV  ground  stale  energy  of  the  hydrogen  alom.  Note  lhal  Ibe  eoergy  levels  for 
a particle  in  a box  are  proportional  lo  n!.  whereas  the  energy  levels  for  Ibe  hydrogen  alom  are  proportional  lo 
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40.5. 

40.6. 

40.7. 


40.8. 

40.9. 


IDENTIFY  and  SET  Un  Eq.(40.9)  give*  (he  energy  level*.  Use  this  to  obtain  an  expression  lor  El-Ei  and  use  the 
value  given  lor  this  energy  different  to  solve  lor  L 

h1  Ah2 

Execute:  Ground  stale  energy  is  £,  = r ; first  excited  slate  energy  is  El  = The  energy  separation 

8mL  8 mL 

3Ji2  1 3 

between  these  two  levels  is  A E = E1-Et  = — ■ 2 This  gives  L = hi——  = 


L = 6.626x10  J i | n „ =6.1x10'“  m =0.61  ora 

1 8(9.109x10'*'  kg)(3.0  eVK1602xl0'1  J/l  eV) 

Evaluate:  This  energy  diilerence  is  typical  lor  an  atom  and  L is  comparable  to  t be  size  of  an  atom. 

(a)  The  wave  Auction  for  #i  = l vanishes  only  at  x=0and  x-L  in  the  range  0Zx£L 

(b)  In  the  range  foe  x,  the  sine  term  is  a maximum  only  at  the  middle  ol  the  box.  x = Z./2. 

(c)  The  answers  to  parts  (a)  rod  (b)  are  ccmsislent  with  the  figure. 

Identify  and  SET  Un  For  the  n = 2 first  excited  slate  the  normalized  wave  function  is  given  by  Eq.(40.1 3). 
y2(x)  = (£si nj  . ^(x)f  dx  = ^sin2  j dx.  Examme  ||r2(x)|*  dx  and  lind  where  it  is  zero  and  where  it  is 


Execute:  (a)  \y>  f <lx  = 0 implies  sinj  — - j = 0 

= m =0.  1.2. ; x = m(U2) 

For  in  = 0.  x = O for  u = li  = U2:  for  m = 2 x = L 

Tlie  probability  of  fmding  the  particle  is  zero  at  x = 0,  U2.  and  L. 

(b>  UyJ2<£r  is  maximum  when  sinj  j = ±l 

L 

= mdrlix  m = 1.  3. 5. . . . ; « = m( t/4) 

For  «n  = l.  i = U4:lot  m = 3.x  = 3U4 

The  probability  of  fmding  the  particle  is  largest  at  x = U4  and  3UA. 

(c)  Evaluate:  The  answers  to  part  (a)  correspond  to  the  zeros  of  shown  in  Hg.40.5  in  the  textbook  and  the 
answers  to  part  (b)  correspond  to  the  two  values  of  x where  in  the  figure  is  maximum. 

= -k  V.  and  fee  1/  to  be  a solution  of  Eq.(40.3).  k 1 = E **’T  ™ = E^Z. 
dx  h h 

(b)  The  wave  function  must  vanish  at  the  rigxl  walls;  the  given  functico  will  vanish  at  x = 0 for  any  k . but  to 
vanish  at  x = LkL  = nz  fee  integer  n. 

(a)  IDENTIFY  aixl  SET  UP:  y = A cos Ax.  Calculate  dy2/dx2  and  substitute  into  Eq.(40.3)  to  see  if  this  equation  is 

satisfied. 

A*  -V 


EXECim:  Eq.(403): 


br>m  d? 


= A(-k  sin  fa)  = -At  sin  fa 


^~-  = -Ak(k<xi%kx)  = -Ak'i<uki 

li 

Thus  Eq.<40.3)  requires  --p-(-A*'c<*fa)  = £(Acosfa). 


h‘k‘  „ . J5S  Jim 

Thu  says  - — k = 


IfV 


[hi  2x) 


V = Acoakx  is  a sokitiuo  lo  Eq.(40.3)  if  * = 


j2mE 


(b)  Evaluate:  The  wave  f uniboo  foe  a panicle  in  a box  with  rigid  walls  ai  x = 0 and  x = L must  satisfy  the 
boundary conditions  i>  = 0at  i = 0and  i»  = 0at  x = L y(0)  = /tcosO  = A.  since  CO»0  = 1. Thus  y isootOat 
x = 0 and  this  wave  functicm  isn’t  acceptable  because  it  doesn't  satisfy  the  required  boundary  condition,  even 
though  it  is  a solution  to  the  Scbrbdinger  eq 


ics  40-3 


40.10. 


40.11. 


40.12. 


40.13. 


40.14. 


(a)  The  third  exerted  stale  is  n = 4.  so 


*£=(4‘-.,A= . -5.78x1  O'"  J -361  cV. 

8mL  8(9.11x10  kgXO.  125x10  m)* 


(b,  A=±J6a*l^J  'W*l(f'*K>MOB> 

A£  5.78x10"*  J 

Recall  A = — 

p yjlmE 

h*  h 

(a)  £j  = 7 ~>A,  = — — ^ = 2L  = 2(3.0x10"^  m)  = 6.0X  10"10  m.  The  wavelength  is  twice  the  width  of 

faiL  \j2mh  /8mL 

. , * (6.63x10"*  J i)  __ 

the  box.  p.  =—*  = n = 1.1x10^  kg  m's 

>1,  6.0x10  in  * 

4/i2 

(b)  £2  = ~ Ai  = L = 3.0x1 0“*'  m.  The  wavelength  is  the  same  as  the  width  of  the  box. 

pl=j-=2Pl=22xl<r*  kgm\. 

(c)  £,  = :^_T  =1l  = 2.0x  10"4*  m.  The  wavelength  is  two-thirds  the  width  of  the  box. 


p,  = 3/^  =3.3xKT*  kg  m/s. 

iDEVnrY:  If  the  given  wave  function  is  a solution  to  the  Schrddinger  equation.  we  will  get  an  identity  when  we 
substitute  that  wave  function  into  the  Schrddinger  equation. 

SET  Un  We  must  substitute  the  equation  'Y(xJ)  = I—  sin]  \e'^A  into  the  ooe -dimensional  Schrddinger 


2m  dxl 


+ f J{x)y{x)  = Ey{xY 


EXEOTYV:  Taking  the  secood  derivative  of  'V(x.t)  with  respect  to  x gives  d f>  =-j  ^ ( y(r./) 

Substituting  this  result  inlo  ♦ f/(x)p'tr)  = Ep(x).  we  gel  — ’ — j 'K(i./)  = n/(i./)  which 

2m  dx  2m  V L ) 

ti1  1 nJT  1 

gives  £;  = — . the  energies  of  a particle  in  a box. 

Evaluate:  Since  this  process  gives  us  the  energies  of  a particle  in  a box.  the  given  wave  luixtion  is  a solution 
to  the  Schrddinger  equation. 

(a)  Eq.(40.1):— ^£+fAr  = 


Lett-hand  isde: 


2m  dx* 

d 


ft1*1 


; rIA5m*»)»C(y4*mti  = -r- AMDt>+l/,^unta=;  — •*!/,  |v«. 


A 111  .111 

But  — i-+(/0>t/#>£  for  constant  k.  But  — -+U0  should  equal  £ =*  no  solution. 

2m  2m 


r,‘k‘ 


(b)  II  E > Uc.  then  — — + U(l  = E is  consistent  and  10^1  = Alin  *1 1*  a solution  ot  Eq.(40. 1)  lot  this  caw. 
According  to  Eq.(40.17).  the  wavelength  ol  the  election  inside  ol  the  square  well  is  given  by 
* = — m—  — 2 ; h By  an  analysis  siraihi  to  that  used  to  derive  Eq.40. 17.  we  can  show  that  outside 


;hc 


4.= 


J2mfE-Ut)  ~ J2M2L\, 


Thus,  the  ratio  ol  the  wavelengths  is  _ r 

A j2mt2U.)  V2 


40-4  Chapter  40 


40.15. 


40.16. 


40.17. 


40.18. 


40.19. 


40.20. 


40.21. 


E,  = 0.625 £_  = 0.625-1^-;  E,  = 2.00  eV  = 3.20x10'"  J 
2m L 

L = ,!‘{  2(9.H»xl0>>  kgXJ.WxlO-*'  I) ) t:3-43*10  m 

Since  f/„  = 6£_  we  can  use  the  result  E,  - 0.625£_  from  Section  40.3.  *>(/,-£,=  5.375 £_  and  the  maximum 
wavelength  ol  the  photon  wouki  be 

he  he 


A = 


V.-E.~  (5375Kh‘ftmLl)  ~ (5.37SVi 


, _ 8(9.11x10*"  k#Xl  -50x10**  m)!(3.00xl0,m(»)  „ 

(5.3751(6.63x10*'*  1 11  ~ ' 


Eq.(40.16):  o>  = /(an  - x + Bco* — i 


,-B  |coa^£x  = ^£(,.)  = Eq.(40.15). 

tr  i h fi 


— = xtCf',-Df'D).  ~ = t1(Ce‘‘ •De"‘)=*‘v  for  all  coctfant*  Cand  D.  Hence  yin 

dx  dx 


JL'.’Q  t'» 


Eq.(40. 1 ) for  +(/«=£. c*  r=Pm<(/0-E)|I'2/A*  tfis  real  fur  E<Ur 

IDEVTIIY:  Find  the  transiticm  energy  A £ and  set  it  equal  to  the  energy  of  the  absorbed  photon.  Use  E = hdX  to 
find  the  wavelength  of  the  photon. 

/rV 


SET  Up:  U*  = 6£_.  as  in  Fig.40.8  in  the  textbook,  so  £^=  0.625 £_  and  £,  = 5.09£_  with  £.  = j—  to  this 
problem  the  partarle  bound  in  the  well  is  a proton,  jo  m = 1.673x10“®  kg. 

..  *-  **(1.055x10“*  J s)a  , _ 

**  =557  = 2(1.673x10-'  lt.X40.Kr"  m,‘  = 2Q52*'Q  3 ^ans-tmo  energy  a 

A£  = Et-E,  = (5.09-0.625)£_  = 4.465£_.  A£  = 4.465(2.052xl0*u  J)  = 9.162x10*“  J 
The  wavelength  of  the  phcXoo  that  U abwirbed  is  related  to  the  transition  energy  by  A £ = he/ A.  ut 
A = ■*=  <6-626»10-"  1 S)(2.998X10‘  n*>  =2-2x,0-»  m = 22  ,m 
A£  9.162x10*  J 

Evaluate:  The  wavelength  of  the  photon  is  comparable  to  the  size  of  the  box. 
iDEVnrY:  Hie  longest  wavelength  corresponds  to  the  smallest  ecxrgy  change. 

SET  Up:  The  ground  level  energy  level  of  the  infinite  well  is  £_  = and  the  energy  of  the  photon  most  be 

equal  to  the  energy  difference  between  the  two  shells. 

Execute:  The  400.0  nm  photon  must  correspond  to  the  n = 1 to  n = 2 transition.  Since  UQ  = 6£_.  we  have 

E2  = 2.43£_  and  £,  = 0.625£_.  The  e«rgy  of  the  photon  is  equal  to  the  energy  difference  between  the  two  levels, 

l*  u..  1.8Q5  h* 

and  £_  = T.  which  give*  £,  = £,-£,=;  — = (243  - 0.625)£.  = 

A 


„ . . , , . (T805ISX  |'(UO5|(6.626xl0*“  Js>(4.00xl0"'  m)  , ... 

8 me  \ 8(9.11x10*"  ksMi-OOxlO*  m,») 

EVALVATI:  This  width  is  appoxumidy  hall  lhal  of  a Bohr  hydrogen  Son 
, £ 6.0  eV 

v.\  v: 


r = 16—  1-—  £=n.  and  £-l/,  = 5eV  = 8.0xl0-'*J. 


(/„  ll.OeV 


(a)  £ = 0.80x10**  m:  T = 16] 


6.0  eV 


_ tow  ■ 41vlff. 


Jl.OeV  )\  ll.OeV  . 
(b)  £ = 0.40xl(T*  m:  7=4.2xl0*4. 


40.22. 


40.23. 


40.24. 


40.25. 


40-5 


The  transmission  coefficient  is  T = lbJL  I-—  with  £ = 5.0 eV,  £ = 0.60x10*  m.  and 


u.\  * 

m = 9.11x10""  kg 
(a)  (/,=7.0eV->r  = 5.5xl0‘4. 
lb)  f/0  = 9.0eV sl.BxlO"1 
(f)  f/e  = 13.0eV  ->T  = 1.1x10'’. 

iDEVnr*  and  SET  IIP:  U«r  Eq.(39. 1 ).  where  A'  = p'/2oi  and  E = K + U. 

Execute:  A = h!p  = h/jlmK.  so  AjK  is  constant 

i,  and  K,  are  foe  »l  where  K,=  2U,  and  ^ and  K,  are  foe  0 <«<£  where 

Kt  = E-Ue=U0 

a = IK-  HK=. 

a v*.  m a 

EVALUATE:  When  Ibe  particle  is  passing  over  the  barrier  it*  kinetic  energy  is  less  and  its  w av  elength  ts  larger. 
IDE-Vnr*:  The  probability  of  tunneling  depends  on  the  energy  of  the  particle  and  the  width  of  the  bamee. 

SETUP:  Ibe  probability  of  tunneling  is  approximately  r = Ge'1“.  where  G = 16_£_  l-_£_  and 


.2m(f/c-£) 


Execute;  C = 


Uoll_£/0]=l67aO«vl'  70.0  eV 


50.0  eV  . 50.0  eV 


= 3.27. 


_ ,/2sn((/e-£)  _ ^2(1.67 xl0jr kg M70.0 e V - 50.0  eVX1.60xl0*"  WeV)  _Q 
7i  (6.63x10-’'  J*).2e 


11 


3.27 


Solving  r = Ce-  «o,£g,ves  X,a-«Cin  = ^ W — | = 3.6x,0-»  m = 3.6prn 

If  the  proton  were  replaced  with  an  electron,  the  electron's  mass  is  much  smaller  so  L would  be  larger. 
Evaluate:  An  electron  can  tunnel  through  a much  wider  barrier  than  a proton  of  the  same  energy. 


iDEVnrv  and  SET  UP:  The  probability  is  7 = Ae"J*'.  with  A = 16^|  1 - and  * = '!2m'V>~E) 

£ = 32  eV.  f/4  =41  eV.  £ = 025x10*  m Calculate  T. 

Execute:  (a)  A =16— fl-—  =16—  1-—  ' = 2.741. 

<V  u0:  4i'  4i' 

y_^2an  ((/,-£) 

A 

y_  ^2(9.109X10-"  kgX<l  eV-32eVX1.602xl0-1*  1»V)  _f  5^xltf0  m-, 

1.055x10*"  J « 

7 = Ae-^>  =(  2.741*-“”"'*  ■*«»»•*»  = 2741e-'“  =0.0013 
(b)  The  only  change  in  Ibe  mass  m.  whsch  appears  m AT. 


-i 


v'2<1.673xl6-BkgK4~l  eV-32 eVX1.602xl04rJ/eV)  S84>10i 
1.055x10"“  J~% 

Then  7 = Ae^  = (2.741*-*'***''  " = 2.74 1**“  = lO*10 

Evaluate:  The  more  massive  proton  has  a much  smaller  probability  of  tunneling  than  the  electron  does. 
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40.26. 


40.27. 


40.28. 


40.29. 


40.30. 


40.31. 


f = Cr 


w*hC  = 16-i  l-£  and  K=  ~ ^ . so  7 = 16— 

"o'  » <V 


(a)  If  f/,  = 30.0x10*  eV.  £ = 2.0xl0“1!  m.  m = 6.64xl0'r  kg  and 
f/0  - £ = l.Ox  10*  eV  (£  = 29.0x10*  eV).  T = 0.090. 

Ib>  If  U0-£  = 10.0x10*  eV(£  = 200x10* eV).  r = 0.014. 

lDE.vnr*  and  Ski  Up;  The  energy  levels  are  given  by  Eq.(40.26).  where  <o=  I—. 


EXECUTE: 


11  .Via 


= 21.0  raft 


0.250  kg 

The  ground  stale  energy  is  given  by  Bq.(40.26): 

£^  = 1^  = 1(1.055x10“*  Js)<21.0radfc)  = l.!lXl0“M  J(1  cV/1. 602x1 0“**  J)  =6.93x1 0"15  eV 


i"+2 


= : n + l + 


The  energy  reparation  between  Ibere  adjacent  levels  is 

A£  = £„,-£.=ft®=2£1  =2(1.11x10'"  J)  = 2.22xl<r"  1 = 1.39x10*“  eV 

Evaluate:  Ibere  energies  are  extremely  small:  quantum  e fleets  are  not  important  foe  this  oscillator. 

Let  Jin? ?2h  = d.  and  so  — = -2x&v  and  = (Ax'd1 -Z»y,  and  1/  is  a solution  ol  Eq.(40.21)  if 

dx  dx 

E = —.5  = Lh*jk‘/m  = iftrv. 

IDENTITY:  We  can  model  the  molecule  as  a harmonic  oscillate*.  The  energy  of  the  photon  is  equal  to  the  energy 
difference  between  the  two  levels  of  the  oscillator. 

SET  Up:  Tire  energy  of  a photon  is  Ef  = hf  = hr! A.  and  the  energy  levels  of  a harmonic  oscillator  are  given  by 
_ 


EXECUTE:  (..The  photon,  energy  is  £=*  = L °*>  =0.2„V 

A 5.8x10  m 

(b»  The  transition  erxrgy  is  A E=  £„,  - E.  = ftfii  = ft  J— . which  gives  = ft^l— - Solving  for  we  get 

4rrVm  _ 4.-'(3.00xl0'  m sj’fS.bxKT*  kg) 
k~^F (3.8xlO~*  m)1 5.9°°  N/m. 

EVALUATE:  This  would  be  a rather  strung  spang  in  Ibe  physics  lab. 

According  to  Eq.(40.26).  (he  energy  released  during  the  transition  between  two  adjacent  levels  is  twice  the  gruuixl 
slate  energy  Ei-  E1  = fuu  = 2£,  = 1 1.2  eV. 

For  a photuo  of  energy  £ 

. ,_e_'ic_(6.63xl(rMl-sX3.00xlO,m.s)_ 

E-hf=>A-j-  — ~ (11_2eVMleo<I0 4SJ/eV)  ->»“■ 

IDENTITY  and  SET  Up:  Use  the  energies  given  in  Eq.(40.26)  to  solve  for  the  amplitude  A and  maximum  speed 
vu  of  the  oscillator.  Use  these  to  estimate  A*  and  Ap,  and  compute  the  uncertainty  product  AiAp,. 

EXECUTE:  The  total  energy  of  a Newtonian  oscillator  is  given  by  £ = ik'A1  where  k'  is  the  force  constant  and  A 
is  the  amplitude  of  the  oscillator.  Set  this  equal  to  the  energy  £ = (it  + i )/.’«!>  of  an  excited  level  that  has  quantum 


number  n.  where  fll= J— . and  solve  for  A:  jt'A  = («♦  Jl’iiu 
<2*  + l>ft® 


A = 


k 


The  total  energy  of  the  Newtonian  oscillator  can  also  be  written  as  £ = Set  this  equal  to  £ = (n  + j)h0J  and 

solve  for  v_:  Jmv^,  =(n*  j)ftfl» 

(2n  + lVifli 


Quotum  Mechanics  40-7 


40.32. 


40.33. 


40.34. 


40.35. 


Thus  the  nmimuin  linear  momentum  of  the  oscillator  a = s!(2n  + Assume  that  A represents 

ihe  uncertainty  Ax  in  position  mil  that  r__.  is  the  corresponding  uncertainty  A p.  in  momentum.  Then  the 


uncertainty  product  is 


AxAp,  = l(2n  + 1)f|d> ,/(2n  ♦ 1 Vimfii  = (2 n + W&Jj?  = (2i» +I)Al&|  ^ J = 


(2n  + l>fl. 


EVALUATE:  For  n = 1 this  gives  AxApt  = 3ft,  in  agreement  with  the  rejull  derived  in  Section  40.4.  The 
uncertainty  product  AxA pM  increases  with  n. 

This  it  cotuislet*  with  »tal  it  ahown  in  Figure  40.20  in  the  textbook. 

,b>  i=Mp;  -',”*i,4Fi=e"4=i-8,xi<rj- 

This  figure  cannot  be  read  this  precisely,  but  the  qualitative  decrease  in  anybtude  with  distance  is  clear. 
Identify:  We  model  the  atomic  vibration  in  the  crystal  as  a harmonic  oscillator. 

SET  Up:  The  energy  levels  of  a harmonic  oscillator  are  given  by  Em  = J n + i '/\ ^|—  = J »» + i JtUQ. 

EXECUTE:  (a)  The  ground  state  eoergy  of  a simple  hmaonac  oscillator  is 

055X.0-  J-,)  =9.43xl(r“  J =5-89x10"  eV 

3.82x10““  kg 


(b>  E4—Et  = has 2£^  = 0.0118  eV.  «,  A = *L=  1 ■>*«>*'*  g*>  = IOMm 

E 1.88x10  J 

(c)  £^-£.  =/in>=  2^=0.0118  eV 

EVALUATE:  These  energy  differences  are  much  smiller  than  those  due  to  electron  transitions  in  the  hydrogen 
atom. 

iDEVnrY:  If  the  given  wave  function  is  a solution  to  the  Schrodinger  equation,  we  will  get  an  identity  when  we 
substitute  that  wave  function  into  the  Schrodinger  equation. 

SET  Up:  The  given  function  is  y(x)  = Ac**,  and  the  c©e -dimensional  SchrOdinger  equation  is 

ft  rfV(x) 


2m  ua- 


KXECVTE:  Slat  with  Ihe  given  funebon  and  lake  the  indicated  derivalivea:  a>( «)  = Ae*.  ^^l  = Alke“. 

dx 

^i^  = /^i1*V=-A*'r*,.  ‘yiy(.l>^-«V(»).  Substituting  these  remit*  Into  ibe 

dx  dx  2m  dx  2m 

A1* 


Schrodinger  equating, vc  ♦>(*» 


h‘k‘ 


EVALUATE:  y(i)  = A r i*  a volution  lo  Ihe  ocx-diinemianal  Schrodinger  equation  il  E-U(=  — — or 


k=p^±^u4<  E »av  given.  * i*  the  square  tool  of  a poutive  quantity.)  In  lermi  ol  Ibe  particle'! 

momentum  p:  k = p!h.  and  in  term*  ol  Ihe  particle'*  de  Broglie  wavelength  A:  k=  In! A. 

lDE.vnr*:  Lei  / refer  lo  Ihe  region  * < 0 and  lei  II  refer  lo  Ibe  regioo  » > 0.  no  *>,(«)  = Ar*‘  * Be~*‘  and 


/a<«)  = CeJ“.  Set  l'<(0)  = v.(0)and  = lal  x = 0. 


Setup;  — (f‘*‘)=t*f“‘. 
dx 

EXECUTE:  y. (0)  = vT<0)  ri>vs  A + B = C.  at  x = 0 gives  ik.A  - i ’LB  = ikJC.  Solving  this  pair  of 

dx  dx 


equalieos  Tor  B and  C gives  B =|  — — — 

h +42 


A and  C = 
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40.36. 


40.37. 


40.38. 


40.39. 


EVALUATE:  The  probability  of  reflection  b R = ^ = jj-i— The  probability  of  transmasiixi  b 

C*  AP1 

r = -T  = — — — Note  (hat  Jt  + r = l. 

(a)  /?,  = + 1 = 1 + llib  b never  heger  than  it  is  foe n = 1.  and  Rl  = 3. 

(b)  R approaches  mo;  in  the  classical  limit,  there  ix  no  quantization,  and  the  spacing  of  siaxessive  levclx  b 
vanishingly  small  compared  to  the  energy  level*. 

rfh1 

IDENTIFY  and  SET  Ur:  Tbe  energy  levclx  are  given  by  Eq.(40.9>:  E%  = jj-_.  Calculate  for  transition 
ind  set  A£  = he/ A.  the  energy  of  the  photon. 

EXECUTE:  (a)  Ground  level,  n = L E,  = 

4 h‘ 


ml  excited  level.  n = 2.  t.  = 


ih‘ 


The  (ranslioa  energy  ts  A E = Ei-El=  p.  S<«  Ibe  transition  energy  equal  to  the  energy  Hr! A of  Ibe  emitted 

. ,, . . »r  3*‘ 

photon.  Thu  gives  — = r. 


A = 


Smell  8(9.1<X»Xl0'"  kg)(2.998xlOl  mi's  >(4.18x10''  m)' 


4 = 1.92x10  m = 192/mi. 


5(6.626x10-“  ) •»> 


9A!  _ 4A'  _ 5h‘ 
SmL T imll  ~ troll 


(b)  second  excited  level  has  n = 3 aixl  £,  = - — — . The  transition  energy  « At  = t,  - fc2  = 

Ac  _ SA1 

T~  SmL' 

EVALUATE:  Ibe  energy  spacing  between  adjacent  levels  Increases  with  n.  and  (hn  correspondi  to  a shorter 
wavelength  and  more  energetic  photon  in  part  (b)  than  in  pan  (a). 


v~.  r:  i 

A = — — = -Q92  /jm)  = 1 1.5  //m. 


(*) 


2{U 4 2a,  2 r U4 1 / 2w\t  1;  L , 2xx  \ 1 

— I sin  — dx  = — \ - 1-cos tir  = — x- — sin = — — . which  is  about  0.0908. 

LU  L Z>  r L ) L[  2*  L 0 4 2x 


- 


(b>  Repeating  with  limits  of  LjA  and  L 2 give*  — [ x -_sin— 

L 2.t  L }gp  4 2x 

about  0.409. 

(c)  The  particle  b much  likely  to  be  nearer  the  middle  of  the  box  than  the  edge. 

(d)  The  results  sum  to  exactly  1/2,  which  means  that  the  particle  is  ax  likely  to  be  between  x =0 and  1*2  as  it  b to 
be  between  x = Lj 2 arid  x-L 

(e)  These  results  are  represented  in  Figure  40.5b  in  Ibe  textbook. 

iDEVnrY:  The  probability  of  the  particle  being  between  xl  jixI  x1  b |y|a<f*.  where  p is  the  normalized 
wave  function  for  the  particle. 

(a)  SET  Up:  The  normalized  wave  function  for  the  ground  stale  b \yx  = ^Jj-  sdn  j ^ j. 

Execute:  The  probability  P of  the  particle  being  between  x - L/A  aoJ  x = 3L/4  it 

UJ4  » 2 r*U4  t .(  Xx 


P = \L4  |^||<fx  = — 1^4  sin1;  di.  Let  y = xxfL  dx  = (L/*)dy  and  the  integration  limits  become  Hi 4 and 


c/4 


p=i 

* 8 8 4 { 2 > 4 1 2 

P = — ! ^.-i(-l)  + i(l)  ] = ! + — = 0.818.  (Note:  The  integral  formula  fun2  ydy  = iy-isin2y  was  used.) 
/T  4 4 4 . 2 if  2 4 
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(b)  SET  Ur:  The  normalized  wave  function  for  the  first  excited  stale  is  = , l^sinj 


L \ L 

j 2 fU«  2ti 

EXECUTE:  ^ = JL,4  p2|dr  = — , -j—  |4£r.  Left  y = 2JTx/L.  dx  = {Lflx)dy  and  tlx  integration  limit* 
become  tf/2  and  3/T/2. 


2f  L * 


p=-:  — 


L IX  V"* 


I , 


sin  ydy= — 1 — y— — san2v 


lr*i 


- 


Bif2£-£i.asc» 


W\  4 4 


(c)  EVALUATE:  These  results  are  consistent  with  Hg.40.4b  in  the  textbook,  lhal  figure  shows  that  |pf  is  more 
concentrated  near  the  center  of  the  box  for  the  ground  slate  than  fee  the  first  excited  stale;  this  is  consistent  with  the 
answer  to  part  (a)  being  larger  than  the  amwer  U>  part  (b).  Alao,  this  figure  shows  that  for  the  first  excited  stale  half 
the  area  under  |y  I*  curve  hes  between  U\  and  3174.  consistent  with  our  answer  to  part  (b). 

40.40.  Using  the  normalized  wave  luixticn  - ^2;L  sin {xxjL).  the  probabilities  I v*  P dx  are 

(a)  (2/L)  sin2(r,'4>ir  = dx/L 

(b)  (2/L}tm\x/2)dx  = 2dx/L 

(c)  (2/L)sii1(3r/4>  = dx/L. 

40.41.  iDEVnry  and  SET  UP:  The  normalized  wave  function  for  the  n = 2 first  excited  level  is  y2  = ^ sin|  ^11  j. 

P = ^(x)j1  dx  is  the  probabibly  that  the  particle  will  be  found  in  lb:  interval  x to  x+dx. 

Execute:  (a)  x = I74 

hiM 


tSj 


r=(2JL)dx 

(b)  x-Ul 


P = 0 

(c)  .1  = 3174 


L IT  ’ \L 


F = (2/L)dx 

EVALUATE:  Our  results  are  consistent  with  the  n = 2 part  of  Ftg.40.5  m the  textbook.  |pj*  is  zero  at  tb:  center 
of  the  box  and  is  symmetric  about  this  point. 

40.42.  Ap  = - p_mU.  |p|  = hk  = . At  x = 0 the  initial  momentum  at  tb:  wall  is  pM  = and  the  final 


momentum,  after  turning  around,  is  = 


ton  r _ . hn  * : hi  • hn  ~ , 

So.  ^=^-1  -gJ  ,=*-■-  At  , = £.  tbem.ua! 


momentum  is  pM  =+^i  and  the  final  momentum,  after  turning  around,  is  p^  = -^i.  So, 


Ap  = 


£L  2L 


40.43.  (a)  For  a free  particle.  t/(x)  = 0 so  Schrodinger  s equation  becomes 

Figure  40.43. 


*/W)  2m 


(b)  B»  j < 0:  V(«)  = e*D.  = So  x2  = -^-E^  E = -^-. 

dx  dx  2m 


(c)Forx>0:  pf*)=e"“. 


40*10  Chapter  40 


40.41. 


40.45. 


40.46. 


40.47. 


So  train  K1  = 


2m 


-aV 

2m 


Parte  (c)  and  (d)  show  y(*)  satisfies  the  SchnxlingCT's  equaliuG.  provided 


-ftV 

2m 


(d)  Note  dv  is  discontinuous  at  x = 0.  (Hiat  is.  negative  for  x > 0 and  positive  for  x < 0.) 
ax 


'I* 


iDEVnrY:  We  start  with  the  penetration  distance  formula  riven  in  the  problem. 


SET  Up:  The  given  formula  b rj  = 


yj2jn(Uc  - E) 


EXECVTB:  (a)  Substitute  the  given  numbers  into  the  formula: 
h 1.055x10’*  J’t 

7 = 


= 7.4x10"“  in 


Ni2m(f/«  -£)  ^2(9.1 lxKT41  kgK20cV-13eVX1.602xlO’,l  J/cV) 

<»  , = , l 0S5"D  “1- „ = 1.4.X, O"  ib 

^'2(1 .67x10^  kgW30  MeV  - 20  MeV)(l .602x10  J/MeV) 

EVALUATE:  The  penetration  depth  varies  widely  depending  on  the  nun*  and  energy  o i (he  particle. 

(a)  We  »et  the  solution*  lot  inside  and  outside  the  well  equil  to  each  other  at  the  well  boundaries,  x = 0 and  L 
i = 0:  Aaa(0)*B  = C—  B = C.  since  we  nu»l  have  D = 0fori<0. 

x = L iliin"^  + flew  - ~jn^L  = +/V"“  since  C =0  a > L. 


Thu  gives  AiiakL  * Bc-nkL  = De"‘.  where  * = 


2r± 


(bt  Requiring  continuous  derivatives  at  the  boundaries  yields 

» = 0 — = kAcot(k  0)-*flsin(*  0)  = kA  = KCe“  =>kA  = tC 
ax 

x = L:  kAcwkL  - Aflsin  kL  = -xPe  “. 

If  fl  = 55  eV.  U,  = 10.0 eV.  m = 9.1  lxlCT"  kg.  and  T = 0.0010.  Then 

<»*>  g,.o,>,ox  „ 4 f »£■  1=3.96 

(1.054x10-"  Js)  10.0  eV  10.0  eV ) 

*>L=- !— -In;  10010  ; = 3.8x10""  in =0.38  run. 

2(109x10"  m"1)  ' 3.% 


lDE.vnrv  and  SET  Up:  When  kL  is  large,  then  r is  large  and  e is  smalL  When  KL  is  small. 
«nh  kL  -*  kL  Consider  botli  kL  large  and  KL  small  limits. 

(U.sihhrZ.)1 


execute:  (a)  i = 


- 


XEW.-E) 
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40.48. 


40.49. 


40.50. 


sinh\£  = 


c — c 


KL» L snh*i-»—  and  r-.  1 + — Lil __ 

2 16  £((/„-£)  16£((/,  - f)  + U,eia 


16 £«/-£) 


Put  KL»  1.  16E(f/,-E)  + r/,V',-»f/0V‘‘ 

(b)  «/.  = L>l2m(ui~E>  rf..<*l  wbm  £ is  large  (barrio  is  wide)  or  I/t  - E is  luge.  (Eb  small  compared  to  Ut.) 

t\ 

(c)  K=  — £>.  t become*  small  as  £ approaches  (/,.  For  K small,  sinh  kL  -i  kL  and 


. Wo-t»;  L 6 4£(f/0-£)  _ 


lire  definition  of  * > 


35? 


But  k2  = -p-.  so  7*-* 


1+1 T 


. as  was  to  be  shown 


EVALUATE:  When  KL  is  Luge  Eq.(40.20)  applies  aul  T is  small.  When  E-*l!0,T does  Dot  approach  unity, 
(a)  £ = —mv>  = (n  + (ll2)VUo  = (n  + (12))h/.  and  solving  for  n. 


.J""1  1 _ (1/2X0.020  kg)(0.360  m/s)1  1 3Mf/t 
hf  2 (6.63x10-“  J sXl.50  Hz)  2 " 

(b)  The  difference  between  eoetgies  is  hni  = hf  = (6.63x10'“  J s«l  .50  Hr)  = 9.95  X 10°*  J.  This  energy  is  loo 
small  to  be  detected  with  current  technology 

IDENTIFY  and  SET  Up:  Cakulate  the  angular  frequency  o of  the  petxiulum  and  apply  fa)(40.26)  for  the  energy  levels. 

2s  2s  . , 

Execute:  a>=  — = — — — = 4ss 
r o.5oo  s 

The  ground-state  energy  is  =I/.a>  = 1(1 .055x10"“  J«X4s  s'1)  = 6.63x10'“  I. 

Eg  =6.63x10"“  J(1  eV/1 .602x10"  J)  = 4.14x10-'’  eV 

'.ha 


= ' it+I+—  lnd» 

2 

The  energy  difference  between  the  adjacent  energy  levels  is 
A £ = £.,  - Em=hO=  2 Eg  = 1.33x10-”  J = 8.30x10"'’  eV 

Evaluate:  These  enetgres  are  much  loo  small  to  Attes  t <£iantum  effects  are  Dot  important  foe  ordnury  sue  objects. 
1DE.YT1FY:  We  model  the  electrons  in  the  lattice  as  a particle  in  a box.  The  energy  of  the  photon  is  equal  to  the 
energy  difference  between  the  two  energy  states  in  the  box. 

2.1 

SET  Up:  The  energy  of  an  electron  in  the  n * level  is  £ = r We  do  not  know  the  inrtial  oi  liml  levels,  but 


we  do  kl m they  dxller  by  1.  The  energy  of  the  photon.  he/ A,  is  equal  to  l be  energy  difference  between  the  two  stales. 

^ . t , 4r.  he  (6.63x10^  J-SX3.00X101  n^s) 

D2CUTY:  The  ecxrgy  differeexe  between  the  leveb  is  A£  = — = 1 649xlCT = 

1 .206  x 10"41  J.  Using  l be  formula  foe  the  energy  leveb  in  a box.  this  energy  difference  is  equal  to 
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40.51. 


40.52. 


So.uing  for  n give*  *=*£pL+l  ; = 1 fl-206*10"  k8W0.5O.xlO-  n,)»  +,  l3 

The  transiboo  is  from  n = 3 lo  it  = 2. 

EVALUATE:  Wc  know  the  transition  is  not  from  Our  n = 4 lo  the  n = 3 stale  because  we  lei  it  be  the  higher  stale 
uk!  it  - 1 ihe  louder  stale. 

IDENTIFY:  If  the  given  wave  function  is  a jwluboo  lo  the  Schrodinger  equabuo.  we  will  gel  an  identity  when  we 
substitute  lhat  wave  function  into  Ibe  Schrodinger  equaboo. 

SET  Up:  The  given  wave  function  is  ^(x)  - and  the  Schrodinger  equation  is 

-4^4™ 

EXECUTE:  (a)  Start  by  taking  the  derivative*:  V.<x)  = V‘oV" . J*’0<l>  = 


=-V*V"’>+(a1)VV-"'1.  :^p=H»*+<«W]  ¥M. 


V.(*XEq»-ion(4022)i.  -±^>*^-¥(x)  = E *«).  Sub,tituting 

the  above  result  Into  that  equation  givet  |-a1  + (aJ)V|  (*,(«)  + —y^x)  = £ y,(x).  Since  o';  — and 

2m  2 h 

7 . „ , # 2 . ft2  , , . 2 k'  h*  ( mo  ma?  ^ 

— . Ibe  coefficient  of  x i%  - — (cr)  +— = - — ; ( + =0. 

m 2m  2 2m1  h 2 


(b)Ai=iS. 


(c)  The  classical  turning  points  are  a l A = ± I— ^ — . TT*  probability  density  liuxticm  |pj*  w 


'tel'iL; ^ f<-a’2*)r" At  ,=o.  ‘Wtf  - 

J.I  1 ft*  1 ft  llff 


= 0. 


=_2w«5rp_^k 

Tv  />*  J 


At  x = 0.  d < 0.  Therefore.  at  x = 0.  the  tint  derivative  in 


«to  and  the  tecond  Uehvalive  it  negative.  Therefore.  the  probability  eternity  (Inaction  hat  a maximum  at  x = 0. 


Evaluate:  u«#(x)  = A,e'a‘^‘  it  a toiution  to  equation  (40.22)  if  <-«"Vi<«)  = £ »,(«)  or 


t’ 


E = = !^.  E,  = 4 correspond*  to  n = 0 in  Equation  (40.26). 

(DEVnrv:  If  the  given  wave  function  it  a solution  to  the  Schrodinger  equation.  »e  will  get  an  identity  when  we 
lubrtitute  that  wave  function  into  the  Schriidinger  equation. 

SET  Up:  The  given  wave  (unction  it  »■(■*)  = Allxr'^‘‘“  and  the  Schrddinger  equation  is 


4WB 


Execute:  (a)  Start  by  taking  the  indicated  derivabve*:  ^(x)  = \2xe 

!^=-2 aVAe-1*1  * 2Ae"*1"'".  = -2Aftli***n -2AfMr*,Y***  * 2M-01,)' 

dx  dx 

d^.=[-la‘H^x‘-a‘\  ri<*>=[-3aW)V)  wA.) 


•M 


- r &&=-£*-***(•*?*]  r,(x> 
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Equation  (40.22)  is  — 1_ + = E y(x).  Substituting  the  above  result  into  that  equation  gives 

2^i  dx  2 

(-30^ +(a2)2x2|  ^(i)+^^(x)=£  P'i(x)  Since  a2  = nil  &=  I— . the  coefficient  of  x*  is 
2m  2 A V m 

-=Q 


A2  . . 2 *'  A1  md>\  ma 


u« 


(c)  The  probability  density  function  ly  f ix  U/j(x)|2  = /^UxV***1  = i — 4x*e  ' 

2 A#* 


*=o. 


A1**"  + At4x*(-<S2x)<-"  = A^xr*****  - A28xVr 


a,  ,=«.  £!M=o.a.  ,=±1.  ££££.». 

dx  a dx 

- ^8^a,(-a'2,k  . 

= Alt*-1"  - Ai l«*Vr-v  - 4,24xVe~'i'  + 4*lfa4(«*>V".  At  » = 0.  >0.  So  * 

« = 0.  the  first  derivative  is  zero  and  the  second  derivative  is  positive.  Therefore.  the  probability  density  function 


tiai  a minimum  al  x = 0.  Al  x = 


l>!li<0.So 


a dP 
beprobabi 

classical  turning  points  for  n =0  as  found  in  the  previous  question. 
LI*  ATE:  Pi( 

3 ftV  3iVdtf 


at  x = ±_.  t be  lirst  derivative  is  zero  and  the  second 


derivative  is  negative.  The  re  fere,  the  probability  density  function  has  maxima  at  x = ±— . corresponding  to  the 


Evaluate:  yx{x)  = \2jr^tXi%  a solution  to  equation  (40.22)  if  -—(-3a2 )yl(x)=  E yx{x)  or 


y\ c 


corresponds  to  n = 1 in  Equtfion  (40.26). 


2*i  2 " 2 

40.53.  IDENTIFY  and  SET  UP:  Evaluate  3V /a*\  d*y/dy2.  *>&  d2y/dz2  for  the  proposed  y and  put  Eq.(40.29).  LUe 
that  ym  . y..and  y%  are  each  solutions  to  Eq.(4022). 


r%.  ^ »e*d.wUtk«ofE<K4022 ).M-±L±£.+ik’x‘yK=E^ 


r = ^ <**„  wr*  <*>  u = L',1  * * *y + i*';‘ 

aV_frfVJ  av_/V. 

- 4(2f  W 


2m'  ^ d?J  ’ [ 2m  dx‘  2 

K"‘+("=^u5Wr*  Kr' 
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40.54. 


40.55. 


40.56. 
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Therefor,  we  have  shown  that  this  y is  a solution  lo  Eq.(40.29).  with  energy 

B^=EK+Emr+E^=\n,+n,+„,+l\l,» 


(b>  and  (c)  The  ground  Half  has  n,  = nf  = n,  = 0.  so  the  energy  u Em  = -hoi  There  i»  only  one  set  ol  n,  .n,  and 
n that  give  this  energy. 


: n.  = L n,  = n,  = 0 or  n,  = L n,  =n,  = 0 orn.  =1.  n,  =n,  =0  and 
There  are  three  different  sets  of  n,.  n(.  n(  quantum  numbers  that  give  this  energy.  »o  there  are  three  different 
quantum  stales  that  have  this  same  energy. 

Evaluate:  For  the  three-dimensional  isotropic  haimunic  oscillator,  the  wave  function  is  a product  of  one- 
dimensional  harmonic  oscillator  wavefunctiom  for  each  dimension.  The  energy  is  a sum  ol  energies  for  three  ooe- 
dimensional  oscillators.  All  the  excited  states  are  degenerate,  with  more  than  one  stale  having  the  same  eoetgy. 

0\  = ^'t'/rn.  to,  = Let  ^(*>  be  a solution  of  Eq.(40.22)  with  =j  n_*i  j ho\.  vv(>|  be  a similar 

solution.  v>.  ft)  be  a solution  of  Eq.(40.22)  but  with  ; as  the  independent  variable  instead  of  i.  and 


energy  =jn. 

(a)  As  in  Problem  40.53.  look  fee  a solution  ol  the  larra  y(j.y.r)  =p.(»)v.  (ylo.(t).  Then. 


= £._  jp  with  similar  relatHms  fee  and  Adding. 


-U jHW£)-K  V 

= (E^+^+£^-C/V=(f-t/V 

where  the  eoergy  £»£=£,+£,  ♦ £#  = A 


(i«x  + *,  + l)of  + J *g  ♦—  |ftj{  [tWidl  n,.  ny  and  n,  all  nonnegalive 


(b)  The  ground  level  corresponds  lo  n,  = nf  = it,  = 0.  and  £ = h|  «}+— . The  firsl  excited  level  cxirTespoods  lo 

nx  =ny=  (hind  #i,  = L since  ft*1  > raj,  and  £ = frvj  j |.  There  is  only  occ  set  of  quantum  number*  for  both 

he  ground  slate  and  ihe  firsl  excited  stile. 

(a)  v(x)  = A sin  kx  and  y<-£./2)  = 0 = <v(+£  2) 


= *=isE.  = ^=^=^l.wh«-=L2... 


^A  = — ->p  = — = — = 

n >l/i  L 2/n  2mF  8/n£ 
(b>  v(x)  = * cos  kx  and  ^(-L/2)  = 0 = v(+£/2) 


0 = A eeo ; ^';m^  = <2«+l)i^  = <^=*L 


2 2 

(2n  ♦l)h 


*.= 


(2n  *1) 

(2n  + l>V 


P.~ 


2L 

" = 0.1,2... 


(c)  Tlie  combmalioo  of  all  the  energies  in  parts  (a)  and  (b)  is  the  same  energy  levels  as  given  in  Eq.(40.9).  where 
, - "V 

(d>  Part  (a)'s  wave  functions  are  odd.  aid  part  (b)'s  are  even. 

(a)  As  with  the  particle  in  a box.  ,v(j)  = A sin  fa.  where  A is  a constant  and  *'  = ImE/h*.  Unlike  the  particle  in 
box.  however,  t and  hence  £ do  not  have  simple  forms. 


40-15 


40.57. 


40.58. 


40.59. 


(b)  Rjr  x > U the  wave  function  miul  have  the  form  of  Bq.(40.18).  For  the  wave  Auction  to  remain  finite  as 

= 0.The constant  <1  = 2m(Ul  -E)!h.  as  in  Eq.(14.i7)  and  Eq.(40.18). 

(c)  At  x = L A sin  kL  = Dc~‘L  and  M cos  AL  = -a Dt~^.  Dividing  the  second  ol'  these  by  the  first  gives 

k col  kL  = -x*.  a transcendental  equation  that  must  be  Kllved  numerically  for  different  values  of  the  length  l and 
the  ratio  E/Ur 

i*)E  = K +U(x)  = £-+U(x)=sp  = JTME-Ut,)).  A = -=>A(x)  = ~..  . 

2m  p J2m  (E-U(x)) 

(b)  A*  f/(j)  gels  linger  (Le. U(>)  approaches  E from  below— recall  t20).E-U(>) 
geu  unaDa. *o  A{x)  get.  hrger. 

(c)  When  E = U(t).  E-U(x)  = 0,.o  <!(«)-»“. 

‘‘Mx)  A,  J2m(£-f/(x))  A’*v  2 J*v  2 

(e)  f/( j)  = 0 lor  0 < x < L with  cluneal  turning  point,  at  x = 0 and  x = L.So. 
j‘^2 m(E-U(x))  dx  = | ‘ -jlmEdx  = j2mEj‘dx  = JlmEL So.  lrom  port  (<1). 

j5*L  = *->E  = - — ’=*^ 

2 2m  l 21. 1 8 HdF. 

(f)  Since  (/(x)  = 0 in  the  region  between  the  turning  points  at  x = 0 and  x = L.  the  results  is  the  Mae  as  part  (e). 
The  height  U0  never  enters  the  calculation.  WKB  is  best  used  with  smoothly  varying  potentials  U(x). 

(a)  At  the  turning  points  £ = i fc'*„  =>  =± 


(b)  | J2n|  £ - To  evaluate  the  integral,  we  want  U>  get  it  into  a form  that  matches  the 


standard  integral  given. 


-IkV  ! = iTmE-mM  = = JS’./ii-x1. 


-a  2£  (2£"  . , \2E 

Letting  A = -p-.  a = - |—  . and  b = + . — 

=»  d,  = arenn  j * 


2E  2E  2E  2E 

T'.‘F~T"T" 


■ 


= ^HaKnn0)  = 2£  IJL  1 1. 


Using  WKB.  this  is  equal  to  so  £^r  = Recall  . so  £ = —fM  = Ays*. 

(c)  We  are  missing  the  zero-point-energy  ollscl  of  1 recall  £ = /Wj  ji  + 1 1 1.  However,  our  approximation  isn't 
bad  at  all! 

(a)  At  the  turning  points  £ = AL^Iz*  % =±— . 

A 

,b>  C * ft** =l\l‘A  j2*tE-Ax)dx.L*  y = 2mtE-Ax)  — 


iy=-2mA  dx  when  » = — . ;*  = 0.  and  when  i =0.  y = 2mE.  So 

A 


—(2 ■£)'*.  Using  WKB,  this  is  equal  to  So, 


V'r 


?mA 


[2m£l  = — ~>E  = 


U 


i) 


ImAh 
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(c)  The  difference  in  energy  decreases  between  successive  levels.  Fee  example: 

-0*1  = 1. 2**-l*  =0.59. 3M  -2U  = 0.49.... 

• A sharp  « step  gave  ever-irxreaaing  level  differences  (-  n1). 

• A parabola  (-  x1)  gave  evenly  spaced  levcb  (-*). 

• Now.  a linear  potential  (-  x ) gives  everdrcreasing  level  differences  (-  ir*1). 

Roughly  speaking,  il  the  curvature  of  the  potential  (-  second  derivative)  b bigger  than  that  of  a parabola,  then  the 
level  differences  will  increase.  If  the  curvature  is  less  than  a parabola,  the  differences  will  decrease. 
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41.1.  iDEXTirY  and  SET  UP:  L=jl(l* iy>.  Z,  = m/i . 1=0.1.  2...-H-1.  m,  =0.  ±1.  ±2...,  il.  cot0  = L,IL. 
EXECUTE:  (a)  1 = 0:  L = 0.  L =0 . 1 = 1:  L=jV>.  L = ft.O.-!.'.  1 = 2:  L = jUi.  L = 2ft,  ft.  0, -ft  .-2ft . 

<b)  Ineachcase  cot0=LlIL.  E = 0:  0 not  defined.  L=j2>r.  45.0. 90.0'.  135.0  . L = &i: 

35.3°.  65.9. 90.0'.  114.1s,  144.7'. 

Evaluate:  There  b do  state  where  f.  is  totally  aligned  along  tbe;  axis. 

41.2.  Identify  and  Set  Ur:  L = Jni+iy>.  L,=m,t\.  l=  0.L2.....H-1.  ^ =0.±l.±2.....±f.  co *0  = L,IL. 

Execute:  (a)  1 = 0:  £ = 0.  L =0.  1 = 1:  L = j2h.  L =ft.0.-ft.  1 = 2:  L=J&h.  Lt  = 2ft.ft.0,-ft.-2ft . 1=3: 
L = 2~j3h.  f,=3ft.2ft.A.0.-ft.-2ft.-3ft.  1 = 4:  /.  = 2v5ft.  Z,  =4ft.3ft.2ft.ft.0.-ft.-2ft.-3A.-4A. 

(b)  Z.=0:  tfnotdelined.  L = j5ft:  45.0, 90.0  . 135.®  . L=»/6*:  35.3  , 65.9“. 90.0  . 114  1. 144.7°.  L=2jSh: 
54.7'. 732”. 90.0'. 106.8  .1253”.  150.0'.  L=2-JSl> : 26.6  .47.9  .63.4'.77.1“.90.0  .102.9  .1 16.6  .132.1”.153.4' . 

(c)  The  minimum  angle  it  26.6'  and  occur*  for  1 = 4.  *\  = +4 . The  maximum  angle  it  153.4  and  occur*  for 
1 = 4.  m,  = -4 . 

41.3.  iDEvriEY  and  SET  UP:  Tbe  magnitude  of  (he  orbital  angular  momenium  L it  related  to  the  quantum  number  1 by 

Bq<414):  Z.  = N SU*W>.  1 = 0.  1.2.... 

..  ...  ..  ! 4.716x10-“  kg  mV* 

Execute:  1(1  + 1)=  _ = ^ =20 

l ft  ) 1.055*10  “ J * 

And  then  1(1  + 1)  = 20  give*  that  1 = 4. 

Evaluate:  1 must  be  integer. 

41.4.  (a)  (ml)mu=2.  to(Z,)M  = 2ft. 

<b)  vi«l  + l)ft  = v&l  = 2.45li. 

(c)  The  angle  it  arcco*  | 1 = mux*,  ^ and  the  angle*  are.  foe  iw,  = -2  lo  m = 2.  144.7". 

1 14. 1”.  90.0".  65.9°.  35.3'’.  The  angle  corresponding  to  n\=t  »ill  always  be  larger  for  larger  1. 

41.5.  IDEvriEY  and  SET  UP:  Ibe  angular  momentum  L it  related  to  the  quantum  number  1 by  Eq.(41  ,A\  L = Nl(l  + 1)1.'. 
The  maximum  1.  1M,  foe  a given  n a f—  =n-l. 

Execute:  FVb  n = 2. 1M  =1  and L=j2h  = 1.414ft. 

For  n = 20.  1M  = 19  and  L = N<19K20)!.'  = 19.49ft. 

For  n = 200.  1—  = 199  and  L = J(199)(200)ft  = 199.51.'. 

Evaluate:  At  n mcteatcs.  tbe  maximum  l gelt  closer  to  tbc  value  it! : postulated  m the  Bi*r  model. 

41.6.  The  (l.m,)  combinations  are  (0.  0).<1.  0).  (L  ±1>.<2.  0).  (2.  ±1).  (2.  ±2).  (3.  OX 
(3.  ±1).  (3.  ±2X  (3,  ±3).  <4.  0).  (4.  ±1X<4.  ±2X<4.  ±3).  and  <4.  ±4).  a total  of  25. 

<b)  Each  state  has  Ibe  *ame  energy  (it  is  tbe  same).  -.l?'^cV-  = -0.544  eV. 

41.7.  f/=-L^  = ^-|1-60<l°;tC'1=-2.3x.O-J 

4.t<*  r 4.t<*  1.0x10*  m 

-2.3  xlQ-1'  1 


= -14.4  eV. 
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41-2  Chapter  4! 


41.8. 

41.9. 

41.10. 


41.11. 


41.12. 

41.13. 

41.14. 


(a)  As  in  Example  41 .3.  (be  probability  is 
P = j*  *|  I2  4 xr2dr  = 


ar*  a2r 

~—~T  ' 


5e 

= 1-  — = 0.0803. 


(b)  The  dilleretxe  in  the  probabilities  it  (1  - Se'*)  - (1  - (5/2)eJ|  = (5/2)(e'1  -2r~')  = 0.243. 

(a)  lyt^=vV^*(Ol'ie<0)f  = AJUJ(r)rte(0)P.  which  is  indepeudenl  »4fi . 

(b)  Jo2'l«W^>l1^  = At  J*'^  = 2bA,=1=9A=-^_. 

£*=wwA^=£i-£i4-£i=-(075^- 

(a)  U m,  = m =9.1  lxlOJI  kg 

"<  <9.109x10^X1.^x10^  N-mYC)1  =2.177x10"“  I = 13-59  eV 

<4«,)JAJ  2(1055x10  I-.)'  ' ' 

For  2-*l  transition.  the  cuellicieot  is  (0.75)(13.59  eV)  =10.19  eV. 


Ti 


(bill  m,  = — . using  the  result  from  pat  (a), 


Similarly.  Use  2 -» 1 transibun. 


f 10.19  eV  , 


m2  \ 1 13.59  eV 


^ r = (13.S9eV)|ll-l  =1 — I = 6.795  eV. 


= 5.095  eV. 


T” 

(c)  U m,  = 185.8m.  using  the  result  from  part  (a). 

md  the  2 —*  1 transition  gives  ->  (10.19  eVX185.8)  = 1893  eV. 

iDEVnrv  ami  SET  UP:  Eq.(4 1 .8)  rivet  a = 4'Tl>,  = -^-T. 

•V  **V 

EXECUTE:  (a)  m.=m 

g = _^=, 8.854X10  - C'/N  m'X6.626xlCr»  Jjg  = o5293xl0-.  m 
jm/  »(9-109xl0  kgM1602xl0  O' 

(b)  m\  = m/2 

ad-52--  1 = 1.059x10-"  m 

(c)  m,  = 185.8m 

= -ll^L  =2.849xl(ru  m 

185.8^*1^  ) 

EVALUATE:  a is  the  radius  foe  the  n = 1 level  in  lb:  Bote  model.  Wien  (he  reduced  mass  mf  increase*.  a 
decreases.  Foe  positronium  and  muomum  (he  reduced  mass  effect  is  large. 

e**  = COi(ii^)+i  un<w#>.  and  to  be  periodic  with  period  2.t.  tr^lx  must  be  an  integer  multiple  of  2r.  so  m, 
must  be  an  integer. 

P(a)  = j f,-u|2V  = jJ-V1'  *(4  zr'dr) . 

=>  /’(a)  = l-5e"J. 

(a)  A£  = ^S= (5.79X  10'’  e' V/TXO400 T|  = 2.32  xl(T5eV 

(b)  ni  =-2  the  lowest  putable  value  of  hi. 
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41.15. 


41.16. 


41.17. 


41.18. 


41.19. 


(c)  The  energy  level  diagram  is  sketched  in  Figure  41.14. 


r - 2 (dk  ftelica 

^ - + ] 

- - 

M , = 0 

••  VI.  - - I 


Figure  41.14 

IDEYTIFY  and  SET  IIP:  The  interaction  energy  between  an  external  magnetic  field  and  the  orbital  angular 
momentum  of  the  atom  is  given  by  Eq.(41.18).  The  energy  depends  on  m,  with  the  most  negative  m,  value  having 
the  lowest  energy. 

EXECUTE:  (a)  For  the  5g  level  / = 4 and  there  are  2J  ♦ 1 =9  different  m,  stales.  The  Sg  level  is  split  into  9 levels 
by  the  magnetic  field. 

(b)  Each  m,  level  is  shilled  in  energy  an  amount  given  by  U = rr\n%B.  Adjacent  lewis  diller  in  rr\  by  one.  so 
&U=pMB. 

eh  fl.602xl(T"  CX1.055xl<r"  J »)  „ M , 

~2m= *9.10»xl0-»>  hg) =9.277x10*  A-m1 

A£/  =//aB  = ( 9.277xl(T*  A/ra2X0.600  T)  = 5.566xlCT*  J(1  eV/1. 602x10**  J)  = 3.47xlO'5  cV 

(c)  The  level  of  highest  energy  is  for  the  largest  in, . which  is  m,  = / = 4;  U4  = 4 faB.  The  level  of  lowest  energy  is 

for  the  smallest  m,.  which  is  m,  = -/  = -4;  = -4 f^B.  The  separation  between  these  two  levels  is 

U4-U^  = 8 v%B  - 8(3.47 x 1CT5  e V)  = 2.78X  10*4  c V. 

Evaluate:  The  energy  separations  »e  proportional  to  the  magnetic  field.  The  energy  of  the  n = S level  in  the 
absence  of  the  external  magnetic  field  is  (-13.6  cVV5*  - -0.544  eV.  so  the  interaction  energy  with  the  magnetic 
field  is  much  less  than  ibe  binding  energy  of  the  stale. 

(a)  According  lo  Figure  41.1 1 in  the  textbook  there  are  three  different  transitions  that  are  consistent  with  Ibe 
selection  rules.  The  initial  m(  values  are  0.  ±1  and  the  final  m,  value  is  0. 

(b)  The  transition  from  m.  = 0 to  m,  = 0 pexxluces  the  sum:  wavekngth  (122  nm)  that  was  seen  without  the  magnetic  field. 

(c)  The  larger  wavelength  (smiller  energy)  is  produced  from  the  m,  =-l  to  n\ r = 0 transition. 

(d)  The  shorter  wavelength  (greater  energy)  is  produced  from  the  m = +1  tom.  =0  transition. 


lp->i  = 3./  = l.At/  = i,,fl- B = i-  = <2-7l,li:;  tV>  = 0.468  T 
* . , <5.79x10*' eV  T) 


(b) Three:  m,=0.±l. 

(*) 


y __(2CM32»  78g((I0.5  eV/T)(0.480T)  = -2.78x10*’ 


eV. 


(b)  Since  n = 1 . / = 0 to  there  i»  no  oebilal  magnetic  dipole  interaction.  But  il  n x 0 there  could  be  .ii 
Allows  fat  1x0. 

iDEvnrv  and  SET  Up;  The  interaction  energy  a U = -fl  B.  with  //,  given  by  Eq.(41.22). 
KXEtXTE;  V = -u  ■ B = *flB.  unce  the  magnetic  field  Ii  in  the  negative  c -direct wn. 


I<n 


»,  = -(2.00232)|  — |S  . «•</  = -\2 

S.  =m/i.  10  U =-2.00232  — \m,B 

2m 

— = /i*  = 5.788xlO"5  eWT 
2m 

[/ =-2.00232/^5 


The  m,  = ♦-  level  tui  lower  energy. 


\U  =I/|  m,  =-j  j-Uj  m,  =♦-  ;=  -2.00232/r,fl'  +.2  | = *2.002)2p,B 

\l)  =+2.00232(5.788x10'’  eWTXl.45  T)  = 1.68x10**  eV 


lt\ 
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41.20. 

41.21. 


41.22. 


41.23. 


41.24. 

41.25. 


41.26. 

41.27. 


41.28. 

41.29. 


EVALUATE:  The  interaction  eoergy  with  the  electron  spin  is  the  san*  order  of  magnitude  as  the  interaction 
energy  with  the  orbital  angular  momentum  for  states  with  m(  *0.  But  a lx  stale  has  / = 0 and  m,  =0,  *>  there  is  no 
orbital  magnetic  interaction 


The  allowed  (/.  i)  combinaboos  are 


iDEVnry  and  SET  Ur:  j can  have  the  values  / ♦ 1/2  and  / - 1/2. 

EXECUTE:  If  j takes  the  values  7/2  and  9/2  it  must  be  that  /- 1/2  =7/2  and  / = 8/2  = 4.  The  letter  that  labels 
Ihis/isg. 

Evaluate:  / must  be  an  integer. 

he  (4. 1 36  x lO^5  c V • s)(300x  10*  ms ) ^ c (3.00x11/  ms) 

(a)  X = = - ^ = 21  cm  /=-  = - = 1.4x10*  Hz.  a short  radio 


(5.9x10*  eV) 


0.21  m 


MVW 


(b)  As  m Example  41.6,  the  elective  fieW  is  B nAE/2^  =5.1x10"*  T.  forsimUer  than  that  louoJ  in  t be  example. 
iDENnrY  and  SET  UP:  For  a classical  particle  L = l£ix  Bw  a uniform  sphere  with  mass  m and  radius  R. 


1 = 


\ so  L = \ ImR2  \0).  Solve  foe  cu  and  then  use  v = r&  to  so lve  for  v. 


Execute:  (a)  L = . fii  so  2 


=.& 

4 


<J  = 


sJiTif, 


5^3/4(1.055x10^  Js) 


= 2.5x10"  iad('i 


2mRl  2(9.109x10'"  kgXl.OxlO'1'  m)‘ 

(b)  » = nw=(1.0xl0'1’  m)(2.5xlO"rad/s)  = 2.Sxl0"  m/s. 

EVAIXATE:  This  it  mtarh  greater  than  the  speed  o I light  c.  so  the  model  cannot  be  valid. 

However  the  number  af  electrons  B obtained,  the  re  wild  mutt  be  consilient  with  Table  (41.3);  adding  two  mow 
electron*  to  the  zinc  configuration  giver  li‘2i'2p‘3ii3p'4ii3d“4pi  . 

The  ten  loweil  energy  level,  lor  electron.  sreinthen  = larxln  = 2 .hell.. 


n=U=0.m,=0. 

n=2./=0.m.=0. 


m,  = ±-:2Batev. 


m'=±t2 


n =2./  = 1.  wi  =0.  ±L  m = ±-:6stales. 


For  the  enter  electron.,  there  are  more  inner  electron,  to  screen  the  nucleus. 

iDEVnrv  and  SET  Up:  The  energy  of  an  atomic  level  is  given  m term,  ol  n and  Za  by  Eq.(4  1 .27). 


C.= 


(13.6  eV).  The  Mmiralioo  energy  lor  a level  with  energy  -£,  it  * £ 


EXEtTTE:  n = 5 and =2.771  give.  £5  = ->?^"  (13.6 eV)  = -4.18  eV 
The  ionisation  energy  B 4.18  eV. 

EVAIXATE:  The  energy  of  an  atomic  Bate  U proportional  to  Z^ . 

For  Ibe  4i  .late.  £ = -4.339  eV  and  Z*  = 4J^4J39)/(-13.6)  = 22b.  Similarly.  Z„  = 1 .79  for  Ibe  4p  Bate  and 
1.05  for  the  id  Bate.  The  electron,  in  Ibe  .tote,  with  higher  I lend  to  be  further  away  from  the  filled  .ubihell.  and 
the  screening  is  more  complete. 

IDEVnrv  and  SET  Up:  U*e  the  excluBon  principle  to  determine  the  ground- stale  electron  configuration,  a.  m 
Table  41.3.  Estimate  ibe  energy  by  estimating  Z^.  taking  into  account  the  electron  vreening  of  the  nucleus. 
Execvte:  (a)  Z = 7 for  mtrogen  so  a nitrogen  atom  ha.  7 electrons.  N1*  hat  5 electrons;  h‘2s‘2p. 


(b)  Z„  =7-4  = 3 for  the  2p  level. 
j(13.6  eV)  = -^(13.6  eV)  = -306  eV 

(c)  Z = 15  for  photphoeu.  so  a pho.phoru.  atom  ha.  15  electrons 
P**  ha.  13  electrons:  U ‘iSlp'iSip 
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41.30. 


41.31. 


41.32. 

41.33. 


41.il. 


41.35. 


(d)  Z*  =15-12  = 3 for  the  V level. 

|<13.6  eV)  = -^(13.6  eV) =-13.6  «V 

Evaluate:  In  Iheie  ions  there  a one  electron  oulsiifc  filled  subsbelli.  to  it  it  a reasonable  approximation  to 
assume  lull  screening  by  there  innet-subshell  electron!. 

(a)  £,  = -B^rVzl.  to Z^  =1.26. 

(b>  Similarly.  Z^  =226. 

(c)  Z^  become!  larger  going  down  the  columns  in  the  periodic  table. 

IDE-Vnrv  and  SET  Up:  Estimate  Z^  by  coniKleting  electron  screening  and  use  Eq.(4 1 .27)  to  calculate  the 
energy.  Z^  is  calculated  at  in  Example  41.8. 

Execute:  (a)  The  element  Be  hat  nuclear  charge  Z = 4.  The  ion  Be*  hat  3 electron!.  The  outermoit  electron 
wet  the  nuclear  charge  screened  by  the  other  two  electrons  to  Ztt=  4-2  = 2. 

- 2' 


(13.6  eV)  so  £,  = ---(13.6  eV)  =-13.6  eV 


-■ 


(b)  The  outermost  electron  in  Ca  tees  aZ,=2  £.  = -—^(13. 6 eV)  = -3.4  e V 


Evaluate:  For  the  electron  in  the  highest  f-itate  it  is  reasonable  to  assume  full  screening  by  the  other  electrons, 
as  m Example  41 .8.  The  highest  1-states  of  Be*.  Mg*.  Ca*.  etc.  all  have  aZ,  = 2 But  the  energies  are  different 
because  foe  each  ion  the  outeemott  sublevel  has  a dilferent  n qumtum  number. 

£„  = (Z-l)’(10.2  eV).  Z ■ 1 * „!"46,IU  = 28.0.  which  corresponds  to  the  element  Nickel  (Ni). 


102  eV 

(a)  Z = 20 : / = (2.48X  10“  Hz)(20 -1)'  = 8.95x  10“  lit . 

£ = hf  = (4. 14 x 10-“  eV  !) (8.95 x 101’  lit)  = 3.7 1 keV.  \ = L=  :‘°*  = 3-35 x 10^ 

(b)  Z = 27:  / = 1.68x10"  Hi.  £ = 6.96  keV.  A = 1.79x10*“  m. 

(c)  Z = 48:  /=  S.48X  10“  Hr.  £ = 22.7  keV.^  = 5.47x10*"  m. 


Identity:  The  orbital  angular  momentum  is  limited  by  the  shell  the  elec  tron  ii  in. 

SET  Up:  Foe  an  electron  in  the  n shell,  its  oebital  angular  momentum  quantum  number  1 is  limited  by  0 < I < n. 
and  its  oebital  angular  momentum  is  given  by  £ = %l'/(/  + l)  ft . The  ^-component  of  its  angular  momentum  is 

£,  =m/'.  where  m,  = 0.  * 1 tl.  and  it!  spin  angular  momentum  is  S = N'3/4  ft  for  all  electrons.  Us  energy  in 

the  n“  shell  is  £.  = -d3.6eVVaJ. 

Execute:  (a)  £ = ^1(/*1|  ft  = 12ft  ->  / = 3.  Therefore  the  smallest  Ihit  r.  can  be  is  4.  so  £.  = - ( 13.6  eVVn:  = 

- ( 1 3.6  eVV4:  = -0.8500  eV. 

<b)  H»r  / = 3.  m,  = ±3.  i2.  ±1.0.  Since  £ =mjft.  the  largest  £,  can  be  is  3 ft  and  the  smallest  it  can  be  is -3  ft  . 

<c)  S = ^3/4  ft  for  all  electrons. 

<d)  In  this  case,  n = 3.  so  / = 2.  1. 0.  Therefore  the  maximum  that  £ can  be  is  /_  = ^2<2  + l)ft  = <feft.  The 
mrnimum  £ can  be  is  «ru  when  / = 0. 

Evaluate:  At  the  qumtum  level,  electrons  in  atomi  cm  have  only  certain  allowed  vakes  of  their  angular  momentum 
iDEvnrV:  The  total  energy  determines  what  shell  the  electron  is  in.  which  limits  its  angular  momentum. 

SET  Up:  The  electron’s  orbital  angular  momentum  u given  by  £ = ,//(/  + !)  ft.  and  its  total  energy  m the  n*  shell 
is  £.  =-(13.6  eVy»iJ. 

Execute:  (a)  Fust  find  n:  £ = -<13.6eVyn'  = - 0.5440  eV  wluc*  gives  n = 5.  lof  = 4. 3.2. 1. 0.  Therefore  the 

possible  values  of  £ are  given  by  £ = v‘/(/  + 1)  ft  . giving  £ = 0.  «6ft.  JH ft.  ,/20ft. 

lb)  £,  = - (13.6  eVV6J  = -0.3778  eV.  ££=£,-£,  = -03778  eV  - (-05440  eV)  = -*0.1662  eV 

Thu  muit  be  the  energy  of  the  photon,  so  A£  = hc/A.  which  give! 

A = hdAE  = (4.136  x 10*“  eV  j X3.00X10*  mfry(0.1662  eV)  = 7.47  x Iff*  m = 7470  nm.  which  is  in  the  infrared 
and  hence  not  visible. 

Evaluate:  The  electron  can  have  any  of  the  five  possible  values  for  its  angular  momentum,  but  it  cannot  have 
any  others. 
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IDEYTOV:  Ivr  the  V 4ieU.  n = 4.  which  liimLs  the  values  of  the  other  quantum  number*. 

SET  Up:  In  the  /i*  shell  0 / < r.  me  = 0.  ±1 ±J.  anJ  m,  = ±1/2.  The  orbital  angular  momentum  of  the 

cleclrun  is  L = %iV(/  + 1)  A and  its  spin  amgular  momentum  is  5 = Nt374  A . 

EXECUTE:  (a)  For/ = 3 we  can  have  m(  = ±3.  ±2±.  ±1. 0 and  m,  = ±V1  for  / = 2 we  can  have  otj  = ±2.  ±1. 0 and 
m,  = ±36;  tor  /=  1.  we  can  have  m,  = ±1. 0 and  mJ  = ±1/2  ; for  / = 0.  we  can  have  m,  = 0 axnl  ot,  = ±1/2. 

(b)  for  the  iV shell,  n = 4.  and  for  an /-electron.  / = 3.  giving  L = N,7(/  + l)ft  = %i3<3  + l)  A = ^T2/: . L,  = 
m/’  = ±3 A.  ±2/).  ± A.  0,  sw  the  maximum  value  is  3/: . S = J3/4  A for  all  electrons. 

(c)  For  a «i -state  electron.  / = 2.  giving  L = ^2(2  + 1)  A = JhA  . ^ - mh,  and  the  maximum  value  of  mi  is  2.  so  the 
maximum  value  of  U is  2 A . The  smallest  angle  occurs  when  is  roost  closely  aligned  along  the  angular 

momentum  vector,  which  is  when  L,  is  greatest  Therefore  costf^  = — = -XiJ-  = -i  and  = 35.3'’.  The  largest 

L yJ6f:  yJ6 

ingle  occurs  when  L,  is  as  far  as  possible  from  It*  L-vector.  which  is  when  L,  is  roost  wgative.  Therefore 

(d)  Hui  1»  not  powiblr  lioce  / = 3 for  an /-cleclxun.  bul  in  the  M shell  the  maximum  value  of  / is  2. 

EVALUATE:  Hie  fact  lhal  the  angle  In  part  (c)  cannot  be  zero  telh  t u that  the  cubital  angular  momentum  of  Ibe 
electron  cannot  be  totally  aligned  along  any  specified  directico. 

iDEVnrV:  The  inner  electrons  i*ieW  part  of  the  nuclear  charge  from  the  outer  electron 

z2 

SET  Up:  The  electron’s  energy  in  the  li*  shell,  due  to  shielding,  is  Em=  £-(13.6cV) . where  Z*  r is  the 

effective  charge  that  the  electron  "sees”  for  the  nucleus. 

Z‘  I ra‘v-i  947  »vi 

EXECUTE:  (a)  E,  = S-113.6  eV)  and  n = 4 foe  the  4r  state.  Solving  for  Zrf  gives  Zm  = I- 

n 1 13.6  eV 

= 1.51.  The  nucleus  contains  a charge  of > 11  r.  ki  the  average  number  ol  electronsthat  screen  Out  nucleus  molt 
be  1 1 - 1.51  = 9.49  electrons 

(b>  (I)  The  charge  of  the  nucleus  is  »19c.  but  172c  is  scieened  by  the  electrons,  so  the  outer  eketroo  "sees”  19c  - 
172c  = 1.8c  and  Z,r=  1.8. 

(ii)  £4  =-££-(13.6  eV)  = -li^L(13.6  eV)  = -2.7S  eV 

Evaluate:  Sodium  has  1 1 protons,  so  the  inner  10  electrons  shield  a large  portion  of  (his  ch»ge  from  the  outer 
electron.  Bul  they  don’t  shield  10  of  the  protons.  since  the  inner  electrons  are  not  totally  equivalent  to  a uniform 
spherical  shell.  CThey  are  lumpy.) 

See  Example  41 .3;  r 1 k.f  = Cr V"\  J('  = Ce-w-(2r  - (2 S/a)),  and  tor  a maximum,  r = a the  distance  of 


the  electron  from  the  mxleus  in  the  Bchr  rxxxSel. 

(a)  IDENTIFY  aixl  SET  UP:  The  energy  is  given  by  Eq.(38.18).  which  is  identical  U>  Eq.(41.3).  The  potential 
energy  is  given  by  Eq.(23.9).  with  q = +Ze  and  q.  = -e. 


Execute:  £=- 


U (r)  gives  - 


2Ji 

1 me' 


>«=-  1 «■ 


4,'i 


1 e1 


(4iTF2F__4ir., 


(4Jnb)2Aa 


= 2a 


EVALUATE:  The  turning  point  is  twice  the  Bohr  radius. 

(b)  iDEVnry  and  SET  UP:  For  the  lr  state  the  probability  that  the  electrvo  is  in  the  classically  forbidden  region 
is  />(r  > 2a)  = ~ |?i,  f rldr  The  normalized  wave  function  of  the  1/  state  of  h>xlrogeo  is  given  in 

41.3:  l/b(r)  - ■ * e~*u.  Evaluate  the  mlegral:  t be  inlcgrand  is  the  same  as  in  Example  41.3. 

Jxa 


P(r>  2n)  = 4ffj ' ' 


2 -hf*  . 

re  dr 


Execute: 
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Use  the  integral  lonnula  |*  r V~dr  = V*  + + . with  O'  = 2/a. 


P(r>2a)  = 


"7 


1x4*7;=*^*“'*“' 


PCr  > 2a)  = 4r"*(l  3/4)  = lie-*  = 0.238. 

Evalcaje:  These  It  a 23.8%  probability  ol  the  electron  being  found  in  the  classically  forbidden  region.  wbeie 
classically  its  kinetic  eoetgy  would  be  negatise. 

(a)  Rk  large  values  ofn.  the  inner  electrons  will  completely  shield  the  nucleus.  soZ4=l  and  the  iooiralloo 
would  be! l**L. 


!3.WcV 


_^_  = l.llxl(r  cV.rw  = (350r^  = (350)1 (0.529x10“*  m)  = 6.48x10^  m 


/=  1. 

LXECVTE;  I 


(c)  Sxmihrly  lor  n = 650.  U =3.22x10^  eV.  rw  ^S^O^xlCr"  m)  = 2.24x1 0~5  m. 

(650) 

(a)  Identify  and  SET  Up:  Let  / = \y^  f dV  = 4*  J \y^  |* r2dr.  If  is  normalized  then  we  will  find  that 

u! 

Use  the  integral  lonnula  | ^ x*r  dx  = —T,  with  a = 1/a 

' = j^r) 4<2><a,)-l(3rXa)‘  + ir(4!Xa>’  ’;  = I(8  - 24  + 24)  = U this  p-*.  is  normalised. 

(b)  SET  Ik  Rk  a spherically  symmetric  stale  such  as  the  2».  the  probability  that  the  electroa  will  be  found  at 

r < 4a  is  P(r < 4a)  = = is^^r'dr. 

EXECVIE:  P(r  < 4a)  = — 4ri-4_.Ir  |,""dr 


Let  P{,<4 *)  = _,.</,  + /,  + /,). 

/1=4jVe-"'* 

Use  the  integral  lonnula  Ir'e^dr  = -e~"  4*2^+^  with  a = 1/a. 

/,  = -4|e‘"'<r,a  ♦ 2 ra1  *2 o’  = (-104e  ■*  * 8)a’. 

/l=-ijVe^ 

Use  the  integral  lonnula  jr'e^dr 

I,  = l|e-"*(r’<r  * 3rV  + 6ra’  ♦ 6a*)]  J*  = (568e-*  - 24)a’. 
a 

Use  the  integral  lonnula  Jr4e“*</r  =-e*^  ^ + ^ + 1^-  + ^,!  + j with  tf  = l/a. 
/ = -- L-I  *”u(r4a  + 4r*a2  + 12/V  ♦ 24ra4  + 24a5 ))  J-  = (-824^  + 24)as. 


. r1  3r2  6r  6 i . 

— + — r+_T  + _ with  a = \/a. 

a if  a a 


41-8  Chapter  41 


41.42. 


41.43. 


41.41. 


41.45. 


41.46. 


Thus  P(r  <4a)  = — + /.+/.)  = — t«i>(|8 -24  + 241  + e'l-KM  + 568  - 824 1> 


P{r  < 4a)  = -(8  - 360*"4)  = 1 - 45c-4  = 0. 176. 

EVALUATE:  There  is  an  82.4%  probability  that  the  electron  will  be  found  at  r > 4a.  In  the  Bofai  model  the 
electron  is  fox  certain  at  r=4o;  this  is  a poor  description  of  the  radial  probability  distribution  for  this  stale. 

(a)  Since  the  given  <y(r)  is  real.  r1  I y f=  rV1.  The  probability  density  will  be  an  extreme  when 

iL(rV)  = 2|  ryl  + rV^-  j = 2ryj  ^ + J=0.  This occurs  at  r = 0. a minimum,  and  wben  p = 0. also  a 

minimum.  A maximum  must  correspond  to  ^ = 0.  Within  a multiplicative  constant.  y(r)  = (2  - r/a)e"' lJ. 

— = --(2 - rf2a)e*'**.  and  the  coalition  for  a maximum  is  (2  - r/a)  = (r/a)  (2-r  2a). or  r1  - 6ru  + 4a1  = 0. 
dr  a 

The  solutions  to  the  quadratic  are  r = a(3±  J5).  Hie  ratio  of  the  probability  densities  at  these  radii  is  3.68.  with 
the  larger  density  at  r = a( 3 + jS)  . 

(b)  vv  = 0 at  r = 2u 

Parts  (a)  and  (b)  are  consistent  with  figure  41.5  m the  textbook;  note  the  two  relative  maxima,  one  on  cxb  side  of 


the  minimum « A zero  al  r = 2a 


iDEVnrY:  Use  Figure  41.2  in  the  textbook  to  relate  0L  to  L,  and  L.  cos  0L  = so  0L  = arccos  ^ 

(a)  SET  UP:  The  smallest  angle  {$L  )mM  is  for  the  state  with  the  largest  L and  the  largest  Ibis  is  the  state  with 
f=#i-l  and  m,  =/  = i-l. 

EXECUTE:  L = nij**  = (n  - 1)/V 

L = niY(/  + 1);.’  = N(n-l)fifc 


, Cn-lVi  (n-1) 

i)—  = arccos  I — = arccos  -- 

^ J(#i-l)#ift  N<n  - l)n  , 


= arccos*  vi-Wn). 


Evaluate:  Note  that  appruixbes  CP  as  n-*oo. 

(b)  SET  UP:  Tbe  largest  angle  is  for  / = *-l  and  =-/  = -(J»-l». 

EXEtXTE:  A similar  calculation  to  part  (a)  yields  (^t)M  - axccos(-vl-l/n) 

EVALUATE:  Note  that  appro* hes  18(7’  as 

(a)  L\  * L\  = 1}  - 1}  = 1(1  + mJ  - m,V  *o  = ^(/  + 1) 

(b)  This  is  the  magnitude  of  the  component  of  angular  momentum  perpendicular  to  the  r-axis. 

(c)  The  maximum  value  is  ^7(7+1)*  = L when  m,  =0.  Hat  is.  if  the  electron  is  known  to  have  no  '-component 
of  angular  momentum,  the  angular  momentum  nxisf  be  perpendicular  to  tbe  *«axis.  The  minimum  is  Jif\  when 
m =±/. 


w=  2^7“ 


e • . — =i r 11  4r*-L  |e°,2j.  — = 0 when  4r* - — = 0.  r = 4a.  In  the 

dr  24  a 


model.  = nla  so  r2  - 4a.  which  agrees. 

Ax  0-5CW  m 

The  time  required  to  transit  tlx  horizontal  50  cm  region  is  t = — = — = 0.952  ms.  The  force  required  to 

deflect  each  spin  cun^nment  by  0.50  mm  is  F=ma=tm**=±'  WMxlQ-m) 

a ‘ I 6.022x10^  atoms,  mol  (0.952x10°  s)1 

±1.98x10"“  N.  According  to  Eq.(41.22).  the  value  of  //,  is  l/if  1 = 9.28x10"*  A m1.  Thus,  tbe  required 
magnetic- field  gradient  is 


JB, 

F 

<k 

•v 

1.98x10^  N 

= 9.28X10--  I T Tm 
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41.49. 


41.50. 


Decay  from  a 3J  to  2p  stale  in  hydrogen  means  that  n =3  -» #i  = 2 and  m,  = ±2.  ± 1. 0 -♦  m{  = ±1. 0.  However 
letarticn  rules  limit  the  possibilities  for  decay.  The  ecmtled  ffcoton  carries  off  one  unit  ol  angular  momentum  so 
/ must  change  by  1 and  hence  m,  must  change  by  0 or  ±1.  The  shill  in  the  transition  eixrgy  from  the  zero  field 

ef\B 

value  is  Just  U = (n^  -mh  )/i - mli ).  where  is  the  3<f  m,  value  and  m.;  is  the  2pm,  value.  Tbu* 
there  are  only  three  different  energy  shifts.  'Hxy  and  the  transitions  that  have  them,  labeled  by  the  m,  names,  arc: 

2m 

0:1-*L 


1 — > 0.  0-»-l 
0-.0,  — I — » — 1 


:0-*l  -l-*0.  -2  -*-l 
2m 

iDEvnrv:  The  piwor  of  an  external  magnetic  field  shills  the  energy  level*  up  or  down,  depending  upon  the 
value  of  m, 

SET  Up:  live  selection  rule*  tell  u*  that  fee  allowed  transitions.  A/  = 1 and  Aim  = 0ce±l. 

Execute:  (■)£  = hc/X  = (4M6x  Itr”  eV  s X3.00x  10,mf*y(475.082  mn)  = 2.612  eV. 

lb)  B»r  allowed  transitions.  Af  = 1 and  Aon  = 0 or  ±1 . Kk  the  3<f  state,  n = 3. 1 = 2.  and  m,  can  have  the  values  2.  1. 

0.  -1.  -2.  In  the  2e  state,  n = 2 / = 1.  rod  mi  can  be  1. 0.  -1 . Therefore  the  9 allowed  transitions  from  the  M state 


in  Ibe  peeieocc  of  a magnetic  field  are: 

/ = 2 . mf  = 2 — /=  1 

^.=  1; 

/ = 2.m,=  1 — /=  1 

m,  = 0 

/ = 2.m,=  l — /=! 

m<=  1 

/ = 2 . m*  = 0 — /=  1 

IF*  = 0 

/ = 2.m,  = 0 — /=! 

= 1 

/ = 2.m,  = 0 — /=  1 

IT8f  = -l 

/ = 2 . m,  = -l  — /=  l.m,-0 
/ = 2 . m,  = -l  — 1=  1 . «m,  = -1 

/ = 2 . m,  = -2  — f=l.m,  = -l 

(c)  A E = UtB  = (5.788  X 10J  eWTX3  500  T)  = 0.000203  eV 

So  the  energies  of  the  new  states  are  -8.50030  eV  * 0 and  -8.50000  eV  ± 0.000203  eV.  giving  energies  of: 
-850020  eV.  -8503C0  eV.  and  -8.49980  eV 

(d>  The  energy  dilferences  of  the  allowed  tranutxins  are  equal  to  the  energy  dilferences  if  no  magnetic  field  were 
present  (2.61 176  eV.  from  part  (a)),  and  that  value  lA £ (0.000203  eV.  from  part  (c)).  Thetefcee  we  get  tbe 
following. 

For  £ = 2.61 176  eV:  X = 475.082  nm  (whkb  was  given) 

For  £ = 2.61 176  eV  ♦ 0.000203  eV  = 2.61 1963  eV: 

X = hc/E  = (4. 136  xl0~”  eV  • s X3.00  X 10*  m»»V(2.61 1963  eV)  = 475.045  nm 
For  E = 2.61 176  eV  - 0.000203  eV  = 2.61 156  eV: 

X - hc/E  = (4.136  xlO"15  eV  »X3.00x  10,m'*W2.61 156  eV)  = 475.1 19  nm 
EVAIXATE:  Even  a strong  magnetic  field  produces  small  changes  in  the  energy  levels,  and  hence  in  the 
wavelengths  of  the  emitted  light 

iDEVnrY : The  presence  of  an  external  magnetic  field  shills  tbe  energy  levels  up  or  down,  depending  upon  the 
value  of  m, 

SET  Up:  The  energy  difference  due  to  the  magnetic  field  is  A£  = (ipB  and  the  energy  of  a photon  is  E = hc/A 

Execute:  For  tbe  p state,  im  = o or  ±1 . and  for  the  ! slate  im  = 0.  Between  any  two  adjacent  lines.  A£  = jiofi. 

Since  the  change  in  tbe  wavelength  (A2)  is  very  small,  the  energy  change  (A E)  is  also  very  small,  so  we  can  use 

hi  . hcXk  _.  _ hcA^  hc&A 

. Since  A£  = u,B.  we  get  o,fl  = 


dilleieotials.  E = hc/X  . Id£ 


and  AE  = 


X-  ' A' 

B = (4.136  x ID"1’  eV  s)(3.00x  lO’nVsXO.0462  nmV(5.788  X Iff’  cV/TX57S.OSO  nm)1  = 3.00  T 
EVALUATE:  Even  a strong  magnetic  field  produces  small  changes  in  the  energy  levels,  and  hence  in  tbe 
wavelengths  of  the  emitted  light. 

(a)  The  energy  shift  from  zero  field  is  AU0  = m>i/aB. 

Fee  m,  = 2.  A Ut  = (2)  (5.79X  10“’  e V,.T)  (1 .40  T)  = 1 ,62x  10-4  eV. 

Fee m,  = 1. AI/,  = <lK5.79xl0~,eV;T)(1.40T)  = 8.11xl0'’  eV. 

(b»  IA2t  4^"*  where  ^ =(13.6eVX(l/4)-(l/9».  =|  ^ |i  = 6.563xl0'’  m 
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and  A£  = 1.62x1  CT4  cV-8.1  IxlO"5  eV  = 8.09x10"*  cV  from  part  (a).  Then.  1^1  = 2.81x10"“  m = 0.0281  nm  . 
The  wavelength  corresponds  to  a larger  energy  change,  and  so  the  wavelength  is  smaller. 


IDEYTIFY:  The  rabo  occur  ding  to  tbe  Boltzmann  distribution  is  pven  by  Eoj.f38.21):  — = c 


where  1 is 


the  higher  eoergy  stale  and  0 is  tbe  lower  energy  slate. 

SET  Up:  Tbe  interaction  energy  with  the  magnetic  liekl  is  U = -/J,B  = 2.C0232  j — m,£  (Example  41 .5.).  The 

2m 

energy  of  the  m,  = +i  level  is  increased  anJ  the  eoergy  of  the  mt  = -i  level  is  decreased. 

'Vi  - 
n-vi 

tXKXTE:  Um  - UmUt  = 2.00232 j II  ;B|  I-|  -I ; =2.00232;  ll  8 = 2.00232 ^8 


Zm.=e 

n-vi 

(a)  B = 5.00xlO"5T 

*1(2  _ 2UOJ*  Ata1 « J K»1C  1 ^IIJtMr41  IVISXK) 

n-Vl 

^2.  = ^ = 0.99999978  = 1-2.2 Xl0*! 

n-vi 

(b)  8 = 5.00x10"’  T.  =0.9978 

"-Cl 


(c)  8 = 5.00x10"’  T,  i2- = *"“*■“*  =0978 


-VI 


EVALUATE:  Fur  small  fields  the  energy  separation  between  tbe  two  spin  stales  b much  less  than  kT  for 
7 = 300  K and  tbe  stales  are  equally  populated.  Ex  B = 5.00  T tbe  energy  spacing  is  large  enough  for  there  to  be 
a small  excess  of  atoms  in  the  lower  state. 

Using  Eq.(41 .4).  L = mvr  = %//(/  + 1)£,  and  the  Bohr  radius  from  Eq.(3S.15),  w*  obtain  the  following  value  for  v : 

V = ^'f<ftIVl  = V^-Mxnr0*  I «)  — =7.74x10' m,/!.  The  magnetic  field  gewrjied  by  ihe 

min'd))  2r(9.1  1x10"“  kg)<4) (529x10"“  m) 

'moving"  proton  at  the  dectran*  potliiun  can  he  calculated  from  Eq.(28.1): 

fl=M.|ll2^#=  J =0.277  T. 

4.t  r!  <4(J  (5.29x10"“  m)‘ 

iDEVnFY  and  SET  UP:  m can  take  on  4 different  values:  m = -2.  - i.  +i.  + -.  Each  nim.  stale  can  haw  4 

' 2 2 2 2 

electrons,  each  with  one  of  tbe  four  different  mt  values.  Apply  tbe  exclusion  principle  to  determine  the  electron 
configurations. 

Execute:  (a)  For  a filled  n - 1 shell,  the  electron  configuration  would  be  lx4;  lour  electrons  and  Z = 4.  Ex  a 
filled  n-2  shell,  the  electron  configuration  would  be  lf42a42/>u;  twenty  electrons  and  Z = 20. 

(b)  Sodium  has  Z = 1 1;  11  electron.  Tbe  ground-state  electron  ccnfigurabon  would  be  li42f42p\ 

Evaluate:  The  Chemical  properties  of  each  element  would  be  very  different. 

(a)  Z2  (-1 3.6  cV)  = (7)2  (-13.6  e V)  - -666  e V. 

(b)  The  negative  of  the  result  of  part  (a),  666  eV. 

(c)  The  radius  of  the  ground  slate  orbit  is  inversely  proportional  to  the  nuclear  charge,  and 
—=(0529x10"*  m)/7  = 7-56x10"*  m 


wi-3= 


. »tocre  £ a the  energy  found  in  pan  (b).  and  X = 2.49  nm. 
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41.55. 


41.56. 


41.57. 


(a)  IDENTIFY  mxl  SET  Up:  The  energy  of  the  photon  equals  the  transition  energy  of  the  atom;  A£  = he IX.  The 

energies  of  the  Hates  are  given  by  Eq<41.3). 

_ _ 13.60  eV  _ 13.60  eV  . _ 13.60  eV 

Execute:  £.  = - . — so  £,=- — and  E,  = - ^ 

1 j 

A£  = £.-£  = 1 3.60  eV  — + 1 1= -03.60  eV)  = 10.20  eV  = 0020  eV)<  1 .602  x 10*“  J/eV)  = 1 .634  x 10'"  J 


4 4 

he  (6.626X  10'“  J »)<2.998x  10*  ns's* 


A E 


1.634x10'"  J 


= 1.22x10'’  m = 122  tun 


(b)  iDEVnrY  and  SET  UP:  Calculate  the  change  in  A£  due  to  the  cubital  magnetic  interaction  energy. 

Eq.(41.17).  and  relate  this  to  the  shift  Ai  in  the  photon  wavelength. 

Execute:  The  shift  of  a level  due  to  the  energy  of  Interaction  with  the  magnetic  field  in  the  .--direction  is 
V = 01,14ft.  The  ground  state  has  m,  = 0 so  is  unaffected  by  the  magnetic  field.  The  n = 2 initial  state  has 
m,  = -l  soils  energy  Is  shilled  downward  an  amount  V = m,/4B  = (- 1X9.274  xl0~“  A/mJ)(220  T)  = 

(-2. 040x10*"  JX1  eV/1.602xl0“"  J)  = 1273x10'*  eV 

Note  that  the  shill  In  energy  due  to  the  magnetic  Geld  is  a very  small  fraction  of  the  102  eV  transition  energy. 
Problem  39.56c  shows  that  in  this  situation  |&2/.4|=  |A£7£|.  This  gives 

|A2|=^|AE/£|  = 122  nm  = 1.52x10-*  an =1.52  pm. 

Evaluate:  The  upper  level  in  the  transition  is  lowered  in  energy  so  the  transition  energy  is  decreased.  A smaller 
A £ means  a larger  2;  the  magnetic  field  increases  the  wavelength.  The  lr*tional  shift  in  wavelength.  A AlX  is 
small,  only  12X10*5. 

The  effective  Geld  is  that  which  gives  rise  to  the  observed  difference  in  the  energy  level  transition. 

B = — =— I .Substitution  of  numerical  values  gives  B = 3.64xlOJT.  much  smaller 

'•a  /V  f I ) 

than  that  for  sodium. 

iDEVnrv:  Estimate  the  atomic  transition  energy  and  use  Eq.(38.6)  to  relate  this  to  the  photon  wavelength, 
la)  SET  UP:  vanadium.  Z = 23 

nunutum  wavelength;  corresponds  to  largest  transition  energy 

Execute:  The  highest  occupied  shell  is  the  .V  shell  (n  = 4).  The  highest  energy  transition  is  iV  ->  K.  with 
transition  energy  A£  = £,  - £,.  Since  the  shell  energies  scale  like  1 In1  neglect  £A.  relative  to  £,.  so 
A£  = £,  = (Z  - 1)'(1 3.6  eV)  = (23  - 1)*(1 3.6  eV)  = 6.582x10’  eV  = 1 .055  x 10'"  J.  The  energy  of  the  emitted 
photon  equals  this  transition  energy,  so  the  photon's  wavelength  is  given  by  A £ = he  I A so  X = he/AE. 


X = 


(6626X10'“  J SX2.998X  10*  m/s) 


= 1.88x10  m = 0.163  am 


1 .055  x 10  J 

SET  Up:  maximum  wavelength:  conesponds  to  smallest  transition  energy,  so  foe  the  Ka  transition 
Execute:  The  frequency  of  the  photon  emitted  in  this  transition  is  given  by  Moseley's  law  (Eq.4129): 

/ =(2.48x10“  Hz)(Z-l)J=(2.48xl0"  HzX23-l)*  =!.200xlO"  Hz 

i=lm.2g,|tfn>  .250XT"  — 0250  nm 

/ 1200X10"  Hr 

(b)  rhenium.  Z =45 

Apply  the  analysis  of  pan  (a).  Just  with  this  different  value  of  Z 
minimum  wavelength 

A £ = £,  = <Z  - 1)'(1 3.6  eV)  = (45  - 1)1  (13.6  eV)  = 2.633x  10*  eV  = 4218x  lO"1’  J. 

X = hcl&E  = *6  6^6,1^  >*  £ •tX2998xlOl  m's)  -^.xip-11  m = 0.0471  nm. 

4.218x10’"  J 

maximum  wavelength 

/ = (2.48x10"  Hz)(Z-l)2  = (2.48x10*  lt*X45-l)a  S4.801X1011  Hr 

-1  = 1=  = 624x10'“  m = 0.0624  ran 

/ 4.801X10*  Hz 

EVALUATE:  Our  calculated  wavelengths  haw  values  corresponding  to  x rays.  Hie  transition  energies  increase 
when  Z increases  and  the  pbjlon  wavelengths  decrease. 
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41.58. 


41.59. 


41.60. 


41.61. 


41.62. 


(a)  AE=(2.00232)^flAS,-— B = ^->fi=^^ 

<b>  B - ll,*°  " <3-00x10*  id  *)  _ Q 3Q7  T 

(0.0350  raXlbOxlO*"  C) 


(a)  To  calculate  the  total  number  of  si ales  for  the  n * principal  quantum  number  shell  w*  nxist  multiply  all  the 
possibilities.  The  spin  stales  multiply  everything  by  2.  The  maxucwm  l value  is  (n  -1).  and  each  / value  has 
(21  + \)m(  values.  So  the  total  number  of  states  is 

.V  = 2Y  C2y  * 1)  = 2Y 1 + AT  I = 2*  *■  = 2n  ♦ 2n'  - In  = ln‘. 


(b)  The  n = 5 shell  (0- shell)  has  50  stales. 

IDEVTIFY:  We  treat  the  Earth  as  an  electron. 

SET  Up:  The  intrinsic  spin  angular  momentum  of  an  electron  is  S 
spinning  Earth  is  S = Ia>,  where  / = 2/5  m/C. 

Execute:  (a)  Using  S = l&=  h and  solving  for  Ogives 

_ J|(1055X1C“J  «) 


usd  the  angular  momentum  of  the 


ZmR*  -(5.97x10*  kg)(6J8xl</  m 


= 9.40x!0“,J  raVx 


(b)  We  could  not  use  this  appruich  cm  the  electron  becaine  in  cranium  physics  we  do  not  view  it  in  the  classical 
sense  as  a spinning  ball. 

Evaluate:  The  angular  velocity  we  have  just  calculated  for  the  Earth  would  certainly  be  mashed  by  its  present 
ingular  spin  o!  ooe  revolution  per  dav. 


i , 


The  potential  U(x)  = —kx  is  that  of  a simple  harmonic  oscillator.  Treated  quantum  nxchamcally  (see  Section  40.4) 


each  energy  stale  has  eoergy  £.  = Aco  (n  + J)  Since  elec  trons  obey  Ibe  exclusion  prircipie.  this  allows  us  lo  put  fnvj 
electrons  (one  for  each  m,  = ±J)  tor  every  value  of  n — each  quantum  state  is  then  defined  by  the  ordered  pair  of 
quantum  numbers  («.  mX  By  pUnng  two  electrons  in  each  eoergy  level  the  lowest  eoergy  is  then 


;iQ»|iV' -N  + N]  = h<oN‘  = w‘  1^. 


(.V-1X.V)  _ ,v 
2 2 


Hoc  i»e  used  Ibc  hint  flora  Problem  4 1 .59  lo  <lo  Ibe  lust  sum.  realizing  dial  Ibe  fust  value  of  n is  zoo  anil  the  lax 
value  ifdiiV-l.  giving  us  a total  of  «V  energy  leveli  filled. 

(a)  Apply  Coulomb's  b»  to  the  cebiting  electron  and  set « equal  lo  the  centripetal  fence.  There  is  an  attractive 

(+2e)(-e)  . (-eX-e) 


tone  with  charge  +2e  a dislance  r away  and  a repulsive  force  a distance  2r  away.  So. 


But.  Horn  the  quantization  ol  angular  momentum  in  the  first  Bohr  orbit.  L = mvi  = ft  » » = — . 


So 


-2e*  t‘ 

*’V‘  H(4r)‘ 


-7e,=_4r«X 


r=l|  4,V'  =1^=1(0.529x10**  m) -3.02xl0~"  m 

-ft  7 ft  7 (1.054X10-“!-*)  . , 

And  ,•  = — = = 2-3, —j. — = 3.83x10*  m l 

mi  4 ma,  4(9.11Xl(r,kgX0529xl0-^ra) 


(b>  K=2|  mv‘  | =9.1 1x10-“  kg  (3.83x10*  m/s)' =1.34xHT7  J=  83.5  eV. 
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(c)  {/  = 


-2** 


= -2.67xlQ“p  J = -166.9  cV 


\**Y  , 4^(2 r)  4 rV  4.x£,(2r)  2 .4:V  ; 

<d>  £.  = -|-166.9  eV  + 83 3 cV)  - 83.4  cV.  which  is  only  off  by  about  S%  from  the  real  value  of  79.0  cV. 
41.63.  (a)  The  radius  is  inversely  proportional  to  Z so  the  classical  turning  radius  is  2 aiZ. 


(b>  The  normalized  wave  function  a y^fr)  = — c 

Jxa*  ZJ 


md  the  notability  of  the  electron  being  found 


outside  the  classical  turning  pom l is  P = j ” 4xridr  = - r f ” ^ e^^r^dr.  Making  the  change  of  variable 


u - Zr  !a . dr  = (< a/Z)du  changes  the  integral  lo  P = 4 1*  "e^u'du.  which  is  independent  of  Z The  probability  is 
that  found  in  Problem  41.39,  0.238.  independent  of  Z 


Molecules  and  Condensed  Matter 


42.1. 

2 3*  3(138xlO  J.'K) 

<b»  r,^A».V)OAOxl<r"J,cV)  ^ 

3(1.38  Xicr’j/K) 


(f)  Tilt  thermal  energy  MtOClMed  with  room  temperature  (303  K)  is  much  greater  than  (be  bond  energy  ol  lie. 
(calculated  In  part  (a».  to  the  typical  collision  at  room  temperature  will  be  more  than  enough  to  break  up  He,. 
However,  the  thermal  energy  at  3(XI  K 1»  touch  less  than  the  bood  energy  of  H, . no  we  would  expect  it  to  remain 
intact  at  room  temperature. 

42.2.  (a)  U = — — — = -5.0  eV. 

* *■’  > r 

<b»  -5.0eV  + (4.3eV-3.5eV)  = —4.2eV. 

42.3.  IDENTITY:  The  energy  given  to  the  photon  comes  from  a transition  between  rotational  Hates. 

SET  HP;  The  rotational  energy  of  a molecule  is  £ = /((  + D—  and  the  energy  of  the  photon  is  £ = hc/Z. 
Execute:  Use  the  energy  formula,  the  energy  difference  between  the  I = 3 and  1 = 1 rotational  levels  of  the 
molecule  ii  A£  = ^-|3(3  + l)- 1(1+1))  = — . Since  AE  = hc/A.  we  get  he/X  = 5h‘  II.  Solving  for  / gives 


)bmjC.o»-°-H07.o 

2*c  Is  3.00x10*  iiv'sl 


...  . , . . I/Lin.)  ||4.981xlO^  kg  m')(2J3xlO-“  kg  + 1.67xlO"  kg) 

Uung/  = in.r,.  we  can  solve  for  r,=  -i-2 — = I . — ^ — . li 

"V.  \ (2.33x10  kg  1(167x10"*'  kg  I 

r0  = 5.65  x 10*”  m 

EVALUATE:  This  separation  is  much  smaller  than  the  diameter  of  a typical  atom  and  is  not  very  realistic.  But  we 
are  treating  a hypothetical  Nil  molecule. 

42.4.  The  energy  of  the  emitted  photon  is  l.OlxlO"1  eV.and  so  its  lrequency  and  wavelength  are 

, £ (1.01X10*’  eVX1.60xlO*"  J.eV)  c (3.00x10*  ms)  „ , 

h (6.63x10*“  J s)  / (2.44x10’  Hz) 

corresponds  to  that  given  foe  a microwave  oven. 

42.5.  Let  1 refer  to  C and  2 to  O.  ns  =1.993x10*“  kg.  m,  =2.656x10*“  kg.  r.  =0.1128  run. 


,=| 


r =0.0644  oin (carbon) ; r = — ^ 


r = 0.0484  nm  (oxygen) 


<b)  / = HV5*  + = 1.45x  W*  kg  m1;  yes.  this  agrees  with  Example  42.2. 

42.6.  Each  otuen  has  a mast  m and  is  at  a distance  U2  from  the  center,  so  the  moment  of  inertia  is 
2(mX*./2)J  =mmL2  2=  22 1 X 10*44  kg  m2. 

42.7.  Identify  and  SET  Up:  Set  AT  = £^  from  Exanple  42.2.  Use  to  solve  for  co  and  v = rcu  to  solve  for  v. 

EXECUTE:  (a)  From  Example  42.2.  £,  =0.479  meV  = 7.674x10“"  J and  / = 1.449xHT*  kg  m2 

K=±Idt  and  K-E  gives  = ld)3xltfa  rad's 


42-1 
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42.8. 

429. 


42.10. 


42.11. 


(b)  >i  = = (0.0644x10**  mX  1.03x10*  rrrf/s)  =66.3  m/s  (carbon) 

v2  =r^  = (0.0484  xi(T*  mX1.03xltf*  nui/*)  = 49.8  m/s  (oxygen) 

(c)  r = 2*/A>=6.i0xKr12  x 

EVALUATE:  From  the  information  in  Example  42.3  w*c  cm  cakulate  Ibe  vibrational  pericx!  to  be 
T = 2x/&=2jry!mt/k'  = 1.5xl0'M  %.  The  rotational  motion  is  over  an  order  o!  magnitude  slower  than  the 
vibrational  motion 


AE  = ^ = hyJFJnT.  and  solving  lor  k\  k'=\  j mt  = 205N/m. 

IDENTIFY  and  SET  Up:  1 be  energy  of  a rotational  level  with  quantum  number  I i%  E:  = /(/  + l)ft*/2/  (Eq.(42.3)). 
/ = tr^r2.  with  the  reduced  mass  m,  given  by  Eq.(42.4).  Calculate  / and  A£  and  then  use  A£  = he /A  to  find  X. 
- ^ ^ .(1.17X10- ^1.67X10- kg) 


EXECUTE:  (a)  n\  - 


m.+m.  m.  4-nu.  1.17x10'"  kg + 1.67x10  ^ kg 


!=mr2  = (1.461xl0"r  kgX0.159xlO**  m)1  =3.694  xlO"47  kg  m2 

A£ 


41  VJ  ^ =\20x\0~u  J = 7.49xl0~1  eV 

3.694XKT47  kg  m2  . 


<-> 

EVALUATE:  UH  has  a unaller  reduced  inasi  than  CO  and  X is  suinewhat  imaller  here  than  the  A calculated  lor 
CO  In  Eiampk  42.2 

IDENTITY:  The  vibrational  energy  of  the  molecule  U related  to  It*  lorce  constant  and  reduced  mass,  while  the 
rotational  energy  depends  on  its  moment  ol  inertia,  which  in  turn  depends  on  the  reduced  nuus. 


SET  Up:  The  vibrational 


u E,  =|  n*i  hdr=j  n*i  |ft and  the  rotational  energy  is  £,=/(/  + !)—. 


EXECUTE:  Fee  a vibrational  transition,  we  have  A £,  = — . so  we  first  need  to  find  m,.  The  energy  foe  a 

• 2 y *2 

rotational  transition  is  A Ek  = -L-|2(2  + 1) - 1(1  + 1)]  = Solving  lor  / and  using  tbc  lacl  that  / = m/0\  wc  have 

2jA 

m.r,‘  = — . *hich  give* 

AF, 

2>, ‘ 2(1.055x10"**  J-s)(6.583xl0—  eV-s) 

m,=-%—=- - 2.0014  X 10—  kg 

,#AE*  (0.8860X10"*  m)  (8.841X104  eV) 

Now  look  at  the  vibrational  transition  to  find  the  force  constant. 

*’  , m,(A£  )'  (2.0014x10—  kg ((0.2560  eV)1 

A£.=M—  =>  k‘=  = i = 30.27 N/m 

m.  " (6-583x10"“  eV  s| 


EVALUATE:  This  would  be  a rather  weak  spring  in  the  laboratory* 
1 21  '-*  21  21  I 

,b)  ,=  ±£=11=JL. 

h 2.T/I  2,if 
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42.12. 


42.13. 


IDENTIFY:  Find  A£  lor  ihe  tiansaboo  and  compute  A from  A E = hcfA 

SET  UP:  From  Example  42.2,  £,  = /</  + l)lL.  with  ^ = 0.2395x10"*  cV.  From  Example  42.3.  A£  = 02690  cV 
is  \bc  sparing  between  vibratto&il  levels.  'Hi us  £,  = (n  + j)Aa>.  with  A (O = 0.2690  cV.  By  Eq.(42.9X 

ft* 

£ = £,+■£,=(*  + /(/  ♦ 1) — 

EXECUTE:  (a)  n =0  -♦/!  = 1 and  / = 1 — > / = 2 


.i 


For  n =0.  1 = 1 Ei={fl&+2  — 


L 


For  n = L / = 2.  El=jha>*6\  — 


n1 


A£  = £/-£,  = ft<»+4|  — | = 0.2690 eV  + 4(0.2395 x!0*’  eV)=0.2700eV 

he  Ar  , he  (4.136x10'“  eV  *>(2.998X10' m/»)  . 
t = A£  *o  i = — = OooTv = 4.592x10^  m = 4.592/fln 

lb)  n = 0 -Ki  = 1 and  / = 2 — ♦ / = 1 


n=tt/  = Z£i=iftflH-6|_|. 


For  ».  = !./  = I £,=4ftfl>+  2 — 


f .1  ■ 

AE=E/-El  = he>- 4 — ;= 0.2690  eV^O^SxlO*’  eV)  = 0.2680eV 

l-.*  ,&B«gg  rV  iH1998xl0‘  ^)=4  627xl(r.  m = 4.627/rai 
A£  0.2680  eV 


(c)  n = 0 -»n  = l and / = 3 — *1  = 2 
For  «=0./=X£;=4ft»+i2;  il;. 


lor  n = L / = 2.  £,  = 6|  — 


L 


AE  = Ef  -£,  = A*-6  — ; = 0.26W  ©V  - 6(0.2395x  1CT  eV)  = 0.2676  eV 

, Ac  (4. 136x  1(T15  eV- 5X2998x10*  ra^s)  4 „4  . _4 

/l  = = = 4.634x10  m = 4.634  am 

A£  0.2676  eV 

EVALUATE:  All  throe  transitions  arc  lor  n = 0 -»  n = 1 . The  spacing  between  vibrattonal  lewis  is  larger  than  the 
spacing  between  rotolicnal  levels.  so  the  difference  in  A for  the  various  rotational  tr  ansa  boos  is  snail.  When  the 
transition  is  to  a larger  /.  A£  > ft*  and  when  the  transition  is  to  a smaller  /.  A £ < hex 

(a)  Identify  aal  SET  l?P:  Use  0)=  yjk'/m,  and  (0=2 Xf  to  calculate  k\  The  atomic  masses  are  used  in 
Eq.(42.4)  to  tabulate  m,. 

Execute:  /=  — = — — . so  k'=m1(2xf)2 
2 * 2^  y m, 

1 s = JV^=  c 67X.0-;-  I^K3.»5X10-  Sg.  „-5Mx|trB 
«,+«!*  1.67x10'“  kg+3.15xlO*“  kg 

k’  = ml(2tlf)>  = (l.S86xl0~r  kg)(2stl.24xl0“  Hxl)' =963  N/m 

(b)  iDEVnrv  ami  SET  Up;  Tbe  energy  level*  are  given  by  Eq.(42.7).  £,  = (u  + ty:a  = (n  + ~)hf.  *ince 
hte=  Ih/2jr)t0  anil  (ai/2jr)  = f.  The  energy  *pacmg  between  adjacent  level*  i* 

A£  = £*., - E.  = (n *1*  j-n - j>fi/ -*i/.  independent  ot n. 
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42.14. 


42.15. 


42.16. 


42.17. 


42.18. 


42.19. 


42.20. 


EXECUTE:  A£  = ty*  =(6.626x10’*  J*Xl24xl0*  110  = 8.22x10“*  J = 0.513eV 
(c)  IDENTIFY  and  SET  Up:  Ihe  phirtoo  energy  equals  the  transition  energy  so  A£  = he IX. 

Execute:  hf  -he IX  jm>  X = — = 2^8xl(^  ni*  = 2.42x10**  m = 2.42//m 

/ 124x10  Hz 

EVALUATE:  This  photon  is  infrared,  which  is  typical  lor  vibrational  transitions. 

For  an  average  spacing  a.  the  density  is  />  = m;a*  . where  m is  the  average  ol  the  ion*:  masses,  and  so 

- - - |t-w’"ir“  *"*-'*‘  ■«)■* 

f>  (2.75x10  kg  m ) 

and  a- 3.30x1  O’10  m = 0.330 did . 

(b)  The  larger  (higher  atomic  number)  atoms  haw  the  larger  spacing. 

IDENTIFY  and  SET  Up:  Find  the  volume  occupied  by  each  atom.  The  density  is  the  average  mass  of  Na  and  Cl 
divided  by  this  volume. 

Execute:  Each  atom  occupies  a cube  with  side  length  0.282  am.  Therefore,  the  volume  occupied  by  each  atom 
is  V = (0.282x10**  m)*  = 2.24x10"*  ra\  In  NaCl  there  are  e<jml  numbers  of  Na  and  Cl  atoms,  sw  the  average 
mass  of  the  atoms  in  the  crystal  is  m = +«q)  = 4(3.82x10“*  kg+5.89xl0“*  kg)  = 4.855x10“*  kg 

The  density  then  is  f>  = £ = =2.17x10’  kg/m’. 

Evaluate:  Hie  dmuty  ol  water  ii  1 .00x10’  kg/m',  so  our  result  is  reasonable. 

. Ac  (6.63x10*“  J slfo.OOxIO'msI 

(a)  As  a photon.  X = — = , — _ - = 0.200  nm. 

E (6.20x10’ eV  1(1.60X10*"  1/eV) 

(b)  As  a 


wave, 


h_  h (6.63x10***  l-») 

P v'2 mE  (2(9.1 1x10*"  kg ) (37.6  eV)(  1.60x10*"  J.'eV] 


(c)  As  a 


wave.. 


A = 


(6.63x10*“  I s) 


■j'lmE  ,l2(l.67xl0*r  kg)  (0.0205  eV)  (1.60x10*"  J. 


= 02CO 


=0.2CO 


IV 


IDE-Vnrv:  The  energy  gq>  u the  energy  ol  the  maximum-wavelength  phcXoo. 

SET  Up:  The  energy  difference  is  equal  to  the  energy  ol  the  photon,  so  AE  = kc/X. 

Execute:  (a)  Using  the  photexi  wavelength  to  find  the  energy  difference  gives 

A£  = hc/X  = (4.136 x 10*“  eV-5X3.00x  10*  m/5V(l.ll  x 10"*  m)  = 1.12 eV 
(b>  A wavelength  ol  1 . 1 1 «in  = 1 1 10  nm  u in  the  infrared,  shorter  than  that  ol  visible  light 
Evaluate:  Since  visible  photons  have  more  than  enough  energy  to  excite  electrons  (torn  the  valence  to  the 
conduit) cm  band,  visible  light  will  be  absorbed,  which  makes  silicon  coauue. 


la)  — = 2.27x10  m = 227  nm . in  the  ultraviolet. 

AE 

(b)  Visible  light  lacks  enough  eoergy  to  excite  the  electrons  into  the  ccoduclion  band,  so  visible  light  passes 
through  the  diamond  unabsorbed. 

(c)  Impurities  can  lower  the  gap  energy  making  it  e*s*r  for  the  material  to  absorb  shorter  wavelength  visible  light. 
This  allows  longer  wavelength  visible  light  to  pass  through,  giving  the  dianxxxl  color. 

_ he  _ (6.63 xl0“*  J-s)  (3.COX101  m s) 

"T  931x10"”  m 


= 2.14x10*”  J = 134xltf  eV  . So  die  number  of  electrons  Our  can  be 


excited  to  the  conduction  band  n n=  ■■  - - 1 L%-  = 120x10*  electrons 


1.12cV 


so  A = (2,'L)>  2 (assuming  A to  be  real  positive). 


I IV* 


Molecules  and 


Matter  42-5 


42.21. 

42.22. 

42.23. 


42.24. 

42.25. 


Density  of  stales: 


(2*1)  'V  _ (2(9.1 1x10*“  kgM^O.OxlO*4  m,X5.0eV)*2(1.60xl0‘w  J.'eV)11 
S[  '~~I7P~  2.'*(1.054xl0"*‘  I s)1 

g(£)  = (9-5x10*'  MMM/J)  (1.60XI0***  J/eV)  = 1.5x10“  s laM/eV. 

■_  = J3hT!m  = 1.17x10’  ntfs . as  found  In  Example  42.9.  The  equipurtiboa  theorem  itoes  not  hold  foe  the 


electron*  at  the  fermi  energy.  Although  these  electrons  are  very  energetic,  they  cannot  low  energy,  unlike 
electrons  in  a free  electron  gas. 


(a)  IDENTIFY  aoJ  SET  Up:  The  three-dimensional  Schrddlnger  equation  is  ^ + 2-Z  + 

2m  dx  ay  az 


+U»  = Ev 


(Eq.40.29).  lor  free  electrons.  U=  0.  Evaluate  d‘yfox:.  atyV.  ntd  d^tdz‘  for  y as  given  by  Eq.(42. 10). 
Put  the  results  into  Eq.(40.20)  and  we  il  the  equation  is  satisfied. 

U-l 


Execute: 


n 


dV_  (*s\* 


„ , A'fdV  3V  dVl  »’,V'  . . . (n,>+»J+^)*V 

Tterfore-  -sl^^Srsl  irr+-'+">= — s? — * 

(n?  +nj  +«i?VrVt1 

This  equals  £y.  with  £ = , . which  is  Eq.(42.11). 

Evaluate:  y given  b>'  Bq.(42 10)  is  a solution  to  Eq.(40.29X  with  £ as  given  by  Eq.(42. 1 1). 

(b)  IDENTIFY  anil  SET  Up:  Find  the  set  of  quantum  numbers  n,.  n,.  and  it,  that  give  the  lowest  three  values  of 
£.  The  degeneracy  is  the  number  of  sets  n..  n,.  n,  aoJ  m,  that  give  the  same  £. 

Emm:  Ground  Icvd:  towett  E% o mM=ny=nt=  1 and  £ = / ‘ , . No  other  cocnbinaboo  of  *x.  and  /if 


£.  so  Ibc  only  degeneracy  is  (be  degeneracy  of  two  due  lo  ipm. 

^/V2  far1}*2 

First  exerted  level:  next  lower  £ so  one  n equals  2 anJ  the  ethers  equal  1.  £=(22  + 12  + l2)^-^j  = — jj. 

Then:  art  three  different  sets  of  nt.  nf . nt  values  lhal  give  ibis  £: 

».  =2.  »,  =1  »,  =U  n,  =L  ",  =2.  n,  =1;  n.  =L  n,  =1.  n,  = 2 

This  gives  a degeneracy  of  3 so  the  total  degeneracy,  with  Ihe  factor  of  2 from  spin,  is  6. 

Second  excited  level:  next  lower  £ so  two  of  n,.  n(.  n,  equal  2 and  the  other  equals  1. 

There  are  different  sets  of  n,.  n(.  n,  values  that  give  this  £: 

=2.  n,  = 2.  n,  =1;  n,  =2.  n,  =L  (i,  =2:  n,  =L  n,  =2.  n,  =2. 

Thus,  as  for  the  first  excited  level.  Ihe  total  degeneracy,  including  spin,  a 6. 

Evaluate:  The  wavefuoctxm  lor  the  3 -dimensional  box  is  a product  of  the  wave  functions  for  a 1 -dimensional 
box  In  the  i.  y.  and  ; coordinates  and  the  energy  is  the  sum  of  energies  for  three  1 -dimensional  boxes.  All  levels 
except  lor  the  ground  level  have  a degeneracy  greater  than  two.  Conpare  to  Ibc  3-dimensional  isotropic  harmonic 
oscillator  treated  in  Problem  40.53. 

Eq<42.13)  nay  be  solved  for  n„  =(2m£)'3  (Z-'fte).  and  substituting  this  into  Eq.  (42.12).  using  l!  = V . gives 
Eq.(42.14). 

(a)  Identify  arxl  SET  Up:  The  electron  contribution  u>  thr  molar  heat  capacity  at  constant  volume  ol  a metal  is 

C.J*" 


2I:: 


EXEOTTS:  C = 


^(1.381x10^*  J/KX300  K)  0 


2(5.48  cVX  1.602x10“'  J/cV) 


£ = 0.023 3£. 
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42.26. 


42.27. 


42.28. 


42.29. 


42.30. 


42.31. 


(b)  Evaluate:  The  electron  cootribotion  louod  in  part  (a)  is  0.0233/?  = 0. 194  J/mol  • K.  This  is 
0.194/25.3  = 7.67x10'°  =0.767%  of  the  total  Cv. 

(c)  Only  a small  fraction  of  CY  is  due  to  the  electrons.  Most  of  CY  is  due  to  the  vibrational  rootiim  ol  the  ions. 


(a)  Fnxn  Eq.  (42.22).  £„  = -/*  =1.94cV. 


(b)  .i TEjm  = 


)2(1.94  eV)  (iioxHT**  J/eV) 


9.11x10  " kg 


= 8.25x10’ m/s. 


IDENTIFY:  The  probability  is  given  by  the  Fetmi -Dirac  distribution 

SET  UP:  The  Fermi-Duac  dutnbuboo  is  /(£)  = - 

EXECUTE:  We  calculate  the  value  of /<£>.  where  £ = 8.520  eV.  E,  = 8500  eV. 
k = 1 38  X 10*”  I/K  = 8.625  x 10"’  eV/K.  an <\T=  20"C  = 293  K.  The  result  is /(£)  = 0.312  = 31.2*. 

EVALUATE:  Since  Ihe  energy  it  dose  lo  the  Fermi  energy,  the  probability  is  quite  high  that  the  state  is  occupied 
by  an  electron. 

(a)  See  Example  4210:  The  probabilities  are  1.78x10*’.  2J7XI0*4 . and  1.51x10**. 

lb)  The  Fetnu  distnbubco.  Eq.<42. 17).  hat  the  property  that  /(f^,-£)  = l-/(£)  (see  Problem  (42.48)).  and  jo 
the  probability  that  a state  at  the  top  of  the  valence  band  is  occupied  is  the  sanw  an  the  probability  that  a state  of  the 
bottom  of  the  conducbun  band  is  filled  (this  result  depends  on  having  the  Breini  energy  m the  middle  of  the  gap). 

IDENTIFY:  Use  Eq.(42. 17).  /(£)  = -y-J.., Solve  for  £ - E, 


SETUP:  =_-l 

/(£) 

The  problem  states  that  /(£)  = 4.4x10'*  foe  £ at  the  bottom  ol  Ihe  conducbun  band. 

Execute:  = ' -1  = 2572x10*. 

4.4  xlO-* 

£-£p  = Wln(22?2xl0,)  = (1.3807xl0'il  J/TX3CO K)tof2.272xl0,)  = 3.201xl(r*  J=0.20eV 
£,  =£-0.20  eV;  the  Fermi  level  is  0.20  eV  below  the  bottom  of  the  conduction  band. 

Evaluate:  The  ewrgy  gap  between  the  Fermi  level  and  bottom  of  the  coesluction  band  is  large  compared  to 
*Tat  T = 300  K and  as  a result  /<£)  is  small. 

Identify:  The  current  depends  on  Ihe  voltage  across  the  diode  and  its  temperature,  so  the  resistance  alio 
depends  on  these  quantities. 

SET  UP:  The  current  a I = l%  (<•“”  - 1)  and  the  resistance  is  R = V/7. 

..  , . ,,  , „ V V _ , eV  efO.0850  V) 

EXECUTE:  (a)  The  resistance  is  £ = — = — The  exponent  is — = = 

I /,( e‘"*,-l)  kT  I8.625X10-*  eV/K)(293  K) 

(b)  fa  this  cue.  tbe  exponcol  i* 


which  gives  £ = — mV  — - = 77.4  Q 

* (0.750  mA)(r-,”-l| 

Evaluate:  Reversing  the  voltage  can  make  a considerable  change  in  tbe  resistance  of  a diode. 

IDENTITY  and  SET  Up  The  voltage-current  relation  is  given  by  Eq.(42.23):  / = l,(e'i"T  -1).  Use  the  current  for 

V =+15.0  mV  to  solve  for  the  constant  /,. 

Execute:  (a)  Find  /. : V = +15.0xl0J  V gives  / =9.25x10*’  A 

eV  (1.602x10*“  0(15.0x10*  V) 

— — v.  “ 0.5800 

kT  (1 .381x10"*’  I/KX3CO  K) 

= 77xl<r*=ll.T7  mA 
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42.32. 


42.33. 


4231. 

42.35. 


Thro  can  calculate  / ft*  V = 10.0  mV:  f£  = (»  602.1Q-'  C),IOOxlQ-  V)  afl3|67 

kT  (1.381x10^  J/KX300  K) 

/ = / - 1)  = (11 .77  mAMr<,*p -l»  = 536mA 

(b)  has  lb:  same  magnitude  as  m part  (a)  tul  not  V is  negative  so  ^ is  negative. 

V =-130  mV : ^ = -O.S8CO  and  / = l.(e‘v,a  -1)  = 01.77  mAWe4**-!)  = -5.18  mA 
V=-10  Q mV : - -0.3867  and  I = / (e'1'"  - 1)  = (1 1 77  mA)(e4'“’  - 1)  = -3.77  mA 

EVALUATE:  There  is  a directional  asymmetry  In  the  current.  wilh  a forward-bios  voltage  [eoducing  mine  current 
than  a reverse-bias  voltage  ol'  ibe  same  magnitude,  but  the  voltage  is  small  enough  for  Ibe  asymmetry  not  be 
pronounced.  Compare  to  Example  42.1 1.  where  more  extreme  voltages  are  considered 
(a)  Solving  Eq.(42.23)  foe  the  voltage  as  a function  of  current. 

V =— Ini  — +1 1=  — ki  i^  + l'  = O.0645V. 


t 3.60  mA 


(b>  From  part  (a),  the  quantity  e*v  **  = 12.1 1 . w far  a reverse-bus*  voltage  of  the  same  magnitude. 


f=/1|e^-l)  = /; 


* i 


-1  = -3.30  mA. 


iDEVnrY:  During  the  transition,  the  molecule  emits  a photon  ol  right  having  energy  equal  to  the  energy 
difference  between  the  two  vibcariixsal  states  of  the  molecule. 


SET  Un  The  vibtabooal  energy  is  £,  = n + — 


KXEtVTE:  (a)  The  energy’  difference  between  two  adjacent  energy  stales  is  A£  = /l  | — . and  this  is  the  energv  of 

* 


\L 


the  photon,  so  A£  = hc/A  Equaling  these  two  expxessaixss  lor  AE  and  solving  for  k . we  have  K =m  — ' = 


I 1 


"V”o 

m||  + mO  A 


A £ he/ A Ixc  t t 

— = = -—  with  the  ^jpropnate  numbers  gives  us. 

h h A 


(I67xl0-S  kg )( 2.656x10“  kg) 


k = 


1.67x10-'  kg  . 2.656x10"'  kg 


2t(3.00x10*  m/s 
2.39x10“'  m 


= 977  N/m 


w/"£"iJ=r"i 


m„+m0 

—JT~ 


,=i ; 


(I67xl0_i’  kg  1(2656x10“*  kg  | 


1.67X1Q-*1  kg.  2.656 -10“’  kg 


Ik 


977  N/m 


Evaluate:  Ibe  frequency  is  close  to.  but  not  quite  in.  the  visible  range. 

1=^L  = J±.  = 7.14x10“- kg  m*. 
i£  2-V 

IDENTIFY  and  SET  Up;  Eq.(2 1.14)  gives  the  electric  dipole  moment  as  p = qd.  where  the  dipole  comisls  of 
charges  ±q  separated  by  distance  d. 

EXECUTE:  (a)  Point  charges  +e  and  -r  separated  by  distance  d.  so 
p=ed  = (1-602x10“"  C)(0.24xl0“*  m)  = 3.8x10“"  C m 

<b>  P = qd  so  , = £ = 12112^  = 1.3x10“"  C 
d 0.24x10- m 

(f)  , = _UX10-C  =0.81 

e 1.602x10*  C 
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42.36. 

42.37. 


42.38. 

42.39. 


,d)  q = L=  m =937X10"  C 

d 0.16X10  m 


9.37  XlQ""  C 


=0.058 


e 1 .602X10'“  C 

Evaluate:  The  fractional  ionic  character  fee  the  bond  in  HI  is  much  1cm  than  (be  fractional  ionic  character  (or 
(he  bond  in  NaCl.  The  bond  in  HI  is  mostly  covaknt  and  not  very  ionic. 

The  electrical  potential  eoeegy  it  f/  = -5.13eV.  anil  r = - . 1 ** 


= 2.8X10'"  m 


(a)  IDENTIFY:  £<Na)  ♦ £(C1)  = £(Na*)  + £(CI')*f/(r).  Solving  for  U<r > gives 
U(r)  = -{£(Na*>-  £(Na)l+[£(Cl)  - £(Cr>]. 

SET  Up:  [£(Na*)-£(Na)|  is  the  ionirabon  energy  ol  Na.  the  energy  required  to  remove  one  electron,  and  is 

equal  toS.l  eV.  |£(C1)-£(CT»  is  the  electron  affinity  of  Cl  Ibe  magnitude  ol  the  decreare  in  energy  when  an 
electron  is  altached  to  a neutral  Cl  atom,  and  is  equal  to  3.6  eV. 

1 e* 


Execute:  f/  = -5.1  eV.3.6  eV  =-1.5  eV  = -2.4x10“  I.  and- = -2.4x10'"  J 

4ff<o  ' 

rJ  J ' =(8.988X10- 

4/tt, .2.4x10-“  i 2.4x10  J 

r =9.6x10*“  m = 0.96  nm 

(b)  ionisation  energy  ol  K = 4.3  eV;  electron  alfinity  of  Br  = 3.5  eV 

Thus  V = -4.3  eV  ♦ 3 J eV  = -0.8  eV  = -1.28x10'“  J.  and  -— 1— — =-1.28x10-**  J 

4«q  r 

J ^ = <8.988X10- 

4*«,  1.28x10-"  J 1.28x10  “ 1 

r = 1.8x10”'  m = 1.8  nm 

Evaluate:  K has  a smaller  tooisalion  energy  than  Na  and  the  electron  affinities  of  Cl  and  Br  are  very  similar, 
so  it  takes  leas  energy  to  make  K*+Br"  from  K + Br  than  to  make  Na*  * CT  from  Na  + CL  Thus,  the 
stabilization  distance  is  larger  for  KBr  than  for  Nad 

Tlxe  energies  conespcoding  to  the  observed  wavelengths  are  3.29x10'“  J.  2.87x10'“  J.  2.47  x 10"“  J. 
2.06x10"*'  J and  1.65x10-“  J.  The  average  spacing  ol  these  energies  is  0.410x10-“  J arxl  these  are  seen  to 

correspond  to  Iran  si  boo  from  levels  8.  7. 6. 5 and  4 to  the  respective  next  lower  levels.  Then.  — = 0.410x  10"“  J . 

from  which  / = 2.7 1 xl0J?  kg  m'. 

(a ( IDENTIFY’:  The  rotational  energies  of  a molecule  depend  on  its  moment  of  inertia,  which  in  turn  depends  on 
the  separation  between  the  atoms  in  the  molecule. 

SETUP:  Problem  42.38  gives  / =Z71Xl(T"  kg  mJ.  I = m,r*.  Calculate  m,  and  solve  for  r. 

Execute:  W**'*"^  *>  ..^x.o"  kg 

1.67XHP7  k«*f  5.81x1  O’*  kr 


= P'«10~g-'  =|.MX|Q^„  = 0.|2,„ 

1.623x10-^  kg 


Ev  ALU  ATE:  This  is  a t>pical  atomic’  separation  for  a diatomic  molecule:  see  Example  42.2  for  the  corresponding 
distance  for  CO. 

(b)  1DE.VT1FV:  Each  transition  is  from  the  level  / to  the  level  1-1.  The  rotabooal  energies  are  given  by  Eq.(42.3). 
The  transibon  energy  is  related  to  the  photon  wavelength  by  A £ = he/ A. 

setup:  ^ =/(/+ 1)*'  /2f.  so  A£  = £;-£;_,=[/(/  + 1)  - /(/  - 1){!L  =/-_, 


Execute:  f — = — 


. _ Zxtf  _ 2t( 2. 998x10*  m.,s)(2.71xl0-*’  kg  mJ)  _ 
~~hT~  (1.055x10  “ 1 s)X 


4.843X10"4  m 
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42.40. 


42.41. 


For  ^ = 60.4  ™ I = 


4.843x10*  m 

60.4x10*  in 


_ , . 4.843x10*  m _ 

Foi  X = 69.0  am.  / = = 7. 

69.0x10*  in 

„ , . , 4.843X10*  m , 

"’J-",'*a,-5SS5i*i r=& 

EVALUATE:  In  cadi  case  / is  an  integer,  as  it  must  be. 

(c)  iDEVnrY  mil  SET  UP:  Longest  A inches  smallest  A£.  and  this  is  for  the  transrbon  trom  / = 1 to  / = 0. 

Execute:  AE=f[* -Uw0™*'? ’‘t  =4099x10*- 1 
1 / I 2.71x10*’ kg  m‘ 

^ jc  = (6.626X.0-  J >)<2.<m*W'  ■■*>  =48Sx,^  a = 4SS/m 
A£  4.099xl(TJ  J 

Evaluate:  This  is  longer  than  any  wavelengths  in  port  (b)_ 

(d)  IDEYTIFY:  What  changes  is  ir.  the  reduced  mass  of  the  molecuk. 


h1 


Ixd 


SETUP:  Use  trunution  energy  is  A£  = /j  y j and  A£  = y.  so  ^ = <P« t(b)).  /=«/.  so  >1  is  directly 

prepodiunal  lo  *1.  ,<MC"  = ''<DCI1  so  ^(PCI)  = ^(HCI) W|(PC1> 

' m,(HCl)  m,  (DC1)  m,(Ha) 

Execute:  The  mass  of  a deuterium  atom  is  approximately  twice  the  mass  of  a hydrogen  atom,  so 

mD  = 3.34xl0-JI  kg. 

■,(00,=  -=5=5-  = ' (3-34<l°"  ^■8'-Q:;kg>  =3.lS8xlQ-^  kg 
raD  + ma  3.34x10*^  kg + 5.81x10"*  kg 

/ = 8 -*  I = T,Z  = (60.4  /rm)(  1 .946)  = 1 1 8 /an 
I = 7 -t  / = 6;  A = (69.0  /anX  1 .946)  = 134 /mi 
/ = 6— */  = 5:^  = (80.4  /mK  1.946)  = 156  /an 
I = 5 -*  / = 4;  A = (96.4  /mi)(  1 .946)  = 1 88  /an 
I = 4 -*  / = 3;  l = (1 20.4  //m)(  1 .946)  = 234  /mi 

Evaluate:  The  moment  of  media  increases  w hen  H is  replaced  by  D.  so  the  transition  energies  decrease  and 
ihe  wavelengths  increase.  The  larger  the  rotational  media  the  smaller  Ibe  rotational  energy  for  a gisen  I (Eq.42.3). 

From  Ibe  result  of  Problem  42.11.  the  momenl  media  of  the  nnlecule  is  / = .1-1  = -£i£  = 6.43x10*  kgm*  and 

A£  4.c‘c  6 


(ram  Eq.(42.6)  Ihe  separation  u r(  = ^ — =0.193  nm. 

(a)  £u  =i-  = - 'l'/— £ =0  (/  = 0).  and  there  is  an  adJitional  multiplicative  factor  of  21  ♦ 1 because  for  each  I 

slate  there  are  really  (2/  + 1)  m,  states  with  Ibe  same  energy.  SoHL  = (21  + l)e“4‘nw«2af) . 

no 

(b>  r = 300  K./  = 1.449x1 O'44  kg  m1. 

(i)  E.  = = 7.67x10*  J.  = 0.0185. 

M 2(1 .449  X 10"44  kg  * m ) *7  (1.38x10  JK)  (300  K) 

(2J  + 1)  = 3 . so  = (3 V-***  = 2.95. 
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(H)  , r';<2><;t11  , = 0.0556. 

kT  2(1.449x10  kg  - nr)  (1. 38x10^  J K)(300K) 

(2/-fl)  = 5.«,^  = (5K^-ia,‘)  = 4.73. 

ftaao)(|o+i)  „ 

kT  21.449x10*'  kg  m-)  (1.38.  10®  J K)  (300 K) 

<2/+l)  = 2Uw»  ^ = (21) (t-,a)  = 7.57. 


(.yl  _^  = 

kT  21.-M9X10-"  kg  m‘) (1.38. 10*'  J K)(300K) 

(2/  + l)  = 41.»o  2=*  =(41)***  =0.838. 

M E±»= '.‘(SOHSO+l) -23  a 

kT  2(1.449x10"*  kg-m‘)(I.3Sxl0"‘'  I K)(300K> 

(2*1)  = 101 . so  ^“=001^  = 5.69x10-*. 


(c)  There  U a.  competing  effect  between  the  (2*1)  term  aixl  the  decaying  exponential.  Hie  21  * 1 term  dominate! 
for  small  I.  while  the  exponential  term  dominate*  for  large  I. 

42.42.  (a)  /„  = 1.449x10-*  kg  m1. 

ftf£a^=<1.0S4xlC-”^)»(,)<|.l>=767x,pJ|J  Q 

M 2/  21-449x10-*  kg  m-)  *** 

A E = 7.67x10-"  J = 4.79x10*  eV. 

A = — = (66^x  10*J-«)  (3^0x10*  ■%»,  _ 2^x  Kr*  i = 2J9  mn 
A E (7.67x10""  I) 

(bl  Let's  compare  the  value  of  kT  when  7"  = 20  K to  that  o(  A£  fee  the  / = l-*/  = 0 rotational  transition: 

kT  = (1.38x10-"  J/K)  (20  K)  = 2.76x10""  J. 

Af  = 7.67x10""  I (from  part  (a)|.  So  — = 3.60. 

A E 

Therefwe.  Although  T is  quite  small,  there  is  still  plenty  o!  energy  to  excite  CO  molecules  into  the  first  rotational 
level.  This  allows  astronomers  to  detect  the  2.59  mn  wavelength  radiation  from  six*  molecular  clouds. 

42.43.  Identify  and  SET  Up:  £,  = /(/  + fyi*  /2/.  so  Ef  and  the  transition  ewrgy  A£  depeod  on  /.  Dillereot  isotopic 

molecules  have  different  /. 

«I»  (a) Calculate  / for  Ha"Cl:  n = (3.^76 x.Q-  *8*3.8068*10-  kg)  = 2.303x10"*  kg 

3.8176X10“*  kg *5.8068x10"“  kg 
/ = m,r'  = (2303x10-*  kg)(0.2361XlO*  m)1  =1.284x10""  kg  m! 

/ = 2 — » / = 1 


A£  = gj-£;=(6-2))'^!  = ^=2<l055Xy  X = 1-734x10""  1 
' \ 21 J / 1.284x10-*  kg  m- 

A£  = * so  <l  = ^J^26x.0-..sX2.998,l0*n,-„=|U6x|0,  m = , 
A A E 1.734x10"°  J 

f = l-»f  = Q transition 

A£  = E,  - £,  = (2-0);  ^ ; = ij  = 1(1 .734  x 10*’  J)  = 8.67  x 10"*  J 

, he  (6626x10**  J s)(2.998xl0*  m>»)  , 

A = = = -.^91  cm 


8.67xlQ_i4  J 


(b)  Calculate  / for  Na’’CL  ^ = = <38l?6Xl°^  ^613S4> =2.354x10^  kg 

mK»+**ci  3.8176x10"*  kg + 6.1384x10  kg 

/ =m  r2  = (2.3S4xlO“*  kgX02361x!0^  m)1  =1.312x10^  kg  m1 
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42..M. 


42.45. 


42.46. 


42.47. 


r = 2 — ♦ i=i 


M.*.”'  •°«5>I;>‘J,,;=,.697x1Q-| 

/ 1.312x10  kgm2 

* = ■*  = <6.626»H)"  ) »<2998,.0»  ns's)  =,.,7,xl0^  m = U71 
A £ 1.697X10"  1 

r=i— */=o 


A£  = — = -0-697x10"  J)  =8.485x10"  J 

he  _ (6.626X10'1*  1 sX2.998xl0*  nVs)_7„.,_ 

A £ 8.485x10"  J 

The  differences  In  the  wavelengths  (at  the  two  Isotopes  are: 

/ = 2 — */  = 1 txanUiMm:  1.171  cm -1.146  cm  = 0.025  cm 
/ = 1 — */=0  transition:  2.341  cm- 2.291  cm  = 0.050  cm 

EVALUATE:  Replacing  BC1  by  ”C1  increases  /.  decreases  A£  and  increases  A.  The  effect  on  A a small  but 
measurable. 

The  vibration  frequency  is.  (rum  Eq.(42.8).  / = — = !.  12x10**  Hz.  The  (txce  constant  is 


k’  = (2f)‘m =777  N/m. 


£.=l«  + y * “ 

2 urn, 


£,  = 1(1 .054 x 10"  J «>  1 2|)|6N“)  =4.38x10**  J = 0274 eV. 

‘ 2 \ 1.67x10"  kg 

This  ik  much  leas  than  the  bool  energy. 

(a)  The  frequency  is  proportional  lo  the  reciprocal  a!  tbe  square  root  of  the  reduced  mass,  and  in 
the  frequenev  of  the  isotope  with  the  ifculenum  atom  is 


A the 


(ntf,  + mr)  _ f I 1 + <"V  ”>d) 

~ ' I 


nV%(mD*mr)l  [ .!+(%:%> 

Using  f,  from  Exercise  42.13  arxl  the  given  masses.  / = 8.99X  lO’’  Hz. 

IDE-Vnr*  and  SET  Up;  Use  Eq.(42.6)  to  calculate  /.  The  energy  levels  are  given  by  Eq.(42.9).  The  transition 
energy  A£  is  related  to  the  photon  wavelength  by  A E = hc/A. 

Execute:  „ = J5S-,1 W n««^: >•*>  = ,.6S7x,0^  Eg 

mn  + m,  1.67x10"  kg -f  2.11x10"  kg 

/nm,rJ=  (1.657x10"  kgXO.  160x10**  m)’=4.24xI0"  kg  m1 
(b)  The  energy  levels  are  E„  =1(1*1)]  ^ |*<n+i>ft^-  (Eq.(42.9)) 

& = 0>:2r/  *°  E-=/</+,)(£ 

(i)  transition  n = l-+n=0.  / = 1 — > / = 0 

A£=(2-o>(|i]+a+i-ivir=y+v 

A£  = — so  A~hc  - — 

A ' A £ (ft1//)*  W ( ft/2r/)*/ 


ft  _ 1,055x10"  I s 

2*/  2*(4.24xlO*''  kg  m*) 

2.998x10*  Ms 


A = 


= 3.960x10“  Hz 

-.,78x10*  m/$  s430 

(ft/2*/)*/  3.960x10“  Hz *6.93x10“  Hz 
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42.48. 

42.49. 

42.50. 


41.51. 


it  = 1 -»  n = 0.  / = 2 — * / = 1 


\E  = ( 6-2)|J.  +hf  = '± l + hf 


X = 


c _ 2.998x10*  m»s 

2(li/2ff/)*  / 213.960x10"  Hz) + 6.93x10"  Hz 
(111) tramition  n = 2-»n  = L/  = 2-*/  = 3 


= 4.28  um 


= (6-12)1  — l+V  = 


v 


+v 


c _ 2.998x10*  nVs 

"-31/./2 «/)  + / -313.960X10"  Hx)  + 6.93xl0"  Hz  ' ¥ 

Evaluate:  The  vibrational  energy  change  for  Ibe  n=l-»rt  = 0 transitioo  ii  the  wane  ufoelbe  n = 2->n  = \ 
u ansi  lion.  The  rotational  energies  are  much  smaller  than  the  vibrational  energies.  mi  the  wave  lengths  lor  all  three 
iranxilica*  d'.cil  differ  much. 


Ai/r 


The  s uni  of  the  probabilities  is  /(£,  + AfcT)  + / (£r -A£)  = 


Since  potassium  is  a metal  we  approximate  L.  = £.  = 


= 1. 


m 6.49x1 
3“.T,J a .054 xlO"*  I • »)J<1 .3 lx  10“ /m’)1’ 
2<9. 11. 10-“  kg) 


= 3.24x10”"  J = 2.03  eV. 


Identify:  He  only  difference  between  the  two  isotopes  is  llxir  mass,  which  will  alfect  their  reduced  mass  and 

hence  then  moment  of  inertia. 


SET  Up:  The  rotational  energy  stales  are  given  by  £ = /(/♦ 1)—  and  the  reduced 


is  given  by  m,  - 


♦ mi). 

EXECUTE:  (a)  11  we  call  m the  mass  of  the  H-alom.  the  mass  of  the  deuterium  atom  is  2m  and  the  reduced  masses 
of  the  molecules  are 

H2  (hydrogen):  m/H)  = rrwV\m  + m)  = m/2 
D.  (deuterium):  m,(D)  = (2mX2mV(2m  + 2m)  = m 

Using  I =m,ro2.  the  moments  or  inertia  are  b = mr{fl  and  b = mr0‘.  The  ratio  of  tlx  rotational  energies  is  then 
E,J(l*\}{K‘/2la)  ^ _2 


™,(D)  _ , - _ /r 

1.1(H)  \m/2-V_ 


E„  _/('  + !>('>' '2/d) 


(b)  The  ratio  of  tlx  vibrational  energies  is  = — 


Evaluate:  The  ekctrical  force  is  the  same  for  both  molecules  since  both  H and  D have  the  same  charge,  so  it  is 
reasonable  that  the  force  constant  would  be  the  same  for  both  of  them. 

Identify  and  SET  Up:  Use  the  description  of  the  bcc  lattice  in  fig.42. 1 2c  in  the  textbook  to  calculate  the 
number  of  atoms  per  unit  cell  and  then  the  number  of  atoms  per  unit  volume. 

Execute:  (a)  Each  unit  cell  has  one  atom  at  its  center  and  8 atoms  at  its  comers  that  are  each  shared  by  8 other 
unit  cells.  So  there  xe  1 + 8/8  = 2 atoms  pet  unit  cell. 

— = r = 4.66xl0a  aluim/m* 

V (0J5xl<r*  m) 

2/1 


,b,£"=  2.  -.V 

In  this  equation  NtV  i>  the  number  o!  tree  electrons  per  m1.  But  the  problem  raw  to  araume  one  free  electron  per 
atom.  »o  this  is  the  rame  an  nl  V calculated  In  part  (a). 
m = 9.109x10-"  kg  (the  electron  main),  mi  =7-563x10"“  1 =4.7  eV 

Evaluate:  Our  result  for  metallic  lithium  a similar  to  that  calculated  for  copper  in  Example  42.8. 
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42.52. 


42.53. 


42.54. 


42.55. 


42.56. 


, . d __  1 1 . * , . , 8A4,T<- 

(a)  — Um  = r- 8A-t-.  Setting  this  equal  to  zero  when  r = r# gives  r0  = — 

dr  4x<0  r r aS 


indso  =- — — 


i . V 


7.jf 


i^“7+IF  M ,='"  u«=-nZ7 


= -l-26xl0“"  J = -7.85  eV. 


(b»  To  remove  a Na*CT  ion  pair  from  Ihe  crytfal  requires  7.85  eV.  When  neutral  Na  anil  Cl  atom*  are  farmed 
(romlbr  Na'anil  Cl'  atoms  there  is  a net  release  of  energy  -5.14  eV  -*3.61  eV  =-!_53cV.*i  the  net  energy 
required  lo  remove  a neutral  Na.  Cl  pair  from  Ihe  cry  Hal  it  7.85  eV  - 1 .53  eV  = 6.32  eV. 


(a)  IDENTIFY  an!  SET  LT:  p = - — — . Relate  £ to  £ and  evaluate  the  derivative. 

dV 


EXECUTE:  = YE  = 


Ui 


V if\ 


Nv,\-lv*‘>  ' 

JV  5\  2m 
(b)  N/V  = 8.45  xlO1*  m* 


Im 


P = 


Y 


!t  i 


5m  I V;  ' 


Witt  to  be  shown. 


76x10* 


(c)  EVALUATE:  Normal  atmospheric  pressure  is  about  105  Pa.  so  these  pressures  arc  extremely  large.  Th: 
electrons  are  held  in  the  melil  by  the  attractive  force  exerted  on  them  by  tlx  copper  ions. 

, „ ..  3 *V*)VW\W  „ „dp  (S  3“t /N'Pf-N'i)  5 

(a)  From  Problem  42-53.  p = j — . B = -V—  = 

5m  V dV 


5 3“.T*V  .V  r — V 
3'  5m  Vl 


(b>  £ = 8.45x10*  in*.  B = £•  y'*‘ V (8.4SxlOam-,)M  = 6.33x10**  Pa. 

(c)  6 3‘ Pj  = 0.45. Ihe  copper  loot  themselves  make  up  the  remaining  fraction. 


<■)£-  = 


\ 


2m  \ V 


1 

100 


2mV  f - ***  .^V;167iI,, 


v ) ! loootfW  lro^w  3COO..V,1 

(b)  | ^-*1^1  mj  = 5.06x  10'5.  Since  the  teal  concentration  of  electneu  in  cupper  it  lett  than  one  part  in  10"4 al  the 
concenlralioo  where  relativistic  effects  are  impeelanL  it  it  safe  lo  ignore  relativistic  effect!  for  roost  applications. 

(c)  The  number  of  electrons  it  N = 6<2*IQ  38>  - 6.03x10".  The  concentration  it 


’ 1.99x10“*  kg 


=6.66x10”  m*. 


N.  _ 6.03x10" 

T_=*.-(6.00xl0,m)‘ 

(d)  Comparing  thit  to  tbe  result  lrura  part  (a)  6 66,10  111  a 400  «,  rrlativixic  effects  will  be  very  important 

1.67x1(7  m~ 

IDENTIFY:  The  current  through  the  diode  » related  to  the  voltage  across  it 
SET  Up:  The  cunent  through  the  diode  is  given  by  / = /j  (/ - 1 ). 

Execute:  (a)  The  cunent  through  the  resistor  is  (35.0  Vy(l 25  Q ) = 0.280  A = 280  mA  which  is  also  the 
cunent  through  the  diode.  This  cunent  is  given  by  / = /*  {S'***  - 1).  giving  280  mA  = 0.625  mA(e#w  - 1)  and  1 

,.%r  *7* hi 449  (1-38x10"“  J/K)(293  K)ln449 

(280rt).625)  = 449  = e.  Solving  fur  Vat  7=293  K gives  V = — 1 = 2 — = 

e 1.60x10  C 

O. 154  V 

(b>  R = V/I  = (0.154  VVO0.28O  A)  = 0.551  Q 

EVALUATE:  At  a different  voltage,  the  diode  would  have  different  resistance. 
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42.57. 


42.58. 


(») 


M 


t#-  1 1 _ 1 ^|2_2_  1 _ 1 
4x%£j  r 4*^|  d r r + d r-d  r d j 4:r<|'.  r d r + d r- 


r + d r-d  r 


i.l  i-i 


-Ki-l*4+...+I+l+$ 

r r r r*  r r 


U = 


-vr«.<n  -v  V 


l-t  d r 4 -<ifl  4-t-d’ ' 


4r<^«7  r,  4ff<,  1 d r r + d r-d  r d ' 4.t«J.  d r r ! 

u=-2p‘  + 2p‘ 

4t<,  j d V 4.-^d’  4.V 

If  we  ignore  the  potential  energy  involved  In  forming  each  individual  molecule.  which  just  involve!  a different 
choice  foe  the  uni  of  potential  energy,  then  the  answers  are: 

(a)  If  = ~p  - . The  interaction  is  attractive. 

**V 

+2p‘ 

(b)  V = r.  The  interaction  is  repulsive. 

4V 


(■» 


Following  the  hint,  k'dr  = -J  — 1—  — =-l—'dr  and  bt,  = h Slk'/m  = h [1 — 1—  = 

4'<*S  2’<o  'o 


1 .23xl(T"  I =0.77  eV.  where  (nr/2)  has  been  used  for  the  reduced  mao. 

(b)  The  reduced  mail  is  doubled,  and  the  energy  is  reduced  by  a factor  of  <J2  to  054  eV. 
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43.1. 


43.2. 


43.3. 


43.4. 


43.5. 


(a)  JSi  has  14  prole®*  and  14  neutrons. 

<b)  £Rb  has  37  protons  and  48  neutrons. 

(c)  "T1  has  81  protons  and  124  neutrons. 

<a)  Using  R = (l.2  tm)Al\  the  radii  are  roughly  3.6  fm.  5.3  fm.  and  7.1  fm. 

(b)  Using  AxR2  for  each  o f the  radii  in  part  (a),  the  areas  are  163  fro2. 353  fro2  aoJ  633  fro2. 

(c)  It/?3  give*  195  fan3.  624  fm3  and  1499  fm3. 

<d)  The  density  is  the  sanx.  since  the  volume  and  the  mass  arc  both  proportional  to  A:  2.3X1017  kg/m3  (see 
Example  43.1). 

<e)  Dividing  the  result  of  part  (d)  by  the  mass  of  a nucleon,  the  number  density  is  0.14/fm3  = 140x  10*  m . 
iDEVTirY:  Calculate  the  spin  magnetic  eoergy  shift  for  each  spin  stale  of  the  la  level.  Calculate  tlx  energy 
splitting  between  these  states  and  relate  this  to  the  frequency  of  the  photons. 

SET  Up:  When  the  spin  conyooent  is  parallel  to  the  fieU  the  interaction  eoergy  is  U = -ptB.  When  the  spin 
component  ts  antiparallel  to  the  field  the  interaction  energy  is  U = The  transition  energy  for  a transition 
between  these  two  stales  is  A£  = 2/JtB . wlxre  fi,  = 2.7928//..  The  transibco  energy  is  related  to  the  photon 


frequency  by  A£  = /rf,so  2 p,B=hf. 

Execute:  Q.S33T 

2 nt  2(2.79281(5 .05 1 x 10'iJ  IfT) 

EVAIXATE:  This  magnetic  field  is  easily  achievable.  Photons  o!  (hit  frequency  have  wavelength 
A = df  = 13.2  m.  These  axe  radio  wave*. 

(a)  As  in  Example  43.2.  A£  = 2(1.9130X3.15245xl<r*eV/TX2.30T)  = 2.77xl0'’  eV.  Since  //andSarein 
opposite  directions  lot  a neutxon.  the  antipirallel  configuration  is  lower  enetgy.  This  xesult  is  smaller  than  but 
comparable  to  that  found  in  the  example  fox  protons. 

(b)  f = ~-  = 66.9  MH*.  - = — = 4.48m 

iDEVnrV:  Calculate  the  spin  magnetic  energy  shift  fox  each  spin  component.  Calculate  the  energy  splitting 
between  these  states  and  relate  this  to  the  frequency  of  the  photons. 

(a)  SET  CP:  Rom  Example  43.2.  when  the  ^-component  of  S (and  //)  is  parallel  lo  B.  V = -1//,  16  = 
-27928//, B.  When  the  ?-componenl  of  S (and  //)  is  antiparallel  to  B . (/=-[</,  I B = *27928/1,6.  The  state 
with  the  pxotoo  spin  componeot  parallel  to  the  field  lies  lower  in  energy.  The  energy  difference  between  these  two 
states  is  A E = 2(2.7928//,fl). 

Execute-  ar-  y f - A£  - 2<2-79Zg^»fl  _ 2(279281(5.051x10-”  im<l.65  T) 

h h 6.626x10  * J s 

/ =703x10*  Hz  = 7.03  MHz 

a_  A c 2.998x10*  mf%  4 _ 

And  them  A=  — = , = 4.26  m 

/ 7.03X107  Hz 

EVALUATE:  from  Figure  32.4  in  the  textbook,  these  xe  radio  waves. 
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43.6. 

43.7. 

43.8. 

43.9. 


43.10. 


|b)  SET  In  from  Eq*.  (27.27)  and  (4 1 .22)  and  Fig.4 1 . 14  m the  icAibuok.  the  stale  with  the  .Tcumpooent  of 
fj  parallel  loUbu  lower  eoergy.  But.  xitxx  the  charge  of  the  electron  is  negative,  this  is  the  slate  with  the 
electron  spin  cumpooenl  anbparaBel  to  B. That  is.  Tor  the  m,  = -j  stale  lies  lower  in  energy. 

EXECUTE:  ftrtbe  mt  = +{  stale.  V = +(2.00232);  ; ; +2  \B  = +^(2.00232)|  | il  = +£(2.00232)/^*. 

For  the  mj  = -J  stale.  V - -£(2.00232)//ft£.  The  energy  difference  between  these  two  stales  is 
A£T  = (2.Cft232)//a£. 

AE  = V .o/  = 2 ro232^B  = (2-0PH2X9274X.0-*  I/TXI.65  T)  62x|0„  »,  s4M  Q|fa  ^ 

h h 6.626  X IQ““  J j 


A = -= 


2.998X101  m's 


= 6.49x10“'  m =6.49  mm. 


/ 4.62x10"  Hz 

EVALUATE:  Rom  figure  32.4  in  Ibe  textbook.  these  are  microwaves.  The  interaction  rangy  with  Ibe  magnetic 
field  is  inversely  proportional  to  the  mm  of  the  particle,  to  it  is  leu  fur  the  proton  than  for  the  electron.  The 
* mallei  transition  eongy  for  the  proton  produce!  a larger  wavelength. 

(a)  146mi+92mu-m|;  =1.93u 

(b)  1.80x10’ MeV 

(c)  7.56  Me V per  nucleoo  (using  931.5  MeV/u  and  238  nucleons). 

iDEVnrv  and  SET  Up:  The  text  calculates  that  the  binding  energy  of  the  deuteron  is  2.224  MeV.  A photon  that 
breaks  Ibe  deuteron  up  into  a proton  rad  a neutron  must  have  at  leas!  this  much  energy. 

e=!z*>a=— 

A E 

..  , (d-nexio*1’ eVs)(2.998xl0‘ m(s)  , ...  „ 

Execute:  A = = 5.575xlCT  m =0.5575  pm. 

2.224X10*  eV 

Evaluate:  This  photon  bis  gamma-ray  wavelength. 

IDE-Vnrv:  The  binding  energy  of  the  nucleus  it  the  energy  of  its  ctxistituenl  particles  minus  Ibe  energy  of  the 
carbon- 12  nucleus. 

SET  Up:  In  terms  of  the  masses  of  tbe  particles  involved,  the  binding  energy  is 

Eb  = (6m,,  -6m.- 

Execute:  (a)  Using  the  values  from  Table  43.2.  we  get 

£■„=  |6<  1.007825  u) -6(1.006665  u)-  12.000000  u)K931. 5 MeV/U)  = 92. 16  MeV 

(b)  The  binding  energy  per  nucleoo  is  (92.16  MeVy<12  nucleons)  = 7.6SO  MeV/twcleon 

(c)  The  energy  of  the  C- 12  nucleus  it  ( 1 2.0000  u)(93 1 .5  MeV/u)  = 11178  MeV.  Therefore  the  percent  of  the  mass 

92.16  MeV 


that  is  binding  eoergy  it 


=0.5245%. 


11178  MeV 

Evaluate:  Tbe  birxling  energy  of  92. 16  MeV  binds  12  nucleons.  The  binding  eoergy  per  nucleon,  rather  than 
Just  the  total  binding  energy,  is  a better  indicator  of  the  strength  with  which  a nucleus  is  bound. 

IDEVnrv:  Conservation  of  energy  tells  us  that  tbe  initial  energy  (ptxiton  plut  deuteron)  is  equal  to  tbe  eoergy 
after  Ibe  split  (kinetic  energy  plus  energy  of  tbe  proUm  and  neutron).  Therefore  the  kinetic  energy  released  is  equal 
to  tbe  energy  of  the  photon  ramus  the  binding  eoergy  of  tbe  deuteron. 

SET  Up:  Tbe  binding  energy  of  a deuteevm  is  2.224  MeV  and  tbe  energy  of  the  photon  is  E = he/A  Kinetic 
energy  is  K = VSmv'. 

Execute:  (a)  The  energy  of  tbe  ptxiton  it 

(6.626x  10“"  J • *)(3.00x  10*  nVs ) 

3.50x10“"  at 


f-=T= 


= 5.68xl0“"j. 


The  binding  of  the  deuteron  it  £»  = 2.224  MeV  = 3.56x10*"  J . Therefore  tbe  kinetic  energy 
it K = (5.68-3.56)Xl0“"l  =212  X 10“”  J = 1J2  MeV. 

(b)  The  particles  share  the  energy  equally,  so  each  gets  half.  Solving  tbe  kinetic  eoergy  for  v gives 


,=  '2£=  2(1.06X10“  J,  — ,.,3x,0'  m/s 
V m \ 1.6605  xHT7  kg 

Evaluate:  Oxni  detable  energy  has  been  released,  because  tbe  partk’le  speeds  are  in  the  vicinity  of  the  ipeed  of  hght. 

(a)  7(mt-ma)-m(|=0.112u.  which  is  105  MeV.  or  7.48  MeV  per  nucleon. 

(b)  Similarly.  2(m,  * m.)  - = 0.03038  u = 28.3  MeV. or  7.07  MeV  per  nucleon,  slightly  kiwer  (compare  to 
figure  43.2  in  Ibe  textbook). 
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43.11.  <■)  IDENTIFY:  Find  the  energy  equivalent  of  Ihe  mass  deled. 

SEI  Up:  A "B  stum  has  5 prolan*  11-5  = 6 neutron*  and  5 electron*  The  man  delect  therelore  is 
A M = 5m,  +6m,  *5m.  -M("B> 

Execute:  AM  =5(1.0072765  u)  + 6(1.0086649  u) ♦5(O.OCCl5485799  u)-U.C0930S  u = 0.08181  u.  Ibe  energy 


equivalent  is  £,  =(0.08181  u)[931.5  MeVVu>  = 76.21  MeV. 

(b)  iDEVnrv  and  SET  UP:  Eq.(43.11):  £,  = C,A-CJA1,,-C(Z(Z-1)MV’-C,(A-2Z)'/A 
Ihe  fifth  term  is  zero  lance  Z is  odd  but  N is  even.  A = 1 1 and  Z = 5. 

Execute:  E,  =05.75  MeV)(ll)- (17.80  MeVKlll^-fOTlCO  MeV)5(4»/llu’- (23.69  MeVXll-10)'/U. 
£,  = +173.25  MeV -88.04  MeV-6.38  MeV-2.15  MeV  = 76.68  MeV 


The  percentage  difference  between  Ihe  calculated  and  memured  £ is 


76.68  MeV -76.21  MeV 
7621  MeV 


= 0.6% 


EVALUATE:  Bq.(43. 1 1 ) has  a greater  percentage  sxuracy  for  M Ni.  The  serai -empirical  mass  formula  is  more 
accurate  for  heavier  nuclei. 

43.12.  (a)  34m,  + 29*1,,  =34(1.008665)  u + 29(1. 007825)  u- 62.929601  u =0.592  u.  which  is  551  MeV. 


or  8.75  MeV  per  nucleon  (using  93 1 .5  MeV/u  and  63  nucleons). 

(b)  In  Eq.(43. 1 1 ).  Z = 29  and  N = 34.  so  the  filth  term  is  zero.  The  predicted  binding  energy  is 

£,  = (15.75  Me  V)(63)-fl7.80Me\'X63)'’  -(0.7100  MeV)ll^^-(23.69  Me  V)i£L . 

(63)*  (63) 


£,  = 556  MeV  . The  fifth  term  is  zero  since  the  number  of  neutrons  is  even  while  the  number  of  protons  is  odd. 
making  die  pairing  term  zero.  This  result  diflers  from  the  binding  energy  found  from  the  mass  deficit  by  0.86%.  a 
very  good  agreement  cun*) arable  to  that  found  in  Example  43.4. 

43.13.  IDEVnrv  In  each  case  determine  how  the  decay  changes  A and  Z ol  the  nucleus.  The  /T  and  fl~  particles  have 
charge  but  their  nucleon  number  is  A =0. 

(a)  SETUP:  a-decay.  Z increases  by  2.  A = N + Z decreases  by  4 (an  aparticleisa  *He  nucleus) 

Execute:  “Pu  -*  jHe  ♦ “ U 

(b)  SET  Up  /T  decay:  Z increases  by  L A = V ♦ Z remains  the  same  (a  /T  particle  is  an  electron.  ,®e  ) 
Execute:  f,Na  -*  $c  + £Mg 

(c)  SET  UP  /T  decay.  Z decreases  by  L A = N + Z remains  the  same  (a  /T  panicle  a a positron.  *e) 

Execute:  ‘Jo  -*  «Je  + ‘,’N 

EVALUATE:  In  each  case  the  total  charge  and  total  number  of  nucleons  for  the  decay  products  equals  the  charge 
and  number  of  nucleons  for  the  parent  nucleus;  these  two  quantities  are  conserved  in  the  decay. 

43.14.  (a)  The  energy  released  is  the  energy  equivalent  of  m, -m.  =8.40x10"*  u.  or783keV. 


<b)  m,  > m,.  and  the  decay  is  not  possible. 

43.15.  iDEVnrv:  The  energy  of  the  photon  must  be  equal  to  the  difference  in  energy  of  ihe  two  nuclear  energy  levels. 
SET  Up:  The  energy  difference  is  A £ = hc/A. 

kr  (6.626xl0*"J-s)(3.00xl0,m/s)  „ 

Execute:  AE  = — = - — — - = 8.015x10*'  1 = 0.0501  MeV 

A 0.0248x10*  J 

Evaluate:  Since  the  wavelength  of  this  photon  is  much  shorter  than  the  wavelengths  of  visible  light,  its  energy 
is  much  greater  than  visible-light  pbjtons  which  are  lrequently  emitted  during  electron  transitions  in  atoms.  This 
tells  us  that  the  energy  difference  between  the  nuclear  shells  is  much  greater  than  the  energy  difference  between 
electron  shells  in  atoms,  meaning  that  nuclear  energies  are  much  greater  than  the  energies  of  orbiting  electrons. 

43.16.  IDEVnrv:  The  energy  released  is  equal  to  the  mass  defect  of  the  initial  and  final  nuclei. 

SET  Up  Ihe  mass  defect  is  eqinl  to  the  ddleretxe  between  the  initial  and  final  masses  of  the  constituent  particles. 
Execute:  (a)  The  mass  defect  is  238.050788  u - 234.043601  u - 4.0)2603  u = 0.004584  u.  The  energy  released 
is  (0.004584  UX931.5  MeV/u)  = 4.270  MeV. 

<b)  Take  the  ratio  of  the  two  kinetic  energies,  using  the  tact  that  K = p‘f2m: 
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43.17. 

43.18. 

43.19. 

43.20. 

43.21. 

43.22. 

43.23. 

43.24. 
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The  kioetic  energy  of  it*  l\x  is 


234  + 4 

Solving  for  v in  the  kinetic  energy  gives 


KXk  = — - — (4.270MeV)  = 0.07176  McV=  1.148  Xl( Tu  J 


2(1. 148x10-“  J) 


(234.043601)1 1.6605x10- kg  I 


= 2.431x10’  m/s 


EVALUATE:  As  we  can  see  by  the  rains  o(  kinetic  energies  in  put  (b) . Ibe  alpha  panicle  will  have  a much  higher 
kinetic  energy  than  the  thorium. 

If  /T  decay  ol  "C  is  possible,  then  — e are  considering  the  decay  “C  -»  "N  + /T. 


Am  = (14.003242  u -6(0.000549  u))- (14.003074  u - 7(0.000549  u))-0,C005491  u 
Am  = +1.68x10'*  u.  So  E =(1.68x10-*  UM931.5  MeV/u)  = 0.156  MeV  = 156 keV 
(a)  A proton  change*  to  a neutron,  so  the  emitted  particle  is  a pssltron  (/P). 

<b)  The  number  of  nucleons  in  the  nucleus  decreases  by  4 and  the  number  of  protons  by  2.  so  the  eimtted  particle  is 
an  alpha-parllcle. 

(c)  A neutron  changes  to  a proton,  so  the  emitted  particle  is  an  electron  (/T). 

(a)  As  in  the  example.  (0.0)0898  UX931.5  MeV/u)  = 0.836  MeV. 

<b)  0.836  MeV  -0.122  MeV  -0.014  MeV  =0.700  MeV. 


(a)  " Sr  -*  + JJX  . X has  39  protons  and  93  protons  plus  neuUuos.  so  it  must  be  w Y. 

(b)  Use  base  2 because  we  know  the  half  life.  A = ‘ and  0.01A,  = A02’*,*u . 

r_  r,, log o.oi  _ (28 rliogOQi  _,,Mt 

log  2 log2 

iDEVnrv  and  SET  Up:  7^,  = ^ The  mass  of  a single  nucleus  is  124m,  = 2.07  xlO-3  kg. 

|AA7  A/|  = 0.350  Ci  = 1.30x10"  Bq ; |AA7A/|  = iV 

.•  ..  6.13xl0Jkg  « , AV/A/  1.30x10"  Bu  ..  . 

Execute:  A’  = ,^-  = 2.96x10";  1 = = -1  = 4.39x10"  s ' 

2.07x1 0'*5  kg  .V  2.96x10^ 

7^=?^  = 1.58x10"  s = 5.01x10*  )t 

Note  that  Eq<43.17)can  be  written  as  follows:  N = A’02'",“.  Ibe  amount  of  elapsed  time  since  the  source  was 
created  is  roughly  2 A years.  Thus,  we  expect  the  current  activity  to  be  .V  = (5COO  Ci)2~*1’  ’mun  10  = 3600  Ci.  The 

source  is  barely  usable.  Alternatively,  we  could  calculate  A = ! = 0. 1 32(ye«s)'‘  and  use  the  Eq.  43. 1 7 directly 

T,* 

to  obtain  Ibe  same  answer. 

iDEVnrv  and  SET  Up:  As  discussed  in  Section  43.4.  the  activity  A = [iiV/dr|  obeys  Ibe  same  decay  expiation  as 
Eq.  (43.17):  A = A-e".  For  “C.  f - = 5730  y and  A = Ib2/7],.  soA  = A,e',ki*"l‘:CalculaU:AaIe«ht 


\ = 180.0  decays/tnin. 

Execute:  (■)  i = 1000  y.  A = 159  decayVmn 
<b)  t = 50.000  y.  A =0.43  decayw'min 

Evaluate:  The  time  m part  (b)  is  8.73  half-lives,  so  the  decay  rate  has  decreased  by  a factor  o*  (j)‘  ”. 
IDEVnrv  and  SET  Up:  The  decay  rale  decreases  by  a factor  of  2 in  a time  of  one  hall-life. 

Execute:  (a)  24  d is  37V,  so  the  activity  is  (375  Bq)/(2‘)  = 46.9  Bq 


(b)  The  activity  is  proportional  to  the  number  of  radioactive  nuclei,  so  the  percent  is  17-0B<1  = 36.2% 

46.9  Bq 

<c)  u‘l-»!|e+«Xe  The  nucleus  IJ'Xe  is  produced. 

Evaluate:  Both  the  activity  and  the  number  of  radioactive  nuclei  present  decrease  by  a factor  of  2 in  one  half- 
life. 
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43.25. 

43.26. 


43.27. 

43.28. 


43.29. 


43.30. 

43.31. 


(a) 

(b)  N = Nye^'.N  =0.1 00.V,  and  >.  = (b>  2)/Tl  .2 

0.100=^^;  -f (In 2), *7; >2  = ln(0. 100);  g=~W^Tul  = 40.9 y 


(a)  — = 500  /iCS=  (5(0x10^X3.70x10”  s'4) =I-85xl07  <fecays/s 

rll  = — -♦>.=  — = — = 6.69x10“’*. 

' a 1 2 (1(86.400*  d) 

— = JJV  ->  JV  = ^ ^ decayt.  * _ ^77 ^ jqi»duc1|;-  mass  of  this  many  m Ba  nuclei  is 

dt  X 6.69x10  s”* 

m = 2.77  xlO*3 nuclei  X(1 31  xl.66xlO“J7  kg  .'nucleus  ) = 6.0xl0"12  kg  = 6.0x10"*  g = 6.0  ng 
|b)  4 = ^.  1/iCi  = (500^01)*“*.  ln(17500)  = -At. 

,=-W  ms9i9<tf,  — Li — j = 108  day* 

6.69X10-  .-'  : 86,41X1.  7 


(InZW 


= WA,\). 


A = V = V 

r;  = - = - <ln  2)1400 d*>'*)  = 2.80<lays 

* ln(AA,»  ln(3091  8318) 

— =,iA'.  A = — = = 1.36x10-".-*. 

* r 1620  yr  (3.15x10'  »/>t) 


N = H 


6.022x10“  atoms 
226c 


= 2665x10” 


i.v 


— = = (2665 X 10 J Ml. 36x  10"" I*1)  = 362x10'  decayrfs  = 3.62xlO"*Bq 


Convert  to Q:  3.62x!0- B,]^,  bJ= 0.980 

iDEVnrv  and  SET  Up:  Calculate  tlx  number  V ol  “C  atoms  in  the  sample  and  then  use  Bq.  (43. 17)  lo  lind  the 
decay  constant  A.  Eq.  (43.18)  then  gives  Tul. 

BXEtTTE:  Find  the  total  numbet  ol  carbon  atoms  m the  sample. 
n = m/M; 

N„=nN,=mNJM  =(120x10'’  kgM6.022xl0°  alonWmolV(  12.01 1x10"’  kg/mol) 

N„  =6.016x10”  atonB.so(1.3xl0-u)(6.016xl0u)  = 7.82xl0"  carboo- 14  atoms 
AN/Af  = -180  decuysfaun  = -3.00  decays/s 

&N/to  = -AN;  M=~AV/Af  =3.836X10-'*  s~‘ 

.V 

7;,,  = (In  2)1  A = 1.807x  10"  s = 5730  y 

Evaluate:  The  value  we  calculated  agrees  with  the  value  given  in  Section  43.4. 

360x10* decays  -4  |7xl0>  Bq  = 1.13xl0-,  Ci  =0.1 13  ,,C». 

86.400  s 


(*) 


— =7.56x10"  Bq  = 736xl0“  decays.'*.  A = 


0.693 


0.693 


(30.8  min)(60s  tan) 


= 3.75x10-*  I*'. 


1 \dN  736X10"  decavs.s  - 

N,  =- = — -2 — = 202x10"  nuclei. 

A\di  3.75x10-*  s-' 
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43.32. 

43.33. 


43.34. 

43.35. 

43.36. 

43.37. 


43.38. 

43.39. 


(b)  The  Dumber  of  nuclei  left  after  one  half-life  is  -y.  = 1.01x10^  nudes,  and  the  activity  is  half: 

= 3.78xlOl,<fccays/i. 

(c)  After  three  half  lives  (92.4  minutes)  there  is  an  eighth  of  the  original  amount,  so  <V  = 2.53X1014  nuclei.  aoJ  an 

JN 


eighth  o!  the  activity: 


The  activity  of  the  sample  is 


=9.45x10"  decay*/#. 
3070  decays  min 


= 102  Bq  .'kg.  while  the  activity  of  aUnosphrrk*  carbon  is 


In  <102  255)  _ In  (102/255)  _ 

,„-4 ,3,i> 


<60  sec  nun)  (0.500  kg) 

255  Bq,'kg  (see  Eximple  43.9).  The  age  o< the  sanple  is  then  / = ^ lu4 

IDENTIFY  anil  SET  UP;  Find  A Horn  Ibe  half-Ule  and  Ibe  number  iV  ol  nuclei  from  Ibe  mass  of  one  nucleus  and 
(he  miss  of  Ibe  simple.  Then  use  Eq.(43.16)  lo  calculate  \dNldil.  Ibe  number  of  decay*  pec  second. 

EXECUTE:  (a)  I JN/dt  1=  AN 

A = 2*”l  = ,1.715x10-,^ 

TV1  (1.28x1 (T  y)<3.156xl(r  s/1  y) 

The  mass  of  41 K atom  is  approximately  40  u.  so  the  number  of  44  K nuclei  in  the  sample  is 
N _ 163x10'*  kg  _ ■ .63x10—  kg  a2-4$4x|tfs 

40  u 400.66054x10—  kg) 

Then  liiV/dfl=  AN  = (1.715x10—  s-)(2.454xl0“)  = 0.421  decays/s 
(b)  l«flV/drl=<0.421  decays/sXl  Ci/(3.70xlOc  decays/,)),  1.14x10—  Ci 

EVALUATE:  The  very  small  sample  still  contains  a very  large  number  of  nuclei.  Bui  Ibe  hall  life  is  very  large,  so 
the  decay  rale  is  small. 

(a)  rem  = rad  x RBE  200  = «(10)  and  x = 20  rad. 

(b)  1 rad  deposits  0.010  J/kg . so  20  rad  deposit  0.20  J/kg  . This  radiation  affects  25  g (0025  kg)  of  tissue.  »i  the 
total  energy  is  (0.025  kg)(0.20J/kg)=5.0xl0J  J = 5.0 ml 

(c)  Since  RBE  = 1 for  /J-rays.  so  rem  = rad.  Therefore  20  rad  = 20  rem. 

1 rad  = 10-  Gy.  so  1 Gy  = 100  rad  and  Ibe  dose  was  500  rad. 

rem  = IradllRBE)  = <500  radK4.0)  = 200D  rem.  1 Gy  = 1 J/kg . so  5.0  J/kg . 

IDE-Vnr*  and  SET  IP:  Foe  » rays  RBE  =1  so  Ibe  equivalent  dose  in  Sv  is  the  same  as  Ibe  absorbed  dose  in  J/kg. 
EXECUTE:  One  whole-body  scan  delivers  (75  kgX12xlO~’  J/hg)  = 0.90  J . One  chest  * ray  delivers 

<5.0kgX0.20xl0-  J/kg)  = 1.0xl0J  J.  It  takes  -^2^—  = 900  cbest  * rays  to  deliver  the  same  tiXal  energy. 

IDENTIFY  and  SET  UP:  For  x rays  RBE  = 1 and  Ibe  equivalent  dose  equals  die  absorbed  dose. 

Execvte;  (a)  175  krad  = 175  krem  = 1.75  kGy  = 1.75  kSv 
0 - 75x10*  J/kgX0.150  kg)  = 2.62x1 01  J 
(b)  175  krad  = 1.75  kGy  : (1.50X175  krad)  = 262  krem  = 2.62  kSv 
The  energy  deposited  would  be  2.62x10*  J . ibe  same  as  in  (a). 

EVALUATE:  The  energy  required  to  raise  the  temperature  of  0.150  kg  of  water  1 C is  628  J.  arxl  2.62x10*  J is 
less  than  this.  The  energy  deposited  corresponds  to  a very  small  amount  of  heating. 

(a)  5.4  Sv  ( 100  rem/Sv)  = 540  rera. 

(b)  The  RBE  of  1 gives  an  absorbed  dose  of  540  rad. 

(c)  The  absorbed  dose  is  5.4  Gy.  so  the  total  energy  absorbed  is  (5.4  Gy)  (65  kg)  = 351  J.  The  energy  required  to 
raise  the  temperature  of  65  kg  by  0.010"  C is  (65  kg)  (4190  J/kg  • K)  (0.01C*)  = 3 kJ. 

(a)  We  need  to  know  bow  many  decays  per  second  occur. 

0.693  0.693 


(12.3  y)  (3.156x10*  s.  y) 


= 1.79x10  » . 


The  number  of  tritium  atoms  is  Vc  = — - 


:<0.35C„(3.70„0-Bq  C,)s7  2540x|0,,  ^ 
‘.79x10  s"4 
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The  numbef  o f remaining  nuclei  after  one  week  is 

N = Nat-*=Q.25xl(f^)e-a»a•’^',mooom*•=^2462xl<f,  nuclei.  AN  = -N  = 7.8  XlOu  decays.  Solbe 
energy  absorbed  it  E^=AN  £r  = (7.8xl0,,)(50COeV)<1.60xl<r“j/eV)  = 6.24  J.  The  absorbed  dose  is 


=0.125  J/kg  = 125  rad.  Since  RBE  = 1.  then  Ihe  equivalent  (lose  is  125  rem. 

(b)  In  Ihe  decay,  antinetanw  are  alio  eiiutled.  These  are  not  absorbed  by  the  body,  and  so  scene  of  Ihe  energy  of 
the  decay  is  lost  (about  12  keV  ). 

43.40.  (0.72x10"*  Ci)  (3.7x10”  Bq/Ci)  (3.156x10’  *)  = 8.41x10"  a particles.  The  absorbed  dose  is 
(8.41xl0*l)(4.0xlU^cVH1.602xl0~l‘l  eV  > -^QgQy  — ipg^^  The  eqtnvaknl  dose  is  QO)  (108  rad)  = 2160  ran. 

43.41.  (a)  IDENTIFY  arxl  SET  UP:  Determine  X by  balancing  the  charge  and  nucleon  number  on  the  two  sides  of  the 
reaction  equalioa. 

EXECUTE;  X must  have  A = 2+14-10=6  and  Z = 1+7  — S = 3.  Thus  X is  tLiaoJ  the  reaction  is 


;h.“n-*‘lu'|b 

<b)  IDENTIFY  and  SET  UP;  Calculate  the  mass  decrease  arxl  find  its  energy  equivalent 

EXECUTE:  The  neutral  atoms  on  each  side  of  the  reaction  equation  have  a total  of  8 electrons,  so  the  electron 

masses  cancel  when  neutral  atom  masses  are  used.  The  neutral  atom  masses  are  found  in  Table  43.2. 

mass  of  !,H  + “,N  is  2.014102  u *14.003074  u = 16.017176  u 

mass  of  ‘Li  * “B  is  6.015 121  u + 10.012937  u = 16.028058  u 

The  mass  increases,  so  energy  is  absorbed  by  the  resrtion.  The  Q value  is 

06.017176  u -16.028058  UX931.5  MeV/U)  = -10.14  MeV 

(c)  Identify  and  SET  Up:  The  available  energy  in  the  collision,  the  kinetic  energy  Km  in  the  center  of  mass 
reference  frame,  is  related  to  the  kinetic  energy  K of  the  bombarding  particle  by  Eq.  (43.24). 

Execute;  The  kinetic  energy  that  must  be  available  to  cause  the  reaction  is  10. 14  MeV.  Thus 

= 10.14  MeV.  The  mass  .If  of  Ihe  stationary  target  (“N)  is  M = 14  u.  The  mass  m of  the  colliding  particle 
({H)  is  2 u.  Then  by  Eq.  (43.24)  the  minimum  kinetic  energy  K that  the  jll  must  have  is 

K =f  ; JC_=|  | (10.14  MeV) =1159  MeV 

' « ' 14  u • 


Evaluate:  The  projectile  (JH)  if  much  lighter  llua  the  Utfget  ( “N  | so  K is  not  much  larger  than  K^.  The  K 


we  haw  calculated  n what  is  required  to  allow  the  mass  increase.  We  would  also  need  to  check  to  see  if  at  this 
energy  \he  projectile  can  overcome  the  Coulomb  repulsion  to  get  sufficiently  close  to  the  Uffgel  nucleus  lor  the 
reaction  to  occur. 

43.42.  m|u,  “miu* -0,|b  “ l-97xl(T*ti.  so  the  energy  released  is  18.4  MeV. 

43.43.  iDEVnrY  and  SET  UP:  Determine  X by  balancing  the  charge  and  the  nucleon  number  on  the  two  sides  of  the 
reaction  equation. 

EXECTTE:  X must  have  A = +2+9-4  = 7 and  Z = +l  + 4-2  = 3.  Ulus  X is  ]Li  and  the  reaction  is 
jH»‘Be  =Jli*‘He 

<b)  Identify  and  SET  Up;  Calculate  the  mass  decrease  and  find  its  energy  equivalent. 

Execute:  If  we  use  the  neutral  atom  masses  then  there  are  the  sun e number  of  electrons  (five)  in  the  reactants 

as  m the  products.  Their  masses  cancel,  so  we  get  the  same  mass  defect  whether  we  use  nuclear  masses  or  neutral 

atom  masses.  The  neutral  atoms  masses  are  given  m Table  43.2. 

fH*tBe  has  mass  2014102  u +9012182  u = 11.26284  u 

]U + JHe  has  mass  7016003  u + 4.002603  u = 1 1.018606  u 

The  mass  decrease  is  1 1 .026284  u - 1 1 .0 1 8606  u = 0.007678  u. 

This  corresponds  lo  at  energy  release  of  0.007678  u(93 1 .5  MeV/l  u)  = 7.152  MeV. 

(c)  IDENTIFY  and  SET  Up:  Estimate  the  threshold  energy  by  calculating  the  Coulomb  potential  energy  w hen  the 
f H and  jBe  nuclei  just  touch.  Obtain  the  niarlear  radii  from  Eq.  (43.1). 

Execute;  The  radius  of  the  ’.Be  nucleus  is  R*,  = (1.2x10^  mlW)"  = 25x  10'u  m. 

The  radius  £.  of  the  fH  nucleus  is  = (12xl0"“  mM2)ul  =15x10^  m 
The  nuclei  touch  when  their  center-io-center  separation  is 
R = R_+R„  =4.0x10*"  m 
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43.44. 


43.45. 


43.46. 

43.47. 

43.48. 

43.49. 

43.50. 

43.51. 

43.52. 


The  Coulomb  potential  energy  of  the  two  reactant  nuclei  at  this  separation  is 
tr-  1 1 *<4*) 

4 r 4^<g  r 

4(I6°2xia  C)  = 14  MeV 

(4.0x10  mKl-602xl0  J/eV) 

This  is  an  estimate  of  the  threshold  energy  foe  this  reaction. 

Evaluate:  The  reaction  releases  energy  but  the  total  initial  kinetic  energy  of  the  reactants  must  be  1 .4  MeV  in 
order  for  the  reacting  nuclei  to  gel  close  enough  to  each  other  for  the  reaction  to  occur.  The  nuclear  force  is  slrcng 
but  is  very  short-range. 

IDENTIFY  and  SET  LI:  0.7%  of  naturally  occurring  uranium  is  the  isotope  m U . The  mass  of  ooe  **  U nucleus 
is  about  235mF. 

Execute:  (a)  The  number  of  fissions  needed  is 


m 


<200x10*  eVXl.WxlO*4*  J/eV) 
U required  is  (3.13x  10*X235*O  = 1^3xl05  kg. 


= 3.13x10“' . The  mask  of 


lb)  l-»xl0,lga,.76x|O,k 
0.7x10— 

EVALUATE:  The  calculation  assumes  100'S  coovetsioo  of  fission  energy  (o  electrical  energy. 

IDENTITY  and  SET  Up:  The  energy  released  is  (he  energy  equivalent  o!  the  now  decrease.  1 u is  equivalent  to 
931.5  MeV.  The  mass  or  ooe  “U  nucleus  is  235 m,. 

Execute:  (■>  “U  + ^n-»'"Ba-f  "Kr*-3|n 

We  can  use  atomic  masse*  since  the  same  number  o!  electrons  are  included  on  each  tide  of  the  reaction  equation 
and  the  electron  masses  cancel.  The  mass  decrease  is 
AM=«(“'U)^('n)-[»,)-Ba)  + «(»  + 3m('n 
A M = 235.043930  u + 1 .0C66649  u - 1 43.922953  u - 88.9 1 7630  u - 3<1 .0)86649  u) 

AM  =0.1860  u.  The  energy  released  is  (0.1860  uX93 1.5  Me VXi)  = 173.3  MeV  . 

(b)  The  number  of  nuclei  m 1 .00  g is  * J0>1() — = 2.55  X 1021 . The  energy  released  per  gram  is 

235m. 

073.3  MeV/nocleu*X25SxlO“  nuclei/g)  =4.42x10°  MeV/g  . 

(a)  iJSi  + r-  uMg+|X.  A » 24  = 28  *.  A = 4.  Z + 12  = 14  so  Z = 2.  X is  an  aputide. 

(b)  E = (23.985042  u ■»  4.002603  u -27.976927  u)  (93 1.5  MeV/u)  = 9.984  MeV 

The  energy  liberated  will  be 

•M(jHe) * Af£He)-M(?Be>  = (3.016029  u * 4.002603  u -7.016929  uM931.5  MeV/u)  = 1.586  MeV. 

(a)  Z = 3 + 2-0  = 5and  4 = 4 + 7-1  = 10. 

(b)  The  nuclide  Is  a bocuo  nucleus,  and  -3.C0X  10~’  u.  ad  so  2.79  MeV  of  energy  is  absorbed. 

Nuclei:  JX'*  -*  +*  He1*  . Add  the  mass  of  Z eleclruns  to  each  side  and  we  fmd: 

Am  = Af  (JX)  - Af  (J  jY)  - Af (jHe).  where  now  we  have  the  mass  of  the  neutral  atoms.  So  as  long  as  the  mass  of 
the  original  neutral  atom  is  greater  than  the  sum  ol  the  neutral  products  masses,  the  decay  can  happen. 

Denote  the  reaction  as  JX  -*  * e".  The  mass  defect  is  related  to  the  change  in  the  neutral  atomic  masses  by 

(m, -ZmJ-lm, -(Z -*11*1.1 -m,  =(m,-ml\ 
where  m,  and  m,  are  the  masses  as  tabulated  in.  fox  instance.  Table  (432). 

JX'* -s,_l‘Yl’~“*-*/r.  Adding  <Z-1)  electrons  to  both  sides  yields  JX* -*  2_fY+^* . So  in  terms  of  masses: 
Am  = M(iX*)-M(M4Y)-^=(M(JX)-^)-Af(M4Y)-»^=M(;x)-Af(M4Y)-2m..  So  the  decay  will 
occur  at  long  as  the  original  neutral  mass  is  greater  than  the  sum  of  tbe  neutral  product  mats  and  two  electren  mattes. 
IDENTITY  and  SET  l>:  m = pV.  1 gal  = 3.788  L = 3.788xlCr' m'.  The  mass  of  a “U  nucleus  is  235m,. 

1 MeV  = 1 .60x10"“  J 

Execute:  (a)  For  1 gallon.  m = pV  = (737  kg/m’X3.788xl0'1  m’)  = 2.79kg  = 2.79xl01  g 
1.3x10*  1/gal 


2.79x10' 


= 4.7x10*  J/g 
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(b)  1 g contain.  1"^!‘  4=2.55x10"  nuclei 

2J5m, 

<200  Me  V/nucku.)fl. 60x10-“  J/MeVXlSSxlO"  nucki)  = 8.2xlO”  J/g 

(c)  A nuu*  ol  6m  produce.  26.7  MeV. 


(26.7  MeVX1.60xl0'''  J/MeV) 


= 426x10“  J/kg  = 4.26x10"  J/g 


(d)  The  total  energy  available  woukl  be  (1.99x10®  kgX4.7xl0<  J/Vg)  =9.4x10"  J 

= «,  ,sgggys  *d2l£l  =2.4X10"  , = 7600  y, 

/ power  3.86x10*  W 

EVALUATS:  If  the  mass  of  the  sun  were  all  proton  fuel,  it  would  contain  enough  fuel  to  last 

43.53.  UUng  Eq:  <43. 12):  J M = ZM„  + Vm,  - ff./c1  ->  M(,®Na)  = 11M„  *13m.  /cJ . 

But  f,  =(15.75  MeV)(24) -(17.80 MeV)(24)u -(0.7100MeV)liiH2i- 

(23.69  MeV) 124  ~^2(  11,1  -(39  MeV)(24)-*’  = 198.31  MeV. 


M(JJ  Ns)  = 1 1(1.007825  u)  + 13(1  .008665  u)-*1983***8^  = 23.9858 


_ 23.99CP63- 23.9858  „„„ 

St  error  = x 100 =0.022*. 

23.990963 


If  the  binding  energy' term  i.  neglected.  M(“Na)  = 24. 1987  u and  tbe  percentage  emu  would  be 
24.I987-23.990963x|00  = 0>7^ 

23.990963 


43.54.  The  a particle  will  have--  of  tbe  released 
5.032  X 10°  u or  4.69  MeV. 


energy  (see  Example  43.5).  — (^  -«,) 


43.55.  (a)  Identify  aaJ  SET  IP:  The  beaver  nucleus  will  decay  into  tbe  lighter  coe. 

EXECUTE:  gAl  will  decay  into  gMg. 

(b)  iDEVnry  and  SET  UP:  Determine  the  emitted  particle  by  balancing  .4  and  Z in  the  decay  reaction. 

Execute:  This  gives  gAl-*g  Mg  +4?  e.  Tbe  emitted  particle  must  haw  charge  +r  and  its  nucleon  number 
must  be  zero.  Therefore,  it  is  a /T  particle,  a positron 

(c)  IDEVFIFY  and  SET  UP:  Calculate  the  energy  defect  AAf  for  tbe  reaction  and  !inJ  the  energy  equivalent  of 
AM.  Use  the  nuclear  masses  for  g A1  and  gMg.  to  avoid  confusion  in  including  the  correct  number  of  eketrons  if 
neutral  atom  masses  are  used. 

Execute:  Tbe  nuclear  mass  for  g A1  it  (gAl)  = 24.99W29  u - 13<0.<XM)548580  u)  = 24.983297  il 
The  nuclear  miss  for  gMgisM^  (g Mg)  = 24.985837  u -12(0.000548580 u)  = 24.979254  u. 

The  mass  defect  for  tbe  reaction  is 

AM  = \1„  (gAQ-Af^  <*Mg)-Af  («  e)  = 24.983297  u- 24.979254  u - 0.00054858  u = 0.CD3494  u 
0 = (AM)c2  = 0.003494  u(931.5  MeV/1  u>=3.255  MeV 

Evaluate:  Tbe  mass  decreases  in  the  decay  and  energy  is  released.  Note:  g A1  can  also  decay  into 
gMg  by  tix  electron  capture. 
uAl+-J  e -*S  Mg 

The  electron  in  tbe  relation  is  an  orbital  electron  m the  neutral  gAl  atom.  The  mass  defect  can  be  calculated 
using  tbe  nuclear  masses: 

AM=Af^  (gAl)  + Af  d,e)-Af^  ( g Mg )=  24.983287  u + 0.00054858  u -24.979254  u =0.004592  u. 

Q = ( AAf  )2  ca  = (0.004592  uX931.5  MeV/l  u)  = 4.277  MeV 
The  mass  decreases  in  the  decay  and  energy  is  released. 
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43.56. 


43.57. 


43.58. 


43.59. 


(a)  m„„-Bi„R-m>1|<=5.81xlO',u.«e  = 5.41MeV.  The  energy  of  the  alpha  particle  is  (206.210)  limes  ll»s. 
or  5.30  MeV  (see  Example  43.5). 

<b)  ”'|f  ^ -mrfc  = -5.35xlO"'u  <0.  so  the  decay  is  not  possible. 

<c)  -m,  =-8.22xl0Ju<0.  so  the  decay  It  not  possible. 


(d|  m:,M  >m*^.  so  the  decay  is  not  possfcle  (see  Problem  (43.50)). 


(e)  m:,li*2n,>n3|Pl.  so  the  decay  is  not  possible  (see  Problem  (43.51)). 

IDENTITY  and  SET  IP:  The  amount  ol  kinetic  energy  released  is  the  energy  equivalent  o f the  mass  change  in  the 
decay,  m.  =0. 03054 86  u and  the  atomic  mao  of  “N  is  14.003074  u.  The  energy  equivalent  of  1 u is 
93 1 .5  MeV.  "C  has  a half-life  of  Tul  = 5730  >t  = 1 .8 1 x 10"  s . The  RBE  for  an  electron  is  1 .0. 

Execute:  (a)  “c  -*  e‘  + “N  ♦ tr 

<b)  The  mass  decrease  is  AM  = m(,JC)-i  in +«(ljN)  i . Use  nuclear  masses,  to  avoid  difficulty  in  accounting  foe 
atomic  electrons.  The  nuclear  miss  of  “tC  is  14.103242  u-6m.  = 13.999950  u . 

The  nuclear  miss  of  *?Nis  14.C03074  u- 7m.  =13.999234  u . 

AM  = 13.999950  u- 13.999234  u -0.0CO549  u = 1.67x1  O'4  u . The  energy  equivalent  of  AM  is  0.156  MeV. 

(c)  The  mass  of  carbon  is  (0.18)(75kg)  = 13.5kg.  From  Exartple  439.  the  rxtivity  due  to  1 g of  carton  in  a 
living  organism  is  0255  Bq.  The  number  of  decay/s  due  to  13.5  kg  of  carbon  is  (13-5xlO*X0.255  Bq/g)  = 

3.4x10*  decays/s. 

<d)  Each  decay  releases  0.156 MeV  so  3.4 xlO1  decays/s  releases  530  MeV/*  = 8.5x10-"  J/s. 

(e)  The  total  energy  absorbed  in  1 yr  is  (8.5xlCu  J/«X3.156x  10’ s)  = 2.7xl0J  I . The  absorbed  dose  is 
=-^i|^  = 3.6xI0'’ 1/kg  =36 /iGy=  3.6  mrad.  With  RBE  = 1.0.  the  equivalent  dose  is  36pSv  =3.6  mrem. 
IDENTIFY  and  SET  Up:  mt  = 264 m4  = 2.40X  lO-**  kg . The  total  energy  of  the  two  photons  equals  the  rest  mass 


energy  m.  t*  of  the  picei. 

Execute:  (a)  £_  -ii»v'  =i(2.40xl0'“  kg)<3. 00x10*  m/s)'  = 1.08  XlO"  J =673  MeV 


^sTwl=r 


he  1.24x10-*  eV-rn 


= 1.84x10"  m = 18.4  fm 


The  number  of  mesons  needed  is 


= 2.3x10'  meson.'. 


67.5X10*  eV 

These  are  gamma  ray  photons,  so  they  have  RBE  = 1.0. 

(b)  Each  pion  debvets  2(1.08xl0'"  J)  = 2.16x10'"  1. 

The  absorbed  dose  is  200  rad  = 2.00  Gy  = 2.00  f/Vg. 

The  energy  deposited  is  (25x10-*  kgX2.00  I/kg) =0.050  J . 

0.050  J 

2.16x10""  1/nxson 

EVALUATE:  Note  that  charge  is  conserved  in  the  decay  since  the  pion  is  neutral.  If  the  pton  is  initially  at  rest  the 
photons  must  have  equal  iminxnta  in  opposite  directions  so  the  two  photons  have  the  same  A and  are  emitted  in 
opposite  directions.  The  photons  also  have  equal  energies  since  they  have  the  same  momentum  and  E = pc . 
IDENTITY  and  SET  Up:  Find  the  energy  equivalent  of  the  mao  decrease.  Part  of  the  released  energy  appears  as 
the  emitted  photon  and  the  rest  as  kinetic  energy  of  tlx  electron 
Execute:  Au  Hg ♦*  e 

The  mass  change  is  197.968225  u-197.966752  u = 1.473xl0-*  u 

(The  neutral  atom  masses  include  79  elections  before  the  decay  and  80  electrons  after  the  decay.  This  one 
additional  electron  in  the  peodtxts  accounts  correctly  for  the  electron  emitted  by  the  nucleus.)  The  total  energy 
released  in  the  decay  is  (1.473 xlO'*  UX931.5  MeWu)  = 1 .372  MeV.  This  energy  is  divided  between  the  energy  of 


the  emitted  photon  and  the  kinetic  energy  of  the  particle.  Thus  the  /T  particle  has  kinetic  energy  equal  to 
1.372  MeV  -0.412  MeV  =0.960  MeV. 

Evaluate:  The  emitted  electron  is  much  lighter  than  the  'JJlfg  nucleus,  so  the  electron  has  almost  all  the  final 
kinetic  energy.  The  final  kinetic  energy  of  the  IMHg  nucleus  is  very  small. 
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43.60.  (See  Problem  (43.51))  m,^ -m„,  -2m.  =1.03xl0'1  u Decay  is  energetically  possible. 

43.61.  iDEYTirv  and  SET  UP:  Tbe  decay  1;  energetically'  possible  il  (he  total  mass  decrease!.  Determine  Ihc  nucleus 
produced  by  (be  decay  by  balancing  A and  Z on  bolh  sides  of  (he  equaticei.  'JN  -*^e+  To  avoid  confusion  in 
including  (he  correct  number  ol  elections  wi(h  neutral  atom  masses.  use  nuclear  masses.  obcaioed  by  subtracting 
(he  now  of  (he  alotnic  ekclronv  from  (be  neutral  atom  masses. 

Execute:  Tbe  nuclear  mass  for  “N  is  if.  ( ‘,'N)  = 13.(05739  u - 7(0.00054858  u)  = 13.001899  u. 


The  nuclear  truss  for  "C  it  Af  « < ',’C)  = 1 3.003355  u - 6(0.00054858  u)  = 1 3.(0(064  u. 

The  mass  defect  for  the  reaction  u 

AAf  =Af„  (“Nj-Af^  (“C)-Af| [».  AM  =13.001899  u- 13.000064  u -0.0(054858  u =0.001286  u. 
Evaluate:  The  mass  ikvreu.ee i in  the  decay.  so  energy  is  released.  Ibis  decay  is  energetically  possible. 

43.62.  (a)  A least-squares  fit  to  log  of  tbe  activity  n time  gives  a slope  of  A = 0.5995  h~'.  for  a half-life  of  = 1 . 16  h. 

(b,  He  .“fal  activity  is  ^ . and  Ou,  gives  ^ = 


(c)  N^~'  =1.81X10'. 

43.63.  The  activity  A(r)  - but  • = -iJ V(/>  so  -i.N0  = A,  . Taking  the  derivative  of 

dt  di 

N(l)  = N,r-  i£M  = = V~*  - or  A(r)  = \t~‘. 


43.M.  Rom  Eq.43. 1 7 ,V(r)  = V'  but  Nf*  = N<e"  ' 


*VI 


= Af#[e-“"  | 

(We  have  used 


SoN0)  = Nt\-  where  n = — . 

2 71, 


= V.[A,W  J 

it  1iln«  = to(«'>.  e"  =(r‘)'.  and  e1"  =».) 


43.65.  !DE.vnrv  and  SET  UP:  One-half  of  tbe  sample  decays  in  a time  of  Tui- 

Execute:  «.,  i£^>L  = 5.0x10- 
200.000  yr 

<b)  (j)!<'1** . This  exponent  is  too  large  for  most  hand-held  calculators.  But  (j)  = 1(7®*"  so 

=(,0^.|)s^=1O4X» 

43.66.  iDEVnrv  and  SET  UP:  Tul=^..  Tbe  mass  of  a single  nucleus  is  149m,  =2.49x10"“  kg.  AiV/Ar  = -AN  . 

Execute:  N = * *-82x10“  • AN/M  = -2.65  decays/s 

A = = 5.sox  10"“  s'1;  r„,=^i= I26x  10“  s = 3.99X  10M  yr 

N 4.82x10'*  A 

43.67.  iDEVnrV:  Use  Eq.  (43. 17)  to  relate  the  initial  number  of  radioactive  nuclei  to  the  number . I V.  kft  after  time  I. 
SET  Up:  We  have  to  be  careful;  after  rRb  has  undergone  radioactive  decay  it  is  no  longer  a rubidium  atom.  Let 
Na  be  the  number  of  15 Rb  atoms:  this  number  doesn't  change.  Let  N„  be  the  number  of  " Rb  atoms  oo  earth 
when  tbe  solar  system  was  formed.  Let  iV  be  It*  present  number  of  "Rb  atoms. 

Execute:  Tbe  present  measurements  say  that  0.2783  = N/(N  * Na). 

(N  * V„)(0.2783)  = N.  so  N = 0.38561V  The  percentage  we  are  asked  to  calculate  is  Na  /(N0  + Nu). 

N and  V,  are  related  by  N = V*1  so  ,VC  = e’“N. 

•n,,..  *0  - Ne*  - (0.3855e")A'„  _ 0.3856?* 

V#  + V iVf+N',,  (0.3856?“  ).V„  + N„~  0.3856?“  * 1 ‘ 

r = 4.6xl0*y;  -U-6"  = 0693  =1.459xlQ-11  y' 

Tia  4.75x10"  y 

?*  = ’’  = ?0""  = 1 .0594 
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43.68. 

43.69. 


43.70. 

43.71. 

43.72. 


IBM 


[0.3856X1.0694) 


= 29.2%. 


S0  + Nu  (0.3856X1  -0694)  ♦ 1 

Evaluate:  The  half-life  foe  ,7Rb  u a factor  of  10  Larger  than  the  age  of  the  solar  system,  so  only  a small 
fraction  of  Ibe  ,?Rb  nuclei  initially  present  haw  decayed;  the  percentage  of  rubidium  atoms  that  arc  radioactive  is 
only  a bit  less  now  than  it  was  when  the  solar  system  was  formed. 

(a)  (6.25xlOl2)(4.77xl04  MeVXl^xKr1*  J,eV)/(70.0  kg)  = 0.0682  Gy  = 0.6S2  rad 

(b)  <20X6.82  rad  ) = 136  rent 

(C)  NA=  — =1.17x10*  Bq  =31.6 nCi. 

Amr  ri<2 

(d)  . ~ 5.34x10*  *.  about  an  hour  and  a hall.  Note  that  this  lime  is  so  small  m comparison  with  the 

half-life  that  the  decrease  in  activity  ol  the  source  may  be  neglected. 

Identify  and  SET  Up:  Find  the  energy  emitted  and  the  energy  absorbed  each  second.  Ccovert  the  absorbed 
energy  to  absorbed  dose  and  to  equivalent  dose. 

EXECUTE:  (a)  First  find  the  number  of  decays 


2.6X10-  C,[3.T0.10'W,  ;=96t,tf 

The  average  energy  per  decay  is  1 -25  MeV.  aod  one-hall  o!  this  energy  i>  depilated  In  the  tumor.  The  energy 
delivered  U>  the  tumor  per  lecotxl  then  is 

y(9.6x  10*  decays'*  X 1 .25x  10*  eV/decayX 1.602x10'"  J/eV)  =9.6x10'  j/s. 

(b)  The  absorbed  dole  is  the  energy  absorbed  divided  by  the  man  of  the  tissue. 

9 0 500 kg^  = <l9xl<r*  I/kgsXl  r*l(0.01  I/kg))  = 1.9x10-  rad's 

(c)  equivalent  dose  (REM)  = RBE  x ah  untied  dine  (rad) 

In  one  second  the  equivalent  dose  it  0.70(1.9x10-  rad)  = 13x10-  rem. 

(d)  (200  rem'1.3xl0—  rein's)  = 1/5x1  O'  s(l  h'3600*)  = 420  h =17  days. 

Evaluate:  The  activity  ol  the  source  is  small  so  that  absorbed  energy  p:r  second  is  small  and  it  tales  several 
days  lor  an  equiv  alent  dose  of  200  rem  to  be  absorbed  by  the  tumor.  A 200  rem  dose  equals  200  Sv  and  this  is 
large  enough  to  damage  the  tissue  ol  the  tumor. 


(a)  Alter  40  mm  = 240  s,  Ibe  ratio  ol  the  number  ol  nuclei  is  2 = 2°*”  ST'nn  =124. 


(b)  Alter  15.0  min  = 900  s.  the  ratio  is  7. 15  xlO’. 

IDE-Vnrv  and  SET  Up:  The  number  ol  radioactive  nuclei  left  after  time  I is  given  by  V = Nf~*.  The  problem 
says  Y/Vo  = 0.21;  solve  foe  /. 

Execute:  0.21  = e**  so  ln(0.21)  = -Ai  aod  / = -MO.21)/^ 

Example  43.9  gives  ^ = 1.209x10- y-  for  WC.  Thus  1 = - =1-3x10*  y. 

Evaluate:  The  half-life  of  UC  is  5730  y.  so  our  calculated  t is  more  than  two  half-lives,  so  the  fraction 
remaining  is  less  than  (j|'  = J. 

Ideytifv:  The  tritium  (H-3)  decays  to  He-3.  The  ratio  of  the  number  ol  He-3  atoms  to  H-3  atoms  allows  us  to 
calculate  the  time  since  the  decay  began,  which  is  when  the  H-3  was  (corned  by  the  nuclear  explosion.  Ibe  H-3 
decay  is  exponential. 

SET  Up:  Ibe  number  of  tritium  (H-3)  nuclei  decreases  exponentially  as  N„  = iV1Jge‘" . with  a half-life  of 
12.3  years.  Ibe  amount  of  He-3  present  after  a time  / is  equal  to  the  original  amount  of  tritium  minus  tbe  number 
of  tritium  nuclei  that  are  still  undecayed  after  time  I. 

Execute:  Ibe  number  of  He-3  nuclei  after  time  ( is 

Nu.  =‘\M-Niar“  = N,a{\- e~*  ). 

Taking  Ibe  ratio  of  tbe  number  of  He-3  atoms  to  tbe  number  of  tritium  (H-3)  atoms  gives 

iV  i_,-* 
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to(l+iV„/^_)  hi  2 

Solving  for  t give*  / = — j . Using  the  given  nuicfcm  and  Tlfl  = — . have 

4=^=J!*  =0.0563/y.nd  tf=Mil±£)  .30^. 
rul  12  Jy  0.0563/, 

EVALUATE:  One  limitation  on  this  me  (hod  would  be  that  after  man,  years  (he  ratio  of  H (o  He  would  be  too 
small  (o  measure  accurately. 

43.73.  (a)  Identify  aoJ  Set  UP:  Use  Eq.<43. 1 ) to  cakulate  the  radius  R of  a 'll  nutleus.  Calculate  the  Coulomb 
potential  energy  (Eq.23.9)  of  (he  two  nuclei  when  the,  Jus*  touch. 

Execute:  He  radius  of  *H  is  R = (12xl0"''  mX2)1’1  =1.51x10*“  m.  The  barrier  energy  is  the  Coulomb 
potential  energy  of  two  Jll  nuclei  with  (heir  centers  separated  b,  twice  this  distance: 

U = ——  = (8.988x10*  N • m2/C2)(1  602x10  ,U*  = 7.64 x 10"14  J = 0.48 MeV 
4f^  r 2(1.51x10  m) 

(b)  IDENTIFY  and  SET  Up;  Find  the  energy  equivalent  of  the  mass  decrease. 

Execute:  jH  + fH-yjHe+^n 

If  we  use  neutral  atom  masses  (here  are  two  electrons  on  each  side  of  (he  reaction  equation,  so  their  masses  cancel. 
The  neutral  atom  masses  are  given  in  Table  432. 

?H*fHhss  mass  2<2.014 102  u)  = 4.028204  u 

jHe  + Jnhasmm  3.01 6029  u * 1 .008665  u = 4.024694  u 

The  mass  decrease  is  4.028204  u - 4.024694  u = 3.5 10x10"’  u.  This  corresponds  to  a liberated  energy  of 
(3-510x10"*  UX931.5 MeV/o)  =3.270  MeV.  a (3270x10*  eVMl. 602x10*"  J/eV)  =5.239x10""  J. 

(c)  iDEVnrY  and  SET  Up:  We  know  the  eoerg,  released  when  two  J H nuclei  fuse,  find  (he  number  of  reactions 
obtained  with  one  mole  of  ,‘H. 

Execute:  Each  reaction  takes  two  ,‘H  nuclei.  Each  nxile  of  D,  has  6.022x10''  molecules,  so  6.022x10°  pairs 
of  atoms.  The  energy  liberated  when  one  mole  of  deuterium  undergoes  fusion  is  (6.022  Xl0°X5239xI0"u  J)  = 
3.155x10"  J/mol. 

Evaluate:  The  energy  liberated  per  mole  is  mote  than  a million  times  larger  than  from  chemical  combustion  of 
one  mole  of  hydrogen  gas. 

43.74.  In  terms  of  the  number  N of  cesium  atoms  that  decay  in  one  week  and  the  mass 
m = 1.0kg  the  equivalent  dose  is 

3.5 Sv  = — ((RBE)  E +(RBE),E,)  = — ((l)(0.66MeV)+(l.S)(0.51  MeV»=_(2.283xl0'‘‘  JX  so 


W = 1.535x10".  The  number  Nc  of  atoms  present  is  related  to 

N by  N.  = NS'.  X = — 0 693  = 7.30x10"”  sec"' . 

9 Tyz  (30.07  yr)(3.1S6xl(K  sec  >t) 

Then  iV,  = ^ = (i.535xlO! = 1.536x10°. 

(.1  a.  ' ...  ..  « _ M - VW 


43.75.  (i  vm=v 


m + Af 


m —y  — y — v . ro 

m + Af  m + Af 


m + Af 


1 „ lu,  1 inW1  , 1 Mm‘  , 1 M { m\1 
K = -«v‘  ♦ -J#vJ  = — t"  = -r-. 7T71 : 


2 (m*M)‘  2(m  + M>-  2(m  + *f)'  m*if  m~M 


jr=— fiw  z>  K'  - — — — A'  - . 

m + M\  2 f m + M 

(b)  for  an  endoergic  reaction  A'_,  = -Q(Q  < 0)  at  thrediokl.  Putting  this  into  part  (a)  gives 

M * Si 
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K_.  where  K_  is  the  rangy  that  the  (r-psrticle  wouki  have  11  the  nucleus  were  infinitely  massive. 


Then.  M=H0'-Mm-K_  = S1„  - Mfl - i?|(2.76 MeV/c* ) = 181 .9482 1 u . 

A-.  = «(“U)-M(S>X«)-M(-Sr)  — m. 

Am  = 235.043923  u - 139.921636  u -93.915360  u - 1 .008665  u = 0.1983  u 
:=■  £ = (Am)ci  = (0.1983  u)(931.5  McV/u)  = 185  MeV. 

(a)  A lea>l-»|uares  fit  of  the  log  of  Ibe  activity  vx  time  Ik  the  times  later  than  4.0  h gives  a fit  with  cceielatiic 

-(l  - 2x10* ) and  decay  constant  ol  0.361  h*1.  corresponding  ki  a halt-life  ol  1.92  h.  Extnpotoling  this  back  to  time  0 

gives  a contribution  to  the  rale  ol  about  2500V  Ice  this  longer- lived  species.  A lea't-squsev  fit  ol  the  log  ol  the  «hvity 
vi.  time  Ice  tines  earlier  than  2.0  h gives  a fit  with  correlation  = 0.994.  indicating  the  presence  ol  ceily  two  specie*. 

<b)  By  trial  and  error,  the  data  is  fit  by  a decay  rate  nxxlelcd  by  R = (5000  Bq)e*"in“l  + (2500  Bq)r^"“w.  This 
would  correspond  to  hall-lives  ol  0.400  h and  1 .92  h. 

(c)  In  this  model,  there  are  1 .04x10'  ol  the  sheerer -lived  species  and  2.49x10'  ol  the  longer-lived  species. 

(d)  Alter  5.0  h.  there  would  be  1 .80x10’ of  the  shorter-lived  species  and  4.10x10“  ol  the  kinger-Uved  species. 

(a)  There  are  two  processes  occurring:  the  creation  ol  lal  by  the  neutron  irradiation,  and  the  decay  ol  the  newly 

dN 

produced  ,MI.  So  — = K - ?.S  when:  K it  the  rale  of  production  by  Ibe  neutron  UTadialico.  Then 


Jo  K-M 
Figure  43.79. 

(b)  The  activity  ol  the  sample  u IS  (i ) = K ( 1 - e' ' ) = ( 1 .5 X 1 0*  decay*/* )x . 1 - * 


So  tbe  activity  ix 


1 1.5x10*  (lecayx/s)(l 


at  vanoux  tunes  is: 


(f  = l min)  =4.1x10*  Bq: 


(t  = 10  nan)  = 3.6x  105  Bq 


(f  = 25 nun)  = 7.5 XlO5  Bq; 


(f  =50 min)  =1.1x10*  Bq; 


(f  = 75  min)  = 13x10*  Bq; 


(f=180min)  = l^Xl(f5Bq; 


K (1.5x10*)  (60) 


(d)  The  maximum  activity  is  at  saturation,  when  tbe  rate  being  produced  equal*  that  decaying  and 
1.5x10*  decays/*. 

N jitifcr  c€  uutci 


<irn* rrr — — — — — — — — ; — Tin*  iminifVs) 

200  4(10  «M)  8X0  100  120  140  160  180  2CK* 

Figure  43.79 

The  activity  of  tbe  original  iron,  after  1(X)0  hours  of  operation,  would  be 

(9.4 x 10"4 Q) <3.7 X lO”  Bq/Ci)2M,t*k)<45AOU4)  = 1.8306x10s  Bq.  Tbe  activity  of  the  oil  is  84  Bq.  or 
4.5886X10"4  of  tbe  total  iron  activity,  and  this  mu* l be  the  fraction  of  the  mass  worn,  o*  miss  of  4.59x1  (T2  g 
Tbe  rale  at  which  the  piston  ring*  lost  their  mass  is  then  4.59x  10"5  g/h. 
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(a)  IDENTIFY  aixl  Srr  IP:  Use  Eq.(37.36)  to  calculi ft  the  kinetic  energy  A' 


CXECUTI:  K =mc2| 


-1  =0.1547«ca 


m =9.109x10'"  kg.  ioK  =1.27x10*“  I 

(b>  IDE-YIWV  anil  Ski  Ip:  TV  total  energy  ol  the  particles  equals  the  sura  of  the  energies  ol  the  two  photons. 

Li  Dear  momentum  must  also  be  conserved. 

EXECUTE:  The  total  energy  of  each  electron  or  positron  Is  £ = K * me1  = 1.1547™-'  = 9.46 X 10*"  J.  The  total 
energy  at  the  electron  arxl  positron  is  converted  into  the  total  energy  of  the  two  photons.  The  Initial  momentum  of 
the  system  in  the  lab  frame  is  zero  (since  the  equal-mass  particles  have  equal  speeds  in  opposite  directions),  so  the 
final  momentum  must  also  be  zero.  The  photons  must  have  equal  wavelengths  and  must  be  traveling  in  opposite 
directions.  Equal  A means  equal  energy,  so  each  photon  has  energy  9.46x  10*“  J. 

(c)  iDEVnrv  and  SET  Up:  Use  Eq.  (38.2)  to  relate  the  photon  energy  to  the  photon  wavelength. 

EXECUTE:  E = hctA  so  A = he! E = hc/(9.46x  10*"  I)  = 2. 10  pm 

EVALUATE:  The  wavelength  cakulaled  in  Example  44. 1 is  2.43  pm.  When  the  particles  also  have  kinetic  energy, 
the  eneigy  of  each  photon  is  greater,  so  its  wavelength  is  less. 

The  total  energy  of  the  positron  is 

E = AT  *™'  =5.00  MeV  *0.51 1 MeV  = 5.51  MeV. 

We  can  calculate  the  speed  of  the  positron  from  Eq.(37.38): 

IDEXIWV  and  SET  UP:  By  momentum  conservation  the  two  photons  must  have  equal  and  opposite  momenta. 
Then  E = pc  says  the  photons  must  have  equal  energies.  Their  total  energy  must  equal  the  rest  mass  energy 

E = me*  of  the  psoo.  Once  we  have  foutxl  the  photon  energy  we  can  use  E-hf  to  calculate  the  photon  frequency 
and  use  A = cl  f to  calculate  the  wavelength. 

Execute:  The  mass  of  the  pwo  is  270m,.  so  the  rest  energy  of  the  psoo  is  270(0.51 1 MeV)  = 138  MeV.  Each 
photon  has  half  this  energy,  or  69  MeV.  E = Hf  so  / = ■£  = — -».7x»0»  Hz 

. c 2.998x1 


A = l = 


= 1.8x10"  m = 18  tm. 


Evaluate:  'Hick  photons  arc  in  ibe  gamma  ray  pari  of  ihe  electromagnetic  spectrum. 

(a)  Tbe  energy  will  be  the  pculun  rest  ecxrgy.  938.3  MeV,  corresponding  to  a frequency  of  2-27xl0a  Hz  and  a 
wavelength  of  1.32xlO“15  m. 

(b>The  energy  of  exh  pfcoton  will  be  938.3  MeV +830  .MeV  = 1768  MeV.  with  frequency  42.8X1012  Hz  and 
wavelength  7.02xl0~um. 

(a)  Am  = mr. = 270  m.  - 207  m,  = 63  m.  =>  £ = 63(05 1 1 MeV)  = 32  MeV. 

(b)  A positive  moon  has  lea  maw  than  a positive  pioo.  so  if  th*  decay  from  muon  to  pion  was  to  happm.  wu 
could  always  find  a frame  where  energy  was  not  conserved.  This  cannot  occur. 


44-1 
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44.6.  (a)  2 = — = -^£-  = — = (6-626  x HI  ‘Is) = 1.17x10*“  m = 0.0117pm 

£ me1  m e <207)(9.11xlCr”  kg)(3.COxl<P  m.s) 

In  this  cate.  Ibr  muons  are  created  a!  ret)  (no  kinetic  energy). 

(b>  Shinier  wavelengths  wvxild  inean  hazier  photiei  energy,  and  Ibe  milieu  would  be  created  with  non-zero  kinetic  energy. 

44.7.  IDENTIFY:  Hie  energy  released  comer  from  the  man  dillererxc 
SET  Up;  Ibe  mars  dillereuce  Is  the  inxial  mars  minus  Ibe  Krul  mars. 

A m- 

Execute:  L'nng  the  masses  from  Table  442.  we  har  e 

A m=m>/  =(105.7  MeV/c')-<0.51 1 MeV/c')-<0.51 1 MeV/c*)  = 105  MeV/c* 

Multiplying  there  masser  by  f1  giver  E = 105  MeV. 

Evaluate:  This  energy  is  observed  as  kinetic  energy  of  the  electric  and  positron. 

44.8.  1DE.VTIFY  and  SET  UP;  Calculate  the  mars  change  in  each  reaction,  using  the  atomic  masses  in  Table  442.  A 
mass  change  of  1 u is  equivalent  to  an  energy  of  93 1 .5  MeV. 

Execute:  (a)and(b)Eq.(44.1):  jHe  + jBe-t'JC  + Jn 

AM  = n(,He)+m(,Be)-[m(uC)  + i»i('n)j 

AM  =4.00260  u + 9.01218  u -12.00CO0  u- 1.00866  u -0.00612  u 

The  mass  decreases  and  the  energy  liberated  is  5.70  MeV.  The  reaction  is  eioergic. 

Eq<442):  > + »B -4 ’,U  + ^He 

AM  =m('n)  + m(”B)-[«n(,U)  + m(‘He)j 

AM  = 1.00866  u + 10.01 294  u - 7.01 600  u - 4.00260  u = 0.00300  u 

The  mass  decreases  and  the  energy  liberated  is  2.79  MeV.  The  reaction  is  eioergic. 

(c)  The  reactants  m the  reactions  of  Eq.(44. 1 ) have  positive  nuclear  charges  and  a threshold  kinetic  energy  is 
required  for  the  reactants  to  overcome  their  Coulomb  repulsion  and  get  close  enough  for  the  reaction  to  occur.  The 
neutron  in  Eq.(44.2)  is  neutral  so  there  is  no  Coulomb  repulsion  and  no  threshold  energy  for  this  reaction. 

44.9.  IDE-VIWY:  The  antimatter  annihilates  with  an  equal  amount  of  matter. 

SET  Up:  Ibe  energy  o!  the  matter  is  £ = (Amlc*. 

Execute:  Putting  in  the  cumbers  gives 

E = (Am*1  = (400  kg  * 400  kg^-OOxlO*  mfsf  =72x10"  J. 

This  is  about  70%  ol  the  annual  energy  use  in  the  U.S. 

EVALUATE:  1 f this  huge  amount  of  energy  were  released  suddenly,  it  would  blow  up  the  Enterprise ! Getting 
useable  energy  from  matter-antimatter  anmhiliation  is  not  so  easy  to  do! 

44.10.  Ideytify:  With  a stationary  target,  only  part  of  the  initial  kinetic  energy  of  the  moving  electron  is  available. 
Momentum  conservation  tells  us  that  there  must  be  nonzero  momentum  alter  the  collision,  which  means  that  there 
must  also  be  left  over  kinetic  energy.  Therefore  not  all  of  the  initial  energy  is  available. 

SET  Up:  The  available  energy  is  given  by  £*  = 2mc'  ( £.  + me1 ) fee  two  particles  of  equal  mass  when  one  is 
initially  stationary.  In  this  case.  Ibe  initial  kinetic  energy  (20.0  GeV  = 20.000  MeV)  is  much  more  than  the  rest 
energy  of  the  electron  (0.51 1 MeV).  so  the  formula  for  available  energy  reduces  to  £ = >2mc1fF. 

Execute:  (a)  Using  the  formula  lor  available  energy  gives 

E,  = s'2mc*E„  = N'2(051 1 Me\'X20.0  GeV)  = 143  MeV 

<b>  lor  colliding  beams  of  equal  mass,  each  particle  has  haU  the  available  energy,  so  each  has  71 .5  MeV.  The  total 
energy  is  twice  this,  or  143  MeV. 

EVALUATE:  Colliding  beams  provide  considerably  mere  available  energy  to  tk>  experiments  thin  iki  beams 
hitting  a statiooay  target  With  a stationary  electron  target  in  part  (a),  we  had  to  give  the  moving  electron 
20.0CK)  MeV  of  energy  to  get  the  same  available  energy  that  we  got  with  only  143  MeV  of  energy  with  Ibe 
colliding  beams. 

44.11.  (a)  IDENTIFY  and  SET  UP:  Eq.  (44.7)  says  a>=|?|£/m  so  B = trual\f\.  And  since  <0  = 2*/.  this  becomes 

Execute:  a deulerua  b a deuterium  nucleus  ( Jh).  Its  charge  is  q = +e.  Its  mass  is  the  mass  of  the  neutral  ]H 
atom  (Table  43.2)  minus  the  mass  of  the  <xx  atomic  election: 

m = 2.014102  u -0.0005486  u = 2.013553  u(1.66QS4  x IT®  k$/lu)  = 3344  x 1(T*  kg 
_ 2*(3.344xl0-*  kgX9.00xlO‘  Hz) 

[7J  1.602xl(r"  C 
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(b)Bq.<44«:  A' = 


q'B'R'  10.602x10-"  CXUSTXOJMm)!1 


2 m 2(3.344X10^  kg) 

K =5.471x10-"  I =(5.471x10""  JM1  eV/1.602xKr'‘  0 = 3.42  MeV 


EVALUATE:  v/c  = 0.06.  *o  il  i>  ok  lo  u*e  Ux  nanieLuivinic  ejpresuon  (or  kinetic  energy. 

44.12.  (a)  2/  = ? = 1^  = 3.97x10’/*. 

<b>  *tf  = — = 3.12x10’  mfc 

(c)  For  three- figure  precision,  the  relativistic  (otm  a I the  kinetic  energy  ram*  be  used. 

eV  =( y-1  ("*■■'.  so eV  =( y-1  so V = ;' ~ 1 'm'  =5.11x10*  V. 

e 

44.13.  (a)  IDENTIFY  <uxl  SET  UP:  The  masses  o(  the  target  and  projectile  patlcie*  are  equal,  vo  Eq.  (44.10)  can  be  used. 
E‘  = 2 mc‘(E^  + me1).  £_  is  specified;  solve  for  the  energy  Em  of  the  beam  particles. 

ft 

Execute:  Em  = ~ 

The  mass  for  the  alpha  particle  can  be  calculated  by  subtracting  l»o  electron  masses  from  the  * He  atomic  mass: 
m = ma=  4.002603  u - 2(0.0)05486  u)  = 4.001506  u 
Then  me'  = (4.001505  uX93 1 .5  MeWu)  = 3.727  OeV. 

£.  = J^-me'  = - -3.727  OeV  = 30.6  CieV. 

" 2^r  2(3.727  OeV) 

<b(  Each  beam  must  have  =8.0  OeV. 

EVALUATE:  Fox  a stationary  target  the  beam  energy*  is  nearly  twice  the  available  energy.  In  a colliding  beam 
experiment  all  the  energy  is  available  and  each  beam  needs  lo  have  Just  half  the  required  available  energy. 

44.14.  (a)  y=  — = 1065.8.  so  v = 0.999999559c. 

' 938.3  MeV 

<b) NonrelaUvistic:  o>=—=  3.83x10*  rad/s. 


rfi  : 


Relativistic:  a»=— 1 = 3.59x10’ rad/s. 


44.15.  <a)  IDENTIFY  aixl  SET  UP:  H>r  a proton  beam  on  a stationary  proton  target  and  since  £,  is  moth  larger  than  the 

proton  rest  energy  we  can  use  Eq.(44.1 1):  = 2mc1Em. 

Execute:  E.=  — L=  l7,'4G'%r  =3200  OeV 
2mci  2(0.938  OeV) 

<b>  Identity  and  SET  Hr:  For  colliding  beams  the  total  momentum  is  zero  and  the  available  energy  £,  is  the 
total  energy  for  the  two  colliding  particles. 

Execute:  Fee  proton- proton  collisions  the  colliding  beams  each  have  the  same  energy,  so  the  total  energy  of 
each  beam  is  ^£4  = 38.7  OeV. 

EVALUATE:  For  a stationary  target  less  than  3%  of  the  beam  energy  is  available  for  conversion  into  mass.  The 
beam  energy  for  a colliding  beam  experiment  is  a factor  of  (1/83)  times  smaller  than  the  required  energy  for  a 
stationary  target  experiment. 

44.16.  lDE>mFY:  Only  part  of  the  initial  kinetic  energy  of  the  moving  electron  is  available.  Momentum  conservation 
tells  us  lint  there  must  be  nonzero  momentum  af  ter  the  collision,  which  means  that  there  must  also  be  left  over 
kinetic  energy. 

SET  Up:  To  create  the  /£.  the  minimum  available  energy  roust  be  equal  to  the  rest  mass  energy  of  the  products, 
which  in  this  case  is  the  rf  plus  two  protons.  In  a collider,  all  of  the  initial  energy  is  available,  so  the  beam  energy 
is  the  available  energy. 

Execute:  The  minimum  amount  of  available  energy  must  be  rest  mass  energy 

£ = 2m  +m  = 2(938.3  MeV)  ♦ 547.3  MeV  = 2420  MeV 
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44.17. 

44.18. 


44.19. 

44.20. 

44.21. 

44.22. 

44.23. 


Each  incident  poo  tun  has  hall  of  the  rest  mass  energy.  or  1210  MeV  = 1.21  GeV. 

EVALUATE:  As  we  taw  in  problem  44.10.  we  would  need  much  mote  initial  energy  il  ooe  of  the  initial  protom 
were  statioauy.  The  re  Milt  here  (1.21  GeV)  b the  minimum  amount  of  energy  needed:  the  original  poo  to  ns  could 
have  mote  energy  and  bill  trigger  this  reaction. 

Section  44.3  says  m(7?)  = 9\.2QtV i<* . 

£ = 91.2x10*  eV  = 1.461x10”*  J:  nt  = E,'c' = 1.63x1  O'*  kg;  m(Z,)/m(p)  = 97.2 


(a)  We  shall  assume  that  the  kinetic  energy  of  the  A®  it  negligible.  In  that  cate  we 
can  set  the  value  of  the  photons  eoeegy  equal  to  Q. 

0 = (1 193  - 1 1 16)  MeV  = 77  MeV  = E[V_, . 


<b)  The  momentum  ol  this  photon  is 


(77x10®  eV)(  1.60x10""  J eV) 
O.OOxlO1  ml) 


= 4.1X10'“  kgm/s 


To  justify  our  original  assumption,  we  can  calculate  the  kinetic  energy  ol  a A°  that  has  this  value  of  momentum 


p'_  £:  _ (77  MeV)' 
2m  2mc‘  _ 2(1 1 16  MeV) 


= 2.7  MeV  « Q = 77  MeV. 


Thus,  we  can  ignore  the  momentum  ol  the  A°  without  introducing  a large  error. 
lDE.vnrv  and  SET  Up:  Find  the  energy  equivalent  of  the  mass  decrease. 

Execute:  The  mass  decrease  is  m(l*)  - m<p)  - mW°)  and  the  energy  released  is 
"w'(V*)-mf'(p)-/K1(»r')  = 1189  MeV -938.3  MeV -135.0  MeV  = 1 16  MeV. (The  me'  values  for  each 
particle  were  taken  from  Table  44.3.) 

EVALUATE:  The  mass  of  the  decay  products  is  less  than  the  mass  of  the  original  particle,  so  the  decay  is 
energetically  allowed  and  energy  is  released. 

lDE.vnrv:  If  the  initial  and  fmal  rest  mass  energies  were  equal,  there  woukl  be  no  left  over  energy  for  kinetic 
energy.  Therelote  the  kinetic  energy  of  the  products  is  the  difference  between  the  mass  energy  ol  the  initial 
particles  and  the  final  particles. 

SET  Up:  The  dillerence  in  mass  is  dm  = Ma  -mA.  - m,. . 

EXECUTE:  Using  Table  44.3.  the  energy  difference  is 

£ = (dmjc*  = 1672  MeV  - 1 1 16  MeV  - 494  MeV  = 62  MeV 


Evaluate:  There  is  lets  rest  mass  energy  aller  the  reaclioo  than  before  because  62  MeV  ol  the  initial  energy 
was  converted  to  kinetic  energy  of  the  products. 

Conservation  ol  leptoo  number. 

(a)  t/~  -*e'  + v,  *vK  £,:+!*  -1.  f»:  0*+l+l.  so  lepton  numbers  are  not  conserved. 


<b)  r'  -»  e'  ♦ r ♦ v — L :0=*1-1;  £ :+l  = +l,  so  lepton  numbers  are  conserved. 

(e)  s'  ->  e*  *y.  Lepton  numbers  are  not  conserved  since  just  one  lepton  is  produced  Irora  zero  original  leptons. 

(d)  n -»  p * e~  ♦ y#  £ : 0 = +1  - 1.  so  the  lepton  numbers  are  conserved. 

IDENTITY  and  SET  Up:  p and  n have  baryon  number  *1  and  p has  baryun  number  -1 . e*.  e'  . V,  and  J all 
have  baryon  number  zero.  Baryon  number  is  conserved  if  the  total  baryoo  number  of  the  products  equals  the  total 
baryon  number  of  the  reactants. 

Execute:  (a)  reactants:  6 = 1*1  =2  . Prodtxts:  8 = 1*0  = 1.  Not  conserved. 

(b) reactants:  6 = 1 + 1 = 2 . Products:  £ = 0*0  = 0.  Not  conserved. 

(e)  reactants:  8 =+l.  Products:  6 = l + 0+0  = *l.  Conserved. 

(d) reactants:  fl  = l-l  = 0.  Products:  8 = 0.  Conserved. 

IDENTITY  and  SET  Up:  Compare  the  sum  of  the  strangeness  quantum  numbers  for  the  particles  on  each  side  of 
the  decay  equation.  The  strangeness  quantum  numbers  for  each  particle  are  given  Table  44.3. 

Execute:  (a) K*  -»//'  +»•,;  =+L  5_  =0.  =0 

5 = 1 initially;  5=0  for  the  products;  5 is  not  conserved 
<b>  n*K'-»p*«*;  5,=0.  5^  =*L  5,  = 0.  5^=0 
5 = 1 initially;  5=0  for  the  products;  5 is  not  conserved 
<c)  K*  + K'  *T°;  5C.  =+L  5^.  =-l;  5^  =0 
S = +1-1  = 0 initially;  5=0  for  the  products;  5 is  conserved 
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<d>  p + K'-tA0*®*;  5,  =0.5,..  =-lSA.  =-1.5,,  =0. 

S = -l  initially;  S =-l  for  Ik*  products.  5 is  conserved 

EVALUATE:  Slrsngeoess  is  not  a conserved  qinobfy  in  \%eak  intcracliom  and  strangeness  Doo-conscrving 
reactions  or  decays  can  occur. 

44.24.  <a)  Using  the  values  o!  the  constants  from  Appendix  F. 

— — = 7.29660475  xHT5  = ! . or  1:137  to  three  ligurc*. 

AfUjc  137.050044 


44.25. 

44.26. 


(b)  From  Section  38 5.  v.  = . But  notice  this  is  just  — 

2 <Ji  AK(J\c 


c . as  claimed. 


= |,  m)  . =1  and.hu.  £ 

(J  ’»“  > ) 


is  dimensiunle*..  (Recall  ha.  unit,  of  energy  time,  da.tance.1 


(a)  TV  diagram  ii  given  in  Figure  4426.  The  U"  panicle  ha.  Q = - 1 (ai  it.  label  .uggevt.)  and  5 = -3.  lit 
appeal,  as  a "hole'in  an  otherwise  tegulai  lattice  in  tbe  S-Q  plane.  The  mass  dillerence  between  esrh  5 row  u 


around  145  MeV  (or  *o).  Thi.  pula  tbe  IF  ma»»  at  about  the  right  ipot.  A.  it  turai  out.  all  tbe  other  particlei  on 
thi.  lattice  had  been  dl  covered  already  and  it  was  this  •'hole"  and  mass  regularity  that  led  to  an  accurate  prediction 
of  the  properties  of  the  il ! 
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Figure  44.26 

44.27.  IDE-Vnr*  and  SET  UP:  Each  value  for  tbe  combination  i.  the  .urn  ol  tbe  value,  lor  each  quart.  U*e  Table  44.4. 
Execvte:  (a)  uds 
G='c-^-ie  = 0 

«=W  + i = > 

5=0*0-l=-l 

c=o*o*o=o 

(b)  rS 

The  value,  for  5 are  the  negative  lor  thorc  foe  u. 

Q=i'-i'= o 

fl=i-i=o 
S = 0*0  = 0 
C=+l+0=+l 

(c)  ddd 

Q=~\t~\r~\r=~T 

fl=i+i+i=+l 
s=o*o+o=o 
c=o*-o*o=o 
<d)  dc 

fl=i-i=0 
5 =0*0=0 
C = 0-1  = -l 

EVALUATE:  The  charge,  baryoo  number,  .strangeness  and  chann  quantum  number,  ol  a panicle  are  determined 
by  the  particle',  quart  composition 
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44.28.  (m, -2m,  >c!  =(9460  MeV  -2(1777  MeV))  = 5906  MeV  (we  Section.  44.3  and  44.4  (or  masses). 

44.29.  (a)  TV  anlipanicle  must  consist  of  the  anliipiarks  so  5 = iidJ. 

<b»  So  n = udd  is  not  its  own  antiparticle. 

(c)  i»=cr*o(7=R=w»olhe  y is  its  own  antipaticle. 

44.30.  (a)  S = 1 indicates  the  pretence  of  ini  r anliquark  and  do  « quark.  To  have  baryon  number  0 there  can  be  only 
one  other  quark,  and  to  have  net  charge  +c  that  quark  must  be  a u.  and  the  quark  content  is  nr. 

<b>  The  particle  has  an  T antiquark,  and  foe  a baryvo  number  of -1  the  particle  must  consist  of  three  antiquarks. 
For  a net  charge  of  -t.  the  quark  content  must  b cddr. 

(c)  S = -2  means  that  there  are  two  » quarks,  and  foe  baryon  number  1 there  must  be  one  more  quark.  Foe  a charge 
of  0 the  third  quirk  must  be  a n quark  and  the  quark  content  is  mi. 

44.31.  IDENTIFY:  A proton  is  made  up  of  ttud  quarks  and  a neutron  consists  of  udd  quarks. 

SET  Up:  If  a [«oton  decays  by  ff  decay,  we  have  p -*  e*  + n + v.  (both  charge  and  lepteo  number  are 
conserved). 

Evaluate:  Since  a proton  consists  o!  uud  quarks  and  a neutron  ts  udd  quarks,  it  follows  that  in  decay  a u 
quark  changes  to  a if  quark. 

44.32.  (a)  Using  the  definition  of  ; from  Example  44.9  we  have  that 

,+l=,+«4>4 


44.33. 


4*4*35. 


44.36. 


Now  wo  \i%c  Eq.(44.13)  lo  obtain  1 + z = 


c — 


}\  + v/c  _ |l  + /f 
l-v/c  V 1- ^ 


(b) Solving  the  above  equation  fur  fi  wo  obtain /?=  + - \ — 1 = | ^ =0-3846. 


Thus.  v = 0.3846  0 = 1.15x10*  m/%. 

(c)  We  can  use  Eq.(44.15)  lo  tind  the  distance  to  the  given  galaxy. 

v (M5X101  mi) 

~ /77~(7.1xl04(xn  s)Mpc) 
(a)  IDENTIFY  aal  SET  LT»:  Use  Eq.<44. 14)  U>  calculate  v. 


= 1.6x10*  Mpc 


<W-> 

(658.5  oxa/590  tun)1  -1 

<V4>*  + 1 

(658.5  nnV590mn)‘  + l 

Execvte:  v= 


v = (0. 1094X2.998 X 10*  mf%)  = 12&X107  nV* 

(b)  Identify  and  SET  Up:  Use  Eq.(44.15)  to  calculate  r. 
v 328x10* 

// 


c = 0.l0Wc 


Execute:  r = — = 


= 1510  Mlv 


4*4.34.  rtoiD 


(71  (km'syMpcXl  Mpc/3.26  Mly) 

EVALUATE:  The  red  shift  A%-\  fox  this  galaxy  is  0.1 16.  h is  there  fore  about  twice  as  far  from  earth 
galaxy  in  Examples  44.9  aol  44.10.  that  had  a red  shift  of  0.053. 


H0  20(km  s)  Mly 

(b)  Thu  distance  represents  looking  buck  in  time  so  far  that  the  light  has  not  been  able  to  reach  us. 

(a)  IDENTIFY  ami  SET  UP:  Hubble's  law  is  Eq.(4U5).  with  //,  =71  (kmWIMpc).  1 Mpc  = 3.26  Mly. 

Execute:  r = 5210  Mly  so  v = = ((71  km's)Mpc)(l  Mpc/326  MlyK5210  Mly)  = 1.1x10*  km/s 

(b)  IDENTIFY  and  SET  UP  Use  v from  part  (a)  in  Eq.  (44. 1 3). 


Execute:  -£-  = 

v_  1.1x10*  mfs 

c_  2.9980x10*  mi's 


c + v 
c — v 


+ v/c 
l-v/c 


= 0.367  vt  — = 


1 '1  + 0.367 


= 15 


\ 1-0.367 

EVALUATE:  The  galaxy  in  Examples  44.9  and  44.10  is  710  Mly  away  so  has  a smaller  recession  speed  and 
redshift  than  the  galaxy  in  this  problem. 

IDENTIFY  and  SET  Up  di„  = 1 .67  X lo-*1  kg  . The  ideal  gas  law  says  pV  = nRT.  Normal  pressure  is 
1.013x10*  Pa  and  normal  temperature  is  about  27  ‘C  = 3(0  K.  1 mole  is  6.02x10“ 


PWtide  Physics  and  Cosmology  44-7 


Execute: 


<b)  V = (4  m)(7  m)(3  m)  = 84  ml  and  (3.8  aloms/m,X84  m*)  = 320  alon» 

(c)  With  /?  = 1.013X105  Pa . V = 84  m* . T = 300  K the  icfcal  gas  Uw  giv«*  the  number  of  motes  lo  be 
H=pV=  11.013x10*  Pj)(84  m1)  = 34x|0.  ^ 

KT  (8.3145  J/tnol  KM300  K) 

(34x10*  mole*M6.02 x 10°  atoimAnol)  = 2.0x1  if  aim 

Evaluate:  The  average  density  ot  the  universe  a very  small.  Interstellar  space  contains  a very  small  number  of 
atoms  [«  cubic  meter.  compared  to  the  number  ol  atoms  per  cubtt  tnettr  in  urdinary  material  on  the  earth,  such  as  air. 

44.37.  iDEVnrv  and  SET  UP:  Find  the  energy  equivalent  of  the  masi  decrease. 

Execute:  (■>  p ♦ !,H  -»  jHe  or  can  write  as  |H  ♦ {H  -*  jHe 

If  neutral  atom  massei  are  uied  then  the  mutes  of  the  two  atomic  electrons  on  each  «de  ol  the  rextion  will 
cancel. 

Taking  the  atomic  masses  Irora  Table  43.2.  the  mats  decrease  is  m(|H)  + m({H)-m(|He)  = 1.007825u  + 
2.014102  u-3.016029  u = O.OOS898  u.  The  energy  released  is  the  energy  equivalent  ol  this  tout  decrease: 
(0.005898  UX931.5  MeVAl)  = 5.494  MeV 
(b)  Jn+jHe— * jHe 

If  neutral  helium  matsei  are  uied  then  the  masses  of  the  two  atomic  elections  cm  each  sale  ol  the  reaction  equation 
will  cancel.  The  mass  decrease  is  m(Jn)+m(iHe)-m(ilto)  = 1.00866S  u+  3.016029  u -4.002603  u = 

0.022091  u.  The  energy  released  is  the  energy  equivalent  ol  this  mass  decrease: 

<0.022091  uX93 1 J5  MeVAl)  = 20-58  MeV 

Evaluate:  These  are  important  nucleosynthesis  reactions,  discussed  in  Section  44.7. 

44.38.  3 mC  He)  - m(“C)  = 7.80X  10J  u.  «x  7.27  MeV. 


44.39.  Am  = ««,  *m, -m,  -m,  so  assuming  m,  «0. 

Am  = 0.COO5486  u + 1 .007276  u - 1 .008665  u = -8.40x10"*  u 

=>  £ = <A«n)cJ  = (-8.40X  10"4  u«93 1 .5  Me  V,U)  = -0.783  MeV  and  is  endoergic. 

44.40.  m„c  ♦m.lii  -m,Q  = 7.69xl0"’u.  ix  7.16  MeV.  an  exocrgic  reactioo. 

44.41.  IDEVTITT  and  SET  Up:  The  Wien  displacement  law  (Eq.38.30)  sys  A,T  equals  a constant  Use  this  to  relate 

at7,  lo^j  atr,. 

Execute: 

= 1 =1.062xl0",mjiZ^;  = 966nm 

T,  1 3000  K 1 

EVALUATE:  The  peak  wavelength  »»  much  less  when  the  temperature  was  much  higher. 

44.42.  <a)  The  dimensions  of  f\  are  energy  times  lime,  the  dimensions  of  G are  energy  limes  time  per  mass  squared,  and 
so  the  dimensions  of  JhGf?  are 

(b,  f»f -( <6-626xl0~w  j »)(6.673xl0~“  N m*.  kg1)  [ * = ,.6|6x|0->s  m 
' 7^ ) 1 2c(3.00x  10*  ms)  ) 

44.43.  IDE-Vnr*  and  SET  UP:  For  colliding  beams  the  available  energy  is  twice  the  beam  energy.  lor  a fixed-target 
experiment  only  a portion  of  the  beam  energy  is  available  energy  (Eqs.44.9  and  44.10). 

Execute:  (a)  £,  = 2(7.0  TeV)  = 14.0  TeV 

<b)  Need  £.  =14.0  TeV  = 14.0x10*  MeV.  Since  the  target  and  projectile  particles  are  both  protons  Eq.  (44.10)  can 
be  used:  £*  = 2mc'(£.  *mc') 

£.  = -^T-mcJ  = ll4'011"  MtVr  -938.3  MeV  = 1.0xl0"  MeV  = 10x10’  TeV. 

2mc‘  2(938.3  MeV) 

Evaluate:  This  shows  the  great  advantage  of  colliding  beams  at  relativistic  energies. 
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44.44. 

44.45. 


44.46. 


44.47. 


44.48. 

44.49. 


K + m,c‘  = K = ^ -nt,c'  = 652  MeV. 

A A 

IDENTIFY  and  SET  UP:  Section  44.3  say*  the  strung  mtewtion  is  1(0  limes  as  strong  as  Ibe  electromagnetic 

inter  action  and  that  the  weak  httncti ioo  is  10"*  limes  as  ttftttg  as  Ibe  strong  interaction.  Ibe  Coukimb  force  is 

F = and  lb:  gravitational  force  is  F = C . 
r r 

^.Oxltf  N tal/C*XlMxUr"  o1 

(ixiff®  m)‘ 


EXECUTE:  (a)  F = 


=200N 


= (6.67<.(r"  N.m'jyqjf xitf*  ^ =2x|oM  N 
‘ IlxlO-1’  ra): 

(b)  Fm -100F -2X10*  N . F^  ■ 10* Fm  "2x10*  N 

(c)  Fm  > F,  > F_  > F 

(d)  F, -lxlO*F,.  F„ -1COF. -lxlO"F,  . F_  *10* F. -1x10s F, 

EVALUATE:  Ibe  gravity  force  ii  much  weaker  that  any  ol  Ibe  <rther  three  forces.  Oravily  i*  impcrrlaiu  only  when 
one  very  massive  object  a involved. 

In  Eq.(44.9).  £=<*!,.  *"ir)i'. and  with M ■=m>.m  = m and  £m=(m  1 cJ  + AT. 

A'  = ni93McV.I97.7MeVr-,139.6MeVr-,938  3MeVr  Me V = 9WMcV. 

2(938.3  MeV) 

iDEVnrY:  With  a stationary  target,  only  pari  of  the  initial  kinetic  energy  of  ihe  moving  proton  is  available. 
Momentum  conservation  tells  us  that  there  must  be  nonzero  momentum  after  (he  collision,  which  means  that  there 
must  also  be  left  over  kinetic  energy.  Therefore  not  all  ol  the  initial  energy  is  available. 

SET  Up:  Ibe  available  energy  is  given  by  £2  = 2mc2 1 Em  + me1 ) for  two  particles  of  equal  mass  when  ooe  is 
initially  stationary.  The  minimum  available  energy  must  be  equal  to  the  rest  mass  energies  of  the  products,  which  in 
this  case  is  two  protons,  a 1C  and  a K"  . The  available  energy  must  be  at  least  the  sum  of  the  final  rest  masses. 
EXECUTE:  Ibe  minimum  amount  of  available  eoergy  must  be 

£4  = 2m^  + m,.  ♦ m,  = 2(938.3  Me V)  ♦ 493.7  MeV  + 493.7  MeV  = 2864  Me V = 2.864  GcV 
Solving  the  available  eoergy  formula  for  £*  gives  £ 2 = 2mcllEm  + me2 1 and 


- 938.3  MeV  = 3432.6  MeV 


E - E‘  -i.^MMcV)1 
* 2m?  2(938.3  MeV) 

Recalling  that  is  the  total  eoergy  of  the  proton,  including  its  rest  mass  energy  (RMH),  we  have 
K = EM-  RME  = 3432.6  MeV  - 938.3  MeV  = 2494  MeV  = 2494  GeV 
Therefore  the  threshold  kinetic  energy  is  K = 2494  MeV  = 2.494  GeV. 

EVALUATE:  Considerably  less  eoergy  would  be  needed  if  the  experiment  were  done  using  colfading  beams  of 
protons. 

(a)  Tbe  decay  products  must  be  neutral,  so  the  only  possible  combinations  are  or 

(b)  - 3 rrij  = 142.3  Me  V/c2 . so  the  kinetic  eoergy  of  the  *°  mesons  is  142.3  MeV.  For  the  other  reunion. 

K =(m^  -CT.  -mg  >?  = 133.1  MeV. 

iDEVnry  and  SET  UP:  Apply  conservation  of  linear  momentum  to  the  collision  A photon  has  momentum 

p=h/A . in  Ibe  direction  it  is  traveling.  The  energy  of  a photon  is  £ = pc  = ^.  All  the  mass  of  the  electron  anJ 

positron  is  conv  erted  to  the  total  energy  of  the  two  photons,  according  to  £ = me2 . Tbe  mass  of  an  electron  and  of 
i positron  is  m4  =9.11x10““  kg 

EXECUTE:  (a)  In  the  lab  frame  the  initial  momentum  of  the  sy  stem  is  zero,  since  the  electron  and  positron  have 
equal  speeds  in  opposite  directions.  According  to  momentum  conservation,  the  final  momentum  of  the  system 
must  also  be  zero.  A photon  has  momentum,  so  the  momentum  of  a single  photon  is  not  zero. 

(b)  Fov  the  two  photons  to  have  zero  total  momentum  they  must  have  the  same  magnitude  of  nximentum  and  move 
in  ocnosite  directions.  Since  £=  pc . equal  p means  equal  £ 
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44.50. 

44.51. 


44.52. 

44.53. 

44.54. 


44.55. 


(c)  2E«  = 2m>c1  to  Etk=m.ci 


x m r 


6.63x10  J i 


(9.11x10'^  kgX3.O0xl0*  m's)  ' 


These  are  gamma  ray  photons. 

Evaluate:  The  total  charge  of  the  clectron/positron  system  is  zero  and  the  pfciXixis  have  do  charge,  so  charge  is 
conserved  in  Ibe  parbde-antiparUcle  annihilation. 

<a)  li  the  x~  decays,  it  must  cod  in  an  electron  and  neutrinos.  The  rest  energy  of  ft~  (139.6  MeV)  is  shared 
between  the  electron  rest  energy  (0.51 1 MeV)  and  kinebc  energy  (assuming  the  neutrino  masses  are  negligible).  So 
the  energy  released  is  139.6  MeV  - 0.51 1 MeV  = 139.1  MeV. 

(b)  Conservation  of  momentum  leads  to  the  neutrinos  earning  away  most  of  the  energy. 

<a)  The  buy  on  number  is  0.  the  ciurge  is  +e  . the  strangeness  is  1.  all  lepton  numbers  are  zero,  arxl  \he  purticfc  x<  AT*. 
<b>  The  baryon  rainier  ls  0.  the  charge  is  -e  . the  strangeness  is  0.  all  lepton  murker*  are  zero,  and  the  particle  is  fT . 

(c)  The  baryon  numbers  is  -1.  the  ch»ge  is  0.  the  strangeness  is  zero,  all  leplcn  mimbers  arc  0.  and  the  particle  is 
an  antineutron. 

<d>  The  baryon  number  is  0.  the  charge  is  +e  . the  strangeness  is  0.  the  muonic  lepton  number  is  -1.  all  other 
lepton  numbers  are  0.  and  the  particle  is  //*. 


If  = 7.6x1  O’21  s-r  A £ = — 
At 


i^l^  = U39x.0-|=87keV. 
7.6x10^'  * 


3097  MeV 


A E 0.087  MeV 
ft 

I £~ 


^.BxlO-5. 


(l^XlO-1*  J-») 
(44x10*  eVKl^XlCr1*  J/eV) 


= 1.5x10-*  s. 


iDEVnrv  and  SET  Up:  -*  K*  ♦ K".  The  total  energy  released  is  the  energy  equivalent  of  the  mats  decrease, 

(a) Execute:  The  mass  decrease  is  Di(d)-m(K*)-oi(K").  The  energy  equivalent  ol  the  mass  decrease  U 
mc‘(?)-mc‘(K')-mc‘lK~).  The  rest  masr  energy  me*  for  the  6 meson  is  given  in  Problem  44.53.  and  the 
values  for  K*and  K"  are  given  in  Table  443.  The  energy  released  then  is  1019.4  MeV  - 2(493.7  MeV)  = 


32.0  MeV.  The  K*  gets  half  this.  16.0  MeV. 

Evaluate:  <b)  Does  the  decay  d ->  K*  ♦ K'  + a‘  occur?  The  energy  equivalent  of  the  K*  + K"  + *°  mass  is 
493.7  MeV  * 493.7  MeV  + 135.0  MeV  = 1 122  MeV.  This  is  greater  than  the  energy  equivalent  of  the  d mass. 
The  mass  of  the  decay  products  would  be  greater  than  the  mass  of  the  parent  particle:  the  decay  is  energetically 
forbidden. 

(c)  Does  the  decay  d -t  K*  +ff"  occur';  The  reactioo  <*  -*  K*  * K"  is  observed.  K*  has  strangeness  *1  and  K" 
has  strangeness  -1.  so  Ibe  total  strangewss  of  the  decay  prodixts  is  zero.  If  strangeness  must  be  conserved  we 
deduce  that  the  6 particle  has  strangeness  zero.  *"  has  strangeness  0.  so  the  product  K*  ♦ has  strangeness 
-1.  The  decay  d -»  K*  * e~  violates  conservation  of  strangeness.  Does  the  decay  d -*  K*  *M~  occur’-’  U has 
strangeness  0.  so  this  decay  would  also  violate  conservation  of  strangeness. 

(a)  The  number  of  protons  in  a kilogram  is 

<■”*1 


No4e  that  only  the  protom  in  the  hydrogen  atom*  are  considered  as  possible  sources  ol  proton  decay.  The  energy 
per  decay  is  ny 2 = 938.3  MeV  = 1.503X  10““  J.  and  so  Ibe  energy  deposited  in  a Near,  per  kilogram,  is 

(6.7x10s3);  i - (ly)flA0xl0"w  J)  = 7.0xl0'2  Gy  = 0.70rjd 

<b)  For  an  RBH  of  unity,  Ibe  equivalent  dose  is  (1)  (0.70  rad)  = 0.70  rem. 

44.56.  IDENTIFY  and  SET  Up:  The  total  released  energy  is  the  equivalent  of  the  mass  decrease.  Use  conservation  ol' 
linear  momentum  to  relate  the  kinetic  energies  of  the  decay  particles. 

Execute:  (a)  The  energy  equivalent  of  the  mass  decrease  is 
iwc2(S')-w>c2(A#)-iic1(0  =1321  MeV-1116  MeV -139.6  McV  = 65  MeV 
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44.58. 


44.59. 


(b>  The  5'  is  at  rest  means  that  tbc  linear  momentum  is  zero.  Conservation  of  lixxar  momentum  then  says  that  the 
A0  mil  X~  roust  have  equal  and  opposite  momenta 


r . =it  .v  . 


' mA' 


Also,  tbc  sum  of  the  kinetic  energies  of  tbe  A°  and  tr  must  equal  the  total  kinclx*  energy  Aw  = 65  MeV 
calculated  in  part  (a): 

A«=A'  +A' 


*».+i»V-wi-=JC« 

U re  the  momentum  conservation  result 


l-v  ^ >W- 


A> +!  31  |(X.vi.  )=*:,. 


A,  = 


65  MeV 


= 7.2  MeV 


A l+mA4/mr  1 + 0116  MeVV(i39.6  MeV) 

Aa.  + A,.  = AM  so  Ar  = Aw  - Aa*  = 65  MeV  -7.2  MeV  = 57.8  MeV 

The  fraction  for  tbe  A*  is  ■*  2 =11%. 

65  MeV 

57  R VtrV 

The  fraction  for  tbe  tT  is  1- — = 89%. 

65  MeV 

EVALUATE:  The  lighter  partk  le  carries  oil  more  of  tbe  kinebc  energy  that  is  released  m the  decay  than  the 
heavier  particle  does. 

dR  dR  dt  HR 

(a)  fx>r  this  model.  — = HR.  so = = //.  presumed  to  be  the  same  for  all  points  on  tbe  surface. 


dr  dR 

(b>  Fot  constant  0.  — = — 0 = HRO  = Hr. 
dt  dl 


(c)  See  part  (a).  //0  = 


(dl  The  equation  — = H R is  a differential  equaboo.  the  solution  to  Which,  for  constant  //  . is  R(t)  - 
dt 

where  R+  is  tbe  value  of  R at  / = 0 . This  equation  may  be  solved  by  separation  of  variables,  as 

= — In  (R)  = //  and  integrating  both  sides  with  respect  to  time. 

R dt 

(e)  A constant  H0  woukl  mean  a constant  critical  density,  which  is  inconsistent  with  uniform  expansion. 

- r,  ^ „,t  r r dR  l dr  r dO  1 dr  . dO 

from  Problem  44.57.  r-R0^R  = —.  So  — = --y — = since  — = 0. 

0 d 0 dt  dl  0 dt  dt 


1 dR  1 dr  1 dr  dr  1 dR  „ dv  „ d 

= = ~>v  = — = r = H.r.  Now  — = 0 = — 

R dt  ROds  rdt  dt  R dt  dt)  40 


R dt  d - 


iydR  _ „ . dR  K r A d0  n „ \ dR  0 K \ ^ ^ 

->0 — = A where  A is  a constant  -> — = — R=  — /since — = 0 H,= = = -.  So  the 

dr  dl  0 0 dt  R dl  Kt  0 i 


current  value  of  the  Hubble  constant  is  — where  T is  the  present  age  of  the  universe, 
(a)  fx>c  mass  m.  in  Eq.  (37.23)  u = -v  v = v,.  and  so  v = — — — Vcm  . . Tor  mass 

1-VjV,,  c* 

M.u  = -v  . yf  = 0.  so  v = -v  . 


44.60. 
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(b)  The  condition  fee  no  net  momentum  in  the  center  of  mats  frame  is  rn/mvm  ♦ M yMvM  = 0.  where 

ym  and  Yu  correspond  to  the  velocities  found  in  part  (a).  The  algebra  reduces  to  flmym  = (#  - P)Y%yM-  where 

A=— . P = — • die  condition  for  no  net  momentum  beconxs  m<A  ~P)Y*Yu  = M PYu  • <* 

c c 


i+— 


i !—  = 


« + *#  1-(|,/C)1' 


(c>  Substitution  of  the  above  expression  inlo  (he  expressions  foe  the  velocities  found  in  part  (a)  give)  the  relatively 


simple  forms  v.  = v0/„ 


my0  + M 
U+mY, 


After  some  moee  algebra. 


r.= A . yu  = i 1,1  . from  which  my.  + M yK  = Jnr  ♦ 3f 1 + 2r/iM  y0 . This  last 

v'm,+M,  + 2ml#/1  vlm'  + MJ  + 2mAfy, 

expression,  multiplied  by  c\  is  the  available  energy  £ in  the  center  of  mass  frame.  so  that 

= (m!  + M ‘ + 2oiM  (|c'  = (me')'  + (McV  + (2Afc1X»n;,c1)  = (mc1)1  + (Me1 )'  * 2Mc‘Em.  which  is  Eq.f44.9). 

A°-sn  + *‘ 

(a)  £ =(&m)c*  = |mA.>c'  =1116 MeV  -939.6 MeV  -135.0  MeV  = 41.4  MeV 

(b(  Using  conservation  of  momentum  and  kinetic  energy;  we  know  that  the  momentum  of  the  neutron  and  pion 

must  have  the  same  magnitude.  p,  = p.. 

K.=E.  -"V1  = VW'>'*-<P.C»'  -™.f’  = 

A'.  = jtm.(‘)1  + K1.  + 2*V‘K.  ~ m.c‘  = £,-.£.=*,  + Jim.ct)‘ + K‘,  + 2m,S*:.  ~m.c‘  = £. 

+ K‘  + 2m^K,  = E‘  + <mtc‘)‘  + A''  + 2£m>c‘  - 2£A,  - 2m>eiA>.  Collecting  terms  we  find: 

A',(2in,c!  » 2£*  2m, c1)  = £'  ♦ 2£m,cJ 

A _ (41 .4 MeV)1  + 2(41 .4 Me\'X939.6 MeV) 

’ ~ 2(135.0 MeV) + 2(414  MeV)* 2(939.6  MeV) 

So  the  fractional  eoagy  earned  by  the  pion  is  = 0.86.  and  that  of  the  neutron  is  0. 1 4. 


